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| N\VENTI ON Ni acin or nicotinic acid (pyridine-3-carboxylic acid) is a drug
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cut aneous vasodil ation, sonetines called flushing. This side effect is
caused by the nicotinic acid-induced rel ease of prostaglandin D2 in the
skin and is so severe that many patients 10 di scontinue nicotinic acid
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20 Consequently one object of the present invention is to eliminate or reduce substantial
flushing (frequ_ency and/or severity) as a side effect during the treatment of humans for atherosclerosis,

dyslipidemia, diabetes and related conditions using nicotinic acid or another nicotinic acid receptor
agonist. .
Another object of the present invention is to provide combination therapy for
25  atherosclerosis that minimizes side effects generally.
Yet another object is to provide a fixed combination pharmaceutical composition for oral

use.

These and other objects will be apparent from the description provided herein.

30 SUMMARY OF THE INVENTION
A method of treating atherosclerosis in a human patient in need of such treatment is
provided that is comprised of administering to the patient nicotinic acid or a salt or solvate thereof, or
another nicotinic acid receptor agonist and a DP receptor antagonist in amounts that are effective for

_ treating atherosclerosis in the absence of substantial flushing,
35



BRI EF DESCRI PTI ON OF THE DRAW NGS The invention is illustrated in
connection with the figures appended hereto in which: Figure 1 is a graph
t hat shows that Conmpound D inhibits prostaglandin D2-i nduced vasodilation
in mce; 5 Figure 2 is a graph that shows that Conpound D inhibits
nicotinic acid induced vasodilation in mce. Figure 3 is a graph that
shows that other selected conpounds inhibit nicotinic acid- induced
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25 There are at least two receptors that interact with prostaglandin D2, referred to as "DP"
and "CRTH2". The present invention is primarily concerned with nicotinic acid or nicotinic acid
receptor agonists nsed in combination with antagonists of the DP receptor.

One aspect of the invention that is of interest is a method of treating atherosclerosis in a
human patient in need of such treatment comprising administering to the patient nicotinic acid or a salt or

30  solvate thereof, or another nicotinic acid receptor agonist and a DP receptor antagonist in amounts that
are effective for treating atherosclerosis in the absence of substantial flushing,

Another aspect of the invention that is of interest relates to a method of raising serum
HDL levels in a human patient in need of such treatment, comprising administering to the patient
nicotinje acid or a salt or solvate thereof, or another nicotinic acid receptor agonist and a DP receptor



ant agoni st, said conbi nation being effective for raising serumHDL | evel s
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Another aspect of the invention that is of particular fiaterest relates to each of the
methods described above wherein nicotinic acid is utilized and the DP receptor antagonist selectively
modulates the DP receptor and does not substantiaily modulate the CRTH?2 receptor.

30 Another aspect of the invention that is of particular interest relates to a method of
treating atherosclerosis, dyslipidernias, diabetes or a related condition in a human patient in need of such
treatment, comprising adr_xtinistering to the patient nicotinic acid or a salt or solvate thereof, or another
nicotinic acid receptor agonist and a DP receptor antagonist, said combination being administered in an
amount that is effective to treat atherosclerosis, dyslipidemia, diabetes or a related condition in the

35  absence of substantial flushing. |




35 absence of substantial flushing. -3 One aspect of the invention is the
use of a DP receptor antagoni st conpound in conbination with nicotinic
acid or a salt or solvate thereof, or another nicotinic acid receptor
agoni st for treating atherosclerosis in a human in the absence of
substantial flushing. Another aspect of the invention that is of particular
interest relates to the nethods 5 descri bed above wherein the DP receptor
antagoni st is selected fromthe group consisting of conpounds A through AT
and the pharnaceutically acceptabl e sal ts and sol vates thereof. Exanples of
conmpounds that ar artlc arly .useful | ec nt agoni zi ng DP
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Examples of compounds that are particularly useful for selectively antagonizing DP
receptors and suppressing the flushing effect include the following:
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as the pharmaceutically acceptable salts and sol vates thereof.

At heroscl erosis as used herein refers to a form of vascul ar di sease
characterized by the deposition of atheromatous plaques containing
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well as those that are associated wt underlg/ conditions are i ncl uded
in the pIc%rgm ePJﬁ Jé?ﬁsq(aﬁ own as coronary artery disease Or ischernic heart disease), cerebrovascular

disease including roulti-infarct dementia, and peripheral vessel disease including erectile dysfunction, are
all clinical manifestations of atherosclerosis and are therefore encormpassed by the terms

10  "atherosclerosis" and "atherosclerotic disease."

' "Dyslipidemia” is nsed in the conventional sense to refer to abnormal levels of plasma
lipids, such as HDL (low), LDL (high), VLDL (high), triglycerides (high), lipoptotein (a) (high), FFA
‘(high) and other serum lipids, or combinations thereof. It may be an uncomplicated condition or part of a
particular related disease or condition such as diabetes (diabetic dys]ipidemia), metabolic syndrome and

15  thelike. Thus, uncomplicated dyslipidemias as well as those that are associated with underlying
conditions are included in the present invention.

The term “patient” includes mammals, especially humans, who use the instant active

_ agents for the prevention or treatment of a medical condition. Administering the drugs to the patient
includes both self-administration and administration to the patient by another person. The paiient may be

20  inneed of treatment for an existing disease or medical condition, or may desire prophylactic treatment to

- prevent or reduce the risk of onset of atherosclerosis.

The term "therapeutically effective amount” is intended to mean that amount of drug that
will elicit the desired biological or medical response. As an example, nicotinic acid is often administered
at doses from about 50 mg 1o about 8 grams each day.

25 The terms "prophylactically effective amount” and “amount that is effective to prevent”
refer to that amount of drug that will prevent or reduce the risk of occurrence of the biclogical or medical
event that is sought to be prevented. In many instances, the prophylactically effective amount is the same
as the therapeutically effective amount.

The invention described herein includes the administration of the compounds and

30  compositions described herein to prevent or reduce the risk of occurrence, or recurrence where the
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The term "patient” includes mamual s, especially humans, who use the instant
active agents for the prevention or treatnent of a nedical condition.

Adm ni stering the drugs to the patient includes both self-admnistration
and adm nistration to the patient by another person. The patient may be 20
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compounds described herein along with nicotinic acid or another nicotinic acid receptor agonist to a

patient in need of such treatment. Rupture as used herein refers to the breaking loose of plague, which
can become lodged in blood vessels. A further aspect of this mvention involves a method for preventing
30 orreducing the risk of developing atherosclerosis, comprising administering a prophylactically effective
- amount of the compounds described herein to a patient in need of such treatment.

Another aspect of the invention relates to a method of treating or preventing |
atherosclerosis, dyslipidemias or a related condition comprising pretreating a human patient in need of
such therapy with a flush-inhibiting or reducing effective amount of a DP receptor antagonist, thereafter

35  treating said patient with nicotinic acid, a salt or solvate thereof, or another nicotinic acid receptor
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20 conprising adm nistering a therapeutically effective anmount of any of
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purpose of determining the therapeutically effective or prophylactically effective dosage amount needed

to prevent, counter, or arrest the progress of the condition. It is expected that the compounds described
30  herein will be administered on a daily basis for a length of time appropriate fo treat or prevent the
medical condition relevant to the patient, including a course of therapy lasting months, years or the life of
- the patient. |
One or more additional active agents may be administered with the compounds described
herein. The additional active agent or agents can be lipid modifying compounds or agents having other
35 pharmacentical activities, or agents that have both lipid-modifying effects and other pharmaceutical
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refers to the reduced severity of flushing when it occurs, or fewer
flushing events than woul d otherwi se occur. Preferably, the incidence of
flushing is reduced by at |east about a third, nore preferably the 20

i ncidence is reduced by half, and nost preferably, the flushing incidence
I's reduced by about two thirds or nore. Likew se, the severity is
preferably reduced by at | east about a third, nore preferably by at |east.
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compounds such as alendronate sodinm; cyclooxygenase-2 inhibitors such as rofecoxib and celecoxib;

Q.

30  and compounds that attenuate vascular inflammation.

- Cholesterol absorption inhibitors can also be used in the present inve.ntion. Such
compounds block the movement of cholesterol from the intestinal lumen into enterocytes of the small
intestinal wall, thus reducing serum cholesterol levels. Examples of cholesterol absorption inhibitors are
described in U.S. Patent Nos. 5,846,966, 5,631,365, 5,767,115, 6,133,001, 5,886,171, 5,856,473,

35 5756470, 5,739,321, 5,919,672, and in PCT application Nos. WO 00/63703, WO 00/60107, WO
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-commonly referred to as glitazones for exanple pioglitazone and
rosiglitazone and, including those conpounds included within the
structural class known as.thiazolidine diones as well as those PPARy
agoni sts outside the thiazolidine dione structural class; PPARa agonists
such as clofibrate, fenofibrate including mcronized fenofibrate, and
genfibrozil; PPAR dual a/y agonists; vitamn B6 (also known as 20
pyri doxi ne) and the pharmaceutically acceptable salts thereof such as the
HC salt; vitam n Bl12 (also known as cyanocobalamn); folic acid or a
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t aki ng i i e A8 an oral
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However , teaiofagesaftirom about 0.1 mg/day to as high as about 1.0 g/day, in single or divided daily doses.

The dose of nicotinic acid that is useful as described herein ranges from as low as about

50 mg/day to as high as about 8 g/day, in single or divided daily doses. Lower dosages can be used
initially, and dosages increased to further minimize the flushing effect.

30 The dosages of nicotinic acid receptor agonists other than nicotinic acid vary within wide
limits. Generally, nicotinic acid receptor agonists that are useful for treating atherosclerosis will be
administered in amounts ranging from as low as about 0.01 mg/kg/day to as high as about 100
mg/kg/day, in single or divided doses. A representative dosage is about 0.1 mg/day to about 2 g/day.

The compounds used in the present invention can be administered via any conventional
35  route of administration. The preferred route of administration is oral.
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15 solvates of nicotinic acid are also included for use in the present

i nvention, and nunerous pharmaceutically acceptable salts and sol vates of
nicotinic acid are useful in the present invention. Alkali nmetal salts, in
particul ar, sodium and potassium formsalts that are useful as described
herein. Likew se alkaline earth netals, in particular, calciumand
magnesi um formsalts that are useful as described herein. Various salts
of am nes, such as ammoni um and substituted anmoni um conpounds 20 al so form
salts that are useful as descri bed herein. Sinilarly, solvated forms of

ni cotinic acid are,usef n th rese i nventi es.inc
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emul $Hon gqlvateythm  papther tigptinge acilvecrpbragonidt (abeut i iteabout 1000 mg) and the bP

antagonist (about 1 to about 500 mg) are combined with the pharmaceutically acceptable carrier,

providing a tablet or capsule for oral use.
Sustained release over a longer period of time may be particularly important in the
formulation of nicotinic acid pharmaceutical compositions. Sustained release tablets are particularly
30 preferred. For example, a time delay material such as glyceryl monostearate or glyceryl distearate may
be employed. The dosage form may also be coated by the technigues described in the U.S. Patent Nos.
4,256,108; 4,_1-66,452 and 4,265,874 to form osmotic therapeutic tablets for controlled release.
Other controlled release technologies are also available and are included herein. Typical
ingredients that are useful to slow the release of nicotinic acid in sustained release tablets include various
35  cellnlosic compoﬁnds, such as methylcellulose, ethylcellulose, propylcellulose, hydroxypropyleellulose,
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i ngredi ents include diluents, binders, disintegrants, |ubricants,

sweet eners, flavors, colorants, 15 preservatives, and the |ike. Exanples of
di luents include, for exanple, cal cium carbonate, sodium carbonate,

| act ose, cal ci um phosphat e and sodi um phosphate. Exanpl es of granul ating
and disintegrants include corn starch and alginic acid. Exanples of

bi ndi ng agents include starch, gelatin and acacia. Exanples of |ubricants
i ncl ude magnesi um stearate, calciumstearate, stearic acid and talc. The
tablets may be uncoated or coated by known techni ques. Such coatings may
del ay di tion 1n &.h I ntestinal tract
and 1 her aiaoSHRleyibeB ioubiii Ryt PRIAIE, bt Ralifoinle 80 bl

enbodi nmenYargps Ratpenl F’?ﬁ\ﬁéﬁi“?ﬁé Aatepplg @ﬁelaiﬂ? of wgeingustained slqasegprmitionst Exanipdeseof , or

an?t her @Iﬁtﬁfalgﬂn&acﬂ(hhdiv@ﬁ%ﬂesWM%Wh&d@ﬁanghgw&tﬂﬂw&ﬂt Eeg@gltﬁf T&ﬁgﬁﬁ); or g
ant agoni s ri e I natl on ro C IS i xe
ot EROR R e iobh b Spp SBEwA B or ol oo

conbi nat BN pr odu use. More
partidularly, in aﬁcﬁpﬁmedéﬁ%@ﬂamawwfpmulanmtléﬂlzesmcoﬁﬁti't swidinaci d, or a

salt or ﬁﬁbﬁﬁ.{oﬁ 18 ohd @ RBS of 1R celtiistlcRBpdhdSiolel bova %bﬂpr@ﬁ&ﬁ%@rsus%%ﬁ‘ I St

(about 1 000 an ant agoni st .(‘aboyt t o .about 500 np)
(o e AP 1R SRRt e B oo oot 56 7 U WP
tabl et orbelomroupessay orgprle coged onButyt eritredfacedfalsmativer a | onger peri od of

time may be parti cyl AlenfoditRPiHhAObf hdde talGost, {0 Bﬁwﬁédcﬂ%@fnatﬁk G iR nfate

phar ngceuti ca ositio ust ai neq rel ease tablets are particul ar y 30
pref err ed™E m&‘iﬁﬁﬁ?%pmséerbﬁ?mmaéwgﬁmgﬁ“ﬂeéﬁCéﬂe e DEcanaeonist FFPoRRsiD st ear at e

or gl ycerjdndadi vgtheme artmorerepptifgsgentgdnd yenikd ontechedosagefadeat thenmy. al so be coat ed
by the techni ques @gggbinPed of el aerek,&téest P%tta%[;& asl\@&:?beddabgv%Gﬁnjt%?co fhd 48R 452

and 4, 265, m osnot.i c erapeutic tablets for contro ease.

O her coﬁf‘%’ﬁ’ éﬂ*@“&%@é@@@ﬁﬁ%%@? sigivgstatip.s Fhisppgicplaperabodiggnt hus c?’%‘f’é‘lsuded

herei n. Thps ctive mgret@em&dlheﬁl\m CchAtrecmctesemﬁﬂfmi antl theJIPOMtapdreist wkich amg bo f

ni cotyisni ik 4 j de ul osic
151 CerBhuft dubhsb S Pl Ay oA :@ﬁhﬁg 3id %Lﬁ&qg‘y B304 ovity 1%.@%.1

conpounds, such as nethyl ce ose propy
hydroxyprpﬁ‘b‘i}iloéBPFEﬁ‘}%‘é‘b‘”'dabTP hydr oxyet hyI cel | ul ose,
hydr oxypr opyl net hyTysidal telees éime fiamecfor yishinddl rblewge @bkt il 26@dance itk @esentt he

like.  VagrlQus 5t H&ahboamo%mw&tab@n g@h&f @L&@g@k&% f%utaéﬁoms, qust ai ned

rel ease formul at}] I'nc various’algi nat es,
pol yvi nyImOﬁR‘?fﬁqa"lﬂél?Pé“siorah‘Q‘ééfaW | ocust bean gum guar gum gel atin,
vari @gs | ong chai nHat geltl capsulsicdstage GRth¢l sobd mkgélforﬁﬂdr BERSBYch cpsiles

S USt a! neQinﬁ]%)fﬁ&ﬁdet @JCE%%&%%&I&SM;C‘ Vpglr 1?.41’]?#1]![1&%81’1&*8 as eSCI.l d ul;olvelz ! 3 nL cot l ¢

acid in corrpou atﬁot ed
above, c&HsYesiadeeithpastivg iagrasionts magpd “f“él“@&t‘;@lsﬁlhb IS‘éYende“‘fh(ﬂS mopylens Igy’rﬁif
mat ri-x. PHE ahiPethmbRGORiof kuch @it dil dRtid l@aafm@pdsme ba,t ed into the blend

before conpressio ﬁgv%&us%@sjé?lg%ng a?r@‘&l?c% cogtr;‘}tlolattecE‘I ﬁv, cmh : (r:ugg &1“ Irau];t%g glatgxtlgt he matrix.

I n an enbodi ment t
mat r i2%- f BYRE Witltcaripiguts suitebleforthe sriifiaue ofagncewrminensinne Such éxgivients inslwde aj ned

rel ease e@pédingagknis/rer &an@escﬂg&maﬂtoxﬁﬂmm@mﬂbsb anetﬂg,icemﬂ@d Wi t h one or nore
coating %%E%Sroﬁngetﬁﬁ&tﬂ%se?gdl%aqgna X poqumy pyrrgh one, iragacanth and acacia; dispersing

or wetting agents,e.g., lecithin; preservatives, e.g., ethyl, or n-propyl para-hydroxybenzoate, colorants,
flavors, sweeteners and the like.

30 Dispersible powders and granules suitable for preparation of an aqueous suspension by
the addition of water provide the active ingredients in admixture with a dispersing or wetting agent,
suspending agent and one or more preservatives. Suitable dispersing or wetting agents and suspending
agents are exemplified by those already mentioned above.

Syrups and elixirs may also be formulated.
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Optionally and of even nore interest is a tablet as descri bed above,
further coated with an 11 M5 Co-A reductase inhibitor, for exanple,
sinmvastatin. This particular enbodi nent thus contains three active

i ngredi ents, the HVG Co- A reductase inhibitor and the DP antagonist, which
may be 15 rel easabl e substantially upon ingestion, and the nicotinic acid
whi ch may be rel easabl e over a longer period of tine as described above.
Typical release tinme frames for sustained rel ease tablets in accordance
with the present invention range fromabout 1 to as |ong as about 48

hours, preferably ?ge%lﬂﬁgﬁ cfkﬁcafpo%tosﬂ?réi ££F§ o%parﬁ‘&gar i dsBis B I;“I?S élpeiex.eieef%?e

to about 16 hours. I'n capsul es constitute ano
form f or thet Hjcompsised ﬂ@ﬁ“‘é‘é&qﬂféﬁlt %Tls?lwt%ﬁhﬁ'?oﬁ %€ jr i aeceptar 3&5‘@?%"1 ngr edi ent s
m xed wi tchmbﬁa[trohelithﬁpﬁaﬁﬁdcaltﬁa}@&c&pﬁslébzbﬁ& above. Soft gel atin capsules

i ncl ude the active,i r ar- msc vents .such as
pr opyl ene gl yeol Al EitellchEtepfll PSSR g AR | ¢

par af i n tablet tiaj ify gomyrriged OA@fmwclﬁ 95 wiltsar eitedhereos] BP torptas aphaenisidnd e

Cﬁnt ai ni ][HMGEG ﬁ@%ﬂcﬁéﬁblﬂlﬂﬁlﬁina:bmbmﬂat& “aﬂmg &uﬂ&hﬁﬁc@t@&h@cﬁ‘ﬂﬁéﬁ sui tabl edf or
t he manufacture o us, Sus 0 ients include suspending
agents, for exanpl gatg%‘gg E@?&?ﬂ?ﬂ?ﬁ ton UF 8@‘@ eﬂaé?mgléqrqsmsﬁ%“ét ainbd

hydr oxy predgnass takletilat @@bmmsgt@ picoliyd¢ eaid. a D irerapter, anpaginisy pndysiopypstatisl in chasbination

t r agacantfihaRHarReRchkdily ApRBkShAL. Or wetting agent s,e.g., lecithin;
preservati ves, ro par.a-.h benzoat.e, cal or ant s,
flavdPs, sweet ene?gétéﬂ%ﬁ%ﬁw R‘gmglfﬁ'%ésg‘ﬁ%%‘i B fg’ e‘P"Sreﬁﬁsba YFAR es

sui t abl e rélense {pbleipizat Htcomprisef ofaiwoerqumsn@mpect&toomtztgymsttth&lsad@h&tdlfmmthef wat er
provi de thep 8skit of &%ﬁﬁhd@ﬂttﬁoﬁgﬁ A9 tdbiafon Vit h fhatia SRR Q&eﬁz[ble%&fef ng

agent, suspendin nd one, or nore preservatives. Suitable dispersing
or wetting agent sgg‘ﬁg“‘gl?% cﬁ‘ﬂlcalaf@@i’ﬂs’éw’gp’ét LIPS Futerastis B‘Smpf’ﬁ"tﬁ‘é’émﬁ? ady
nent i onedcid beheDP BYagups campbusl seleited irom the glospednsisiing ofiednpbaas A, B.IR ETHEAA,

phar nacewd 88! AGUTRASAS, iidubidoniyimaf hméeh&eahﬁccép@a%ﬁ cBier,| S @ sustai ned

rel ease tablet ‘that is corrprl sed of ‘nicotinic acid or. a salt or sol vat e
thereof, and a DP faRqienph aﬁ?ﬁcﬂﬁ'ﬁﬂlcgﬁquﬂ‘m tgtibPhPatrYR ‘WP‘FF{ igpomprised of
phar mac euicbtmd dcjd aad DB phtadohist compiind A in AvreHidaeion wited phacekditicaly aaeptmﬂmatﬁenn

that is of particufgn, atﬁa;ﬁadm;rwmm tﬁbgfru@ﬁ g:;l sf%l.o% eo%‘i (ﬁ%}h%:goﬂﬁ

conprised of nicotinic ac a sal ate t er recep tor
ant agoni &¢id Mpaﬂ?tagwmﬁ!;cwowdr%mewa%mpwBpkaéwaqewcy&m%&me&ﬁn% th a
phar maceuti cal'l y ateepsi@bplermtmediicalicompeiiionhatiemapdiateraGetinpesdd ot mis@aki t i on

that is et that is
conpri seg'il ?%m cotaiﬁéﬁlsg%ﬁ 5‘&&]5 Ifg bm%:tgon?%t?uiﬁg@g%& d{lﬂc %%ler?%;a}éfatl nin
combi nation with ¥ Wﬁﬂ@@ﬂﬂc?%ﬂcym%@@mhm oKy nferspt is qappsisad ofmieRtiS,
phar mac e udid el DRCapadt tdnipoutd B combitdtiop #ith h phildicewtichlB ae&htabls carigust ai ned

Yet another pharmaceutical composition that is of more interest is comprised of nicotinic

25  acid and DP antagonist compound X in combination with a pharmaceutically acceptable carrier.
Yet another pharmaceutical composition that is of more interest is comprised of nicotinic
acid and DP antagonist compound AA in combination with a pharmacentically acceptable carrier.
Yet another pharmaceutical composition that is of more interest is comprised of nicotinic
acid and DP antagonist compound AF in combination with a pharmaceutically acceptable carrier.
30 Yet another pharmaceutical composition that is of more interest is comprised of nicotinic
acid and DP antagonist compound AG in combination with a pharmaceutically acceptable carrier.
Yet another phannaceutiqal composition that is of more inferest is comprised of nicotinic
acid and DP antagonist compound AH in combination with a pharmaceutically acceptable carier.
Yet another pharmaceutical composition that is of more interest is comprised of nicotinic
35  acid and DP antagonist compound Al in combination with a pharmaceuticaily acceptable carrier.
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rel ease tablet that is conprised of nicotinic acid, and a DP receptor
antagoni st that is selected fromthe group consisting of conpounds A
through AJ in conmbination with a pharnaceutically acceptable carrier. Yet
anot her pharnmaceutical conposition that is of nore interest is conprised of
nicotinic acid and a DP antagoni st conpound sel ected fromthe group
consisting of conpounds A, B, D, E X AA 15 AF, AG AH, Al and AJ, in
conbination with a pharnaceutically acceptable carrier. Yet another
pharmaceutical composition that is of particular interest is conprised of

ni cotinic acid andybhnah @98&%&Euc%ﬂmwn%dtﬂo?ﬁgﬁ'uﬂ@r&t Ro e%ﬁseﬁlgfmcotuuc

phar maceutj cally acceptabl'e carrier anot har naceut
conposi t 1361 2PHIE aptazopist capgpund A &@@Pmﬁtsonc‘@thﬁmhag@epewaﬁx wewaklecarigei d and DP

ant agoni st corrpoun&eanbmer@ﬁﬁ‘hhﬁaﬁdammpbﬁdibnahaphafmaﬁidiehﬁta.‘eétss Bmpeed ab! e
B W

is conprise a oni's ound ' €onbifhat i on
with & prehrmaeatiedly sqeenjeblicesist-abl e carri er Yet anot her phar maceut i cal

conposi tion that |yeahmnarpﬂarmaée@mﬁ&ompsslmmtis%ﬁﬁo@m&&&mﬂsﬁﬂt&mda&&% and DP

ant agoni agpo i conbi nay ceu accept abl e
carrier. St%}’let? anlg eprEEdhoaPlr?% %ﬁpée(g ‘gé"f’atf' ”é éisefegte‘g#“ﬁ&a ﬁterest is
conpr i sedowtsting @f@pﬁnmueds PQQICEIEHGJ md@mmtmmgmmmomwmmwmhm ombi nat i on
with a phadepﬁmeu&h&al I y acceptable carrier. Yet another pharnaceutical

conpasi tion that i intere iS,CO szdof ni otlnlc acid and DP
ant aS@nl st conpound® OtF%pE cf’fccﬁ’ﬁlp‘i’/ﬁ‘ g P eEHEY ?,rél}t‘l’rfﬁ“fflaé"éﬁ:laabl e
carri er. sywined peieayetpblesithat mmnﬂwd:d]moemm aiDBmecBiitaltantﬂsoma‘t seiapted fiomtiler est i s

conpr i segrdub céﬁsﬁﬁtgdﬁh&npoaafdsqk,grﬁ DR, AR{ RAQM, 3, APRROUNG AR LRk GRDI nat i on
arrier. 30 Yet anot her pharmaceuti cal

with a pharlr)m utL Ce?‘h’ abl e

conposi t i“CH™F aBIf PRitCplly a8peRtePle FAIET, o sed of nicotinic acid and DP
ant agoni st conpoun'ﬂh%@n "aorgmwition ainiaddition tb ncampissingithe phatinaalticyl cappsitibabl e
carrigr. dgﬁhbﬁ@%\»@eﬂso@ﬁ@%@s@&% dﬁ‘@&ucméult’s ARednht mﬂx?ec@)f_{fﬂgﬂrtﬁe interest is

corrprl sed of. nicoti aci ant agoni st _cofrpound I n conbi nation
T P ahbimthat e B ASERRprLPT 8 g mors 8 the HTHERS.SHYe RO o

conposi t ifom dissediatios oiihe oonae pitheingedierits ocfompothes egbe0sf revcti@s bininteractas afci d and
DP ant agegd &tmo;@sﬂgwm%ﬂm' AcER p%g,aammema?c &q&%%%g&@é# %v&.ﬁ&ept abl e

carrier. -13 Yet another  pharnaceutic ositl
i nt er est eF‘?mgi‘?ﬁi?raP%‘é’H‘PBSF“‘ﬁl"@S? PW@%‘&WGWW&&SW@W%%WOW in
conmbi2Rat iactive wigtedicai(shhad thepienhicewichly sacpmpls ahligenesar ri er . Yet anot her

phar maceuti cal conpgsie asga:t bival mbém&f A tﬂg).fsgofd;ﬁéo%?a&dd slga s%fegpsrogﬁt@d of

nicotinic acid, one Q ant agonl st. co

si mvast atieFrok 4 TEHE %WBW‘WB’EW% agoﬂ“ifﬂ*i‘élaﬁ’ﬁ’@é@%qn@é%nlﬂiﬁ gesbprgiefe carrier.
Yet anot nedicynear. rithisenetliceradnt banigasdstde@ribddhadeinl S of nore interest is a

sustai ned rel ease MbR ?Lﬁ&l{l&:ﬂaﬁﬁ&h& oy f'ﬂ?eqﬁ{reﬁion%lgtgg fo EHe%sgon'ngbnlﬁc %211::1 ora

recept or antagoni st t sel ect e romt consli
conp@Rind SO sP¥ e Gpreok or apptbes pigptnig agidiTereptor %%%4%%%%@@%(3 Co-A

phar mac e ufdneask knhibitor, such as simvastatin, in the manufacture of a2 medicament. This medicament has the
uses described herein.

In addition to nicotinic acid, which is the benchmark nicotinic acid receptor agonist,
numerous nicotinic acid receptor agonists have been described. The following publications disclose
30  compounds that are nicotinic acid receptor agonists:
Lorenzen, A. et al. Molecular Pharmacology 59: 349-357 (2001),
L.orenzen, A. et al. Biochemical Pharmacology 64: 645-648 (2002),
Soga, T. et al. Biochemical and Biophysical Research Comm. 303: 364-369 (2003),
. Tunary, S. et al. Nature Medicine 9: 352-355 (2003),
35 . Wise, A. et al. Journal of Biological Chemistry 278: 9869-9874 (2003), and
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acceptabl e carver. 10 Yet another pharmaceutical conposition that is of
nore particular interest relates to a sustained release tablet that is
conprised of nicotinic acid, a DP receptor antagoni st selected fromthe
group consi sting of compounds A, B, D, E, X, AA, AF, AG AH, Al and A, and
sinmvastatin in conbination with a pharmaceutically acceptable carrier. The
term "conposition”, in addition to enconpassi ng the pharnaceuti cal
conpositions 15 descri bed above, al so enconpasses any product which
results, directly or indirectly, fromthe conbination, conplexation or

99" egal Al xf. 2l IR Eadify) RPSALGNY Guopfiot T ve oF excl pient . or

from di ssoci ati on of one or nbre o I ngredi ents; or from ot her types of
reactions or inter %&TowH ghappartiabpgonists f?’rﬁ’f"é’“@ﬁ“*ﬁ@ﬁ?@%é?@ﬁf those disglosedimg| v,
t he phar vacHeik)ecl arcmatﬂdbﬁlﬁlhepreaﬁtdoh@osittcﬁsﬁﬂtmdthwﬁdfu:deﬂﬂwntenconpasses any

conposi tion nade by, onb NiRY% nds, any

addi tional 20 acti ve I ng’r ed’gcog{uf §1R%c¥¥d°§§ emhlda maceanpl Eat Fﬁzegccept abl e
exci pPentW002408429847 P&lﬂlﬁ’éﬂétoné’Ft%@‘H?ﬁQ%wﬂlwgﬁéﬂ giadsTynarg f et abged Wiserd.ebt i ni c
acid or al gmhiionPhbos®| vate thereof, or anot her nicotinic acid recept or

agoni st and a DP a i n th uf act of a

nmedi cament has theﬁuse%us'&%tsr%cre? € aﬁ%‘flgc %‘EF%?‘??HESH% aspect
of the i ircbded igthemporhedeef theepresens myelémef chemnlmDB r@tcntct apiAgsis 28 tmbtamgct

sol vat e tfiRE@8fuce PiEh WOOLISI69 Bi:tﬂx@ﬁekl Rk Ocidbdr 85,206 € BP 250528 tbldhed & NE 2, 2003,

o4 58 T S AR s A R T

herei n. Kompeleil 8Boan basynhesized iniaccontsnat, withtiheodesdrigtidnivet fetnioWiRIIG6580801 i ni ¢
acid rec ﬁlﬂ@ﬁed%ﬂ@éﬂt&ﬁber 13)0008! QUSpdtn€ RLICH S aﬁhame@ﬁ%%mma%ﬂuﬁhacﬁﬁu\éﬁ been

descri be i0 ose 30 co that are

oot o e Dloa AR el 20 G vl REmLAp

Phar nmacokoghesifsd:.in 846d86F witlphe dgscription reg frrthiy WR03/678469 pustha(t breSapeaber 25,

Phar qgcobo@y o re éné&’&aﬂlfgl dnist ¥ ?‘J}H:P

Bi ophysi caI Res e@ggjh % 3 4- 69&'5(115%01%)% Pre%lﬁr)\%%m§&£b esnﬁ%mur e
Medi ci ne 2™ ' A. et al. Journal of Biological

Chem stry 278 9869- 9874 (2003) and -14 Van Herk, T. at al Journal of
Medi ci nal Chemistry 46: 3945-3951 ( I is noted that partial agonists
for the nicotinic aC| d recept or as ose d| scl osed in van Herk et
al . are i3eEhawpphe lhithinl-4-{rpethyls Jed-3-telsahydropyaridal Flindolizi i 1
l\/breGOer[g@impMotl nic acid recept or has been i dentl f| ed and char act eri zed
in 5 W021084298A2 published on Cctober 24, 2002 and in Soga, T. at al.,

Tunaru, S. et al, and Wse, A et so@e. (ciﬁtions above) .

".:

S cl
R
ow

N TSN COH

Step 1 4-Chloranicotinaldehyde
- 25 The title compound was prepared as described by F. Marsais et al., J. Heterocyclic

Chem., 23, 81 (1988).
Step 2 4-(Methylthio)nicotinaldehyde

To a solution of NaSMe (9.5 g, 135 mmol) in MeOH (250 mL) was added the 4-

30 - chloronicotinaldehyde (13.5 g, 94.4 mmol) of Step 1 in MeOH (250 mL). The reaction mixture was
maintained at 60°C for 15 min. The reaction mixture was poured over NH4Cl and BtOAc. The organic

phase was separated, washed with HO and dried over Na2S0O4. The compound was then punﬁed aver
silica gel with 50% EtOAc in Hexanes to provide the title compound
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. and mai nt ai ned. at

Nuner ous DP receptor antagoni st conpounds have been published and are
useful and included in the nethods of the present invention. For exanple,
DP receptor antagoni sts can be obtained in accordance with WO01/ 79169
publ i shed on COctober 25, 2001, EP 1305286 published on May 2, 2003, 10
W02/ 094830 published on Novenber 28, 2002 and WO031062200 published on
July 31, 2003. Conpound AB can be synthesized in accordance with the
description set forth in W01/ 06520A1 published on Septenber 13, 2001;
Compound AC can be synthesized in accordance with the description set

Forth | n 43/ 02204t @bl Lot OBl Al 200320k CompoUnds, AD and AE

can be esi zed Tn _accor dance t forth in

W03/ 078409 publ i sfaefulgn @éﬁ@@h&%@@%ﬂn&gﬂe%e@ 8 2B hwpob apspatthezidopsptateDP
ant agoni 9.0 gOTspEbIGS MeOBI{50 ALY Ras fIeH6 i tolitivy &ITL5 B N20RR iGN (lclvast, zed in

T5a( 2. cn o TR RER G UG oa BN a1t s 2 i

ndol i Zi n- 6. pdditéan; c?hfa@ﬁ'%pngzexte@o'«wwmn@} ingoidyibath for sqvergl howg; follaweN|b P H
Step I'1 4v&higRniomi leaamakﬂéewa%nﬁ&hlhﬂpdnsléﬂﬁas Qi AHoMASIRIRNA R G 'S

26?;\:/{9; E;Wo’) ni cotlﬁt?lj'afﬁe %teﬁh oi%msmg{’ (i o%%e%ﬁ%dg%ew% asﬁ?d mg]ll‘%é%g’noﬁnjism ’

MeOH ( 250vapitien dyied upded vadunmh to give 3@ tith commomidrs e brigs s (hteg){ wiiBchsogpain@sore nmol )
of Step Jalshd/EddpotmdIO bl Jurifiddvef §RG ghIQRRTRALr € was mai ntained at 60C for
15 m The reaction m xture was poured over NH4ClI and Et QAc. The organic
phase1 was separated, washed with HZO and dr| ed over Na2SO4. The conmpound
was thenSendi fi ed Mothyl 4-{giethiylttdo)dlé PN e lHexanes to provide the

title conpound. -1f séE&Qmﬁ of Bl &h‘ﬂ ound of Step 3 0 40 & 1. 6 numol) in xylenes (ll? mL) was
SO

| Elz(ZZretz h§| %?%éf%‘ﬁ%%ﬁgﬁ T8 o

hyl t hi o in-3-y o -enoate A
é chf' gmgﬂ a@fo )VGI%W@OWB%WC ddo%eB: at e
(9.0 g, T8aperatyrd Pxewuh@ﬁhbst Bialwh Jluaie the@olibiingt of aa exxtilerthd dua toathe BiidbiadiVe | n
VECH 1616 18 fln, THBousf BB wdluy LaSd F54, LG AR or ed
o - 0 132nC durtl ng t a%%@(%fgﬁﬁ é‘%ﬁ% ?’op\re&mff‘%q{rt%sul ting
m xture WEBPEREN stirred in an ice bath for several hours, followed by
overnight in an ice bath in the cold room The suspensi on was then poured

onto a mgghre of ks At NG oo 474 BRSNS LRI RA RS 10 M D

~of stirring. The ro washed W T under
vacuumto give 't he Tq 4 W‘%‘%Bﬁf‘b‘iﬁﬂ?@m&‘é ofStepst §85 ol amply DMK (201 et)° E’O‘ﬁﬁ ai ned

~some 20 added NaH (1.2 eq.). After a period of 5 min., nBugNI (0.10 g) and ethyl 4-bromobutyrate (0.40 mE). .

were added. After a period of 1 h at room temperature, the reaction mixture was poured over saturated

NH4CI and FtOAc. The organic phase was separated, washed with H70 and dried over NaSQy4. After

-

o

'IU

lv

)

evaporation the crude product was purified by flash chromatography. The bis ester was then dissolved in

"THF (7.0 mL) and a 1.06 M of THF solution of potassiwm tert-butoxide (2.2 mL) was added at 0°C,
25  After a period of 1 h at room temperature, the reaction mixture was then poured over saturated NH4Cl

and EtOAc. The organic phase was separated, dried over NapSO4 and evaporated under reduced

pressure to provide the title compound as a mixture of ethy! and methyl ester.

Step 6 4-(Methylthio)-8,9-dihydropyrido[3,2-blindolizin-6(7H)-one
30 To the compound of Step 5, (0.32 g) were added EtOH (8.0 mL) and concentrated HCl

(2.0mL). The resulting suspension was refluxed for 5 h. The reaction mixture was partitioned between
.EtOAc and Na3CO3. The organic phase was separated and evaporated to provide the title compound.

Step 7 Ethyl (2B, 27)-|4-(methylthio)-8.9-dihydropyridof3.2-blindolizin-6(7ED-
35 ylidenelethanoate
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salts. The conpound is then purified over silica gel with EtQAc. 10 Step 4
Met hyl 4- (et hyl thi o)-1H pyrrol o 2, 3-bl pyri di ne-2-carboxvl ate A suspensi on
of the compound of Step 3 (0.40 g, 1.6 mml) in xylenes (16 nL) was heated
slowy to 140C. After a period of 15 mn. at 140C, the yellow sol ution
wascool ed to room tenperature. Precaution nust be taken due to the
possibility of an exotherne due to the formation of 15 nitrogen. The
suspensi on was then cooled to 0C, filtered and washed with xylene to
provide the title conpound. Step 5 Ethyl 4-(nethylthio)-6-o0x0-6 7 8

9-tetrahydropyrido el rboxyl ate To on..of the
conpound of St ep @6%@ Somj% Eérmglogm tﬁyllﬁﬁfl’f}% GrCRE t)e(&f%%?% BED 36 dded
NaH (1.2 #¥ded)80% ﬁé%imolb@d@e@mpomﬁmm(p@z £0L.QP)ymrogke). &ftbryal period
4- br onobwafyhhiat £°COhek@aatit) mixtuewss ratidd over Afurasd mmmmtoaf: Thelorgabic PR

t enper at o T tion s poured o atur NHACl and
Et OAc. Tﬁ&a%g?mgeda&ﬁe% mteif\i/au%lées‘f arareg - ewetirgﬁ%t&y ﬁdmﬁgg over
NaSO4.5 quh@matogvalp'(waffqr@)wepﬁgcm@@ product was purified by flash
chromat ography. The his ester was then dissolved in THE (7.0 nL) and a
1.06 M ofStTl-éE sol u ) t . d (2.2 nL). was added at OC.
25 After HXeri od GF oS ERPE a0 Hacelals

poured over satur aﬁ'bfcbompbunﬂmtep &st tEftSQ'M@ﬂ in m@mmsmgmmm dssuiution (Tar at ed,

dried ovethe fad@Odootadolaticais aldd aﬂt&ﬁi@femb&ﬁ’di@?ﬂi)g A B Isb0Ring ﬁ:xﬁﬁé)\)fisde the
title conpound ture of et ester. Step 6

h and._net hyl
4- ( Methy I PR e, °‘-‘9‘§6' “H@ja ?P&%f[cg’@mm o ipecs; Toegeartign mixamregyes filfered o
conpound <Griusy aysr Selitg wipCHIC Shbe Timerts Beppatedugieneucedmesounogrvidatied HCI
(2.0 ni) uﬂxh@n;roawlm;eﬂgu@u@mee@ B Step G & wd Hith B ©H)ERAGO LN
m xture v;ﬁﬁ,s_p&rﬁ i lgged bet ween IQ.Et OAc gnd Naglg:CBgéhgl'he or ganf?:f%hase ?/\t/as
separated and e a Jorated to provide the title conmpound. Step 7 Ethyl (2E
2Z) - [4- (et hyl t hi o) 8 9-di hydropyrido[3 2-blindolizin-6(7H) 35

Vhoaeme Qudanoat e phd oy Miiflals oo .ﬁm@‘%

phosphonoacCet ate (0. 45 Z. & 090 | , 2.00
mol ) and the co FB‘EIWEI"‘B’FP"S’BWSB?P ¢ 982882723“@@%9 )3.0 Ly were addedr i od  of 4
h at 55C, N@Wé’t&(@&b&) iarh30% ez G00ak). pdar apriolell Is t vraaticpoidthid Gis panitiohtdDAC .

The Or garksveR @R and WRFAS qman)?gaﬁ@lp@%ﬁ%a@a %itﬁﬁzéf&gﬁa&atéﬁmﬂ&sgo REEGRLR The
crude product was purlfledbn%{ ash 5 chromatogfaphy to affo J the title
PR

conpound. °°’S?‘é‘ﬁd‘833 by flag fogrPy) - 67, 8, 9- t et r ahydr onvri dof 3

2-bli2edol i zi n-6-yl | acetate The corrpound of Step 7 was d| ssolved in MeCH -
THE usi nghggt forg s&)tltjzwas added
at roomte eratur‘é“' s ‘- om hed for 18

h under an at msph@%@%@ﬂ&of hydrogen The reacti on mxture was
filtered To a 1,2-dichloroethane solution (2.0 mL) of 4,4’-dichlorodiphenyl disulfide (0.24 g)

was added SO2Cl2 (50 uL). To the compound of Step 9 (0.05 g) in DMF (2.0 mL) was added the
25 previous mixture (= 180 uL). The reaction was followed by H NMR and maintained at room

temperature until no starting material remained, The reaction mixture was poured over saturated
NaHCO3 and EtOAc. The organic phase was separated, evaporated and the title compound purified by

flash chromatography.
30 Stepll [3-[{(4-Chlorophenyl)ihig]-4~(; methylsulfonyl}-6.7,8,9-tetrahydropyrido [3.2-blindolizin-

6-vllacetic acid
‘  To the compound of Step 10 dissolved in a 1/1 mixture of THF-MeOH was added IN
NaOH. After a period of 18 h at room temperature, the reaction mixture was partitioned between
saturated NH4Cl and EtOAc. The organic phase was separated, dried over NapSO4 and evaporated to

35  provide the title compound.
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carefully over Celite using CH2Cl2. The filtrate was evaporated under
reduced pressure to provide the title conmpound. Alternatively, the
conmpound of Step 7 can be hydrogenated with Pd (OH)2 in EtOAc at 40 PSI of
H2 for 18h. 15 Step 9 Ethyl 4-(nethylsulfonvl)-6 7 8 9-tetrahydropyridof3
2-blindolizin-6-vllacetate To the conmpound of Step 8 (0.08 g, 0.27 mmol)
in MOH (3.0 nL) were added Na2WwX (0.10 g) and 30% H202 (600 pL). After a
period of I h, the reaction m xture was partitioned between H20O and Et OAc.
The organi ¢ phase was vvashed with H2O, separated and evaporated. The title

conpound d ogra 10 Et hyl

F50F (- cHESRRisholEnrestonsd b AT TS Rb SriRE o, 70T afb. a8 i) 390 250,
bl i ndol i zias&; )] ex0atate), T05 @n, 1515 335 ey, ped bane modmt i on (2.0 nl) of

4, 4" -di chl orodi phenyl disulfide (0.24 g) was added 50202 (50 L). To the

conmpound of Step 9 (0.05 g) in DW (2.0 nL) was added the 25 previous

m xture (= 180 pL). The reaction wa d by 1H NMR and nai nt ai ned at
room stemww@w»agsm@mﬂwﬁ% Bﬂoﬁzﬂlﬁgﬂ&é@éd‘:ﬂn m xture
The organi c phase was

‘was pour 8 over, sat urat ed NaHCO3 and Et OAc

separ at eg'—e%a'p'o@at ed and the title conpound purified by flash

chromat ography. 30 Step 11 f5-f(4-Chl orophenyl ) thiol A-(met hvl sul fonyD-6 7 8
9-tetrahy ,v do f3 2-blindolizin- eyl | ac c Acid To the conpound of Step
10 dissolved in a 1/1 m xture of ¢THRE-N s added IN NaOH After a
period of 18 h at room tenperat ure; ion mxture was partitioned
between saturated NHAC1 and Et OAc. orgafnl c phase was separated, dried
over Na2SO4 and evaporated to 35 provide the title conpound. -17 1H NWR
(500 MHz, acetone-d6) 8 11.00 (bs, 113), 8.60 (d, 111), 7.80 (d, 1H, 7.20

(d,- 3bh, 7.00 (d, ’Bﬁla?tl):le co @@&Hb gﬁ%edﬁo&g}m(ﬁhp&ﬂﬂbﬂiﬁmﬁﬁ lgﬁf&p dfda 3. 35

(s, 313), 80 to

154( 4- chit @HVI“?? rthgmﬁllv(p"lf;r%?lﬁ ‘??lhlaméll? 8 9-tetrahvdropyridol 3

2- bl i ndom/z418- 6yllaceflc acid (Conmpound HH S &N CI N1 002H 10 The
title conpound can be prepared fromthe corrpound of Exanple 1, Step 8 in a
~simlar manner as described in Exan'% 1, St ep 10 and 11.

15 S-[{3.4-DichlorophenyDithiol-4-{methylsulfony]
acid (Compound I} )

20 The title compound was prepared as described in Example 1 using bis(3,4~
“dichlorophenyl)disulfide in Step 10.
1H NMR (500 MHz, acetone-de) § 8.55 (d, 1H), 7.85 (d, 1H), 7.35 (ﬂ, 1H), 7.15 (s, 1H), 6.95 (d, 1H),
4.60 (m, 1H), 4.15 (m, 1H), 3.80 (m, 1H), 3.40 (s, 3H), 2.80 to 2.10 (m, 65).
_ m/z 484,
25 The enantiomers were sepatated on a Chiralecel OP colurm 25 cm x 20 mm using 30 %
- isopropanol 17 % ethanol 0.2 % acetic acid in hexane, flow rate 8 ml/min. Their pureties were verified on
a Chiralecel OD column 25 cm x 4.6 mm using 35 % isopropanot 0.2 % acetic acid in hexane, flow rate
1.0 ml/min. More mobile enantiomer Tr = 9.7 min, less mobile enantiomer Tr 11.1 min.
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mz 418. EXAVMPLE3 15 f5-f(3.4-Di chlorophenyl)thiol-4-(nmethylsulfonyl)-6 7
8 9-tetrahydropyridof3 2-bl indolizin-6-yllacetic acid (Conpound |) C
S2Me S -C N N CO2H 20 The title conmpound was prepared as described in
Exanpl e | using bis(3,4- dichlorophenyl)disulfidein Step 10. 1H NWVR (500
MHz, acetone-d6) 8 8.55 (d, 111), 7.85 (d, 1H), 7.35 (d, 1H), 7.15 (s, 1H)
6.95 (d, 1H, 4.60 (m 1H), 4.15 (m 111), 3.80 (m 111), 3.40 (s, 311),
2.80 to 2.10 (m 61D. nmz 484. 25 The enantioners were separated on a
Chiral ecel OD colum 25 cm x 20 nmusing 30 96 isopropanol 17 % et hanol
0.2 %acetic acid in hexane, f|Oer%§§£§%g%_nln Their pureties were
verified on a Chlralecel QD col um 4.6 nn1u5|ng 35 @6|sopropanol
0.2 %8.04 ! il B Ifopy] 7.8 ; T 1ol3. 2eblindiak zin-6avHick i

Tr = 9.7 (0 gmmﬂigs nDblle enantloner Tr 11.1 min. -18 EXANPLE 4

[ 5- (4 Choor obenzoyl ) - 4- (et hyl sul fonyD-6 7 8 9-tetrahydropvridof3
2-blindolizin-6-yllacetic acid (Conpoynd SO2Me ONNC2H 5 Step

Et hyl [5-(4-chlorobenzovl)-4-(neti8Mehip ,9- tetrahydropyrido[ 3
2-blindolizin-6- 1 acetate To aySH™ gn Of._4-c Iorobenzoyl chl oride (0.30
g, 1.7 mmol) in 1, 2-dichl oethang (%, oll 10 nm.) was added AIC13 (0.24 g, 1.8
mmol e). After a period of 5 nin. M sWl ulfi orf@H ethyl [4-(nethylthio)-

6, 7, 859-tetrahydropyri do[ 3, 2-b] indoN_z¥n-6-yl]acetate from Exanple | Step
8 (0.15 g, 0.47 mmle) in 1,2-dichloroethane (6.0 nL) was added to the
previ ous mxture. After a oerlod of 4h, at 80C “the reactlon nlxture was
partiti oREl1bet we it Tchiorbends fmeth i ahdeprideld 2 Stink

dried over thSCAL@nggvaporated The t|tIe conpound was purlfled by flash

chr omat ogr aphy. Ste h nzo (e Isulfonyf 6 7
8 O- t18t r ah¥dr op r | tl %’t@cmﬁ% benzgd'l cgfgm?e (898 m]?nol)m 1,2-dichloethane (6.0

was added A1C13 0. 24 g L8 mmole) After a period of 5 min, a solution of ethyl [4-(methylthio)-

6,7,8,9-tetrahydropyrido[3,2-b] indolizin-6-ylacetate from Exarople 1 Step 8 (0.15 g, 0.47 mmole) in

1,2-dichloroethane (6.0 mL) was added to the previous mixture. After a period of 4h, at 80°C, the
reaction mixture was partitioned between EtOAc and NaHCO3. The organic phase was separated, dried

over Na2S04 and evaporated. The title compound was purified by flash chromatography.

15

Step 2 Ethyl [5-(4-chlorobenzoyl)-4-(methylsulfonyl }-6.7.8.9-tetrahydropyrido [3.2-blindolizin-
6-yllacetate | '
To a solution of ethyl[5-(4-chlorobenzoyl)-4-(methylthio)-6,7,8-9-tetrahydropyrido[3,2-
blindolizin-6yl] acetate (0.12 g, 0.27 mmole) in MeOH (5.0 mL.) were added NapWO4 (0.1 g) and 30%
20 Hp02 (300 pL). The reaction mixture was stirred at 55°C for 1h. The reaction mixture was then
partitioned between H20 and EtOAc. The organic phase was washed with HpO, dried over NapSO4 and

evaporated. The title compound was purified by flash chromatography.

Step 3 [5-(4-Chlorobenzoyl)-4-(methylsulfonyl )~6,7,8,9-tetrahydropm‘ ido[3.2-blindolizin-6-
25 vl]acetic acid
: . Ethyl [5-(4-chlorobenzoyl)-4-(methylsulfonyl)-6,7-8,9-tetrahydropyrido{3,2-blindolizin-
6yllacetate was treated as described in Example 1 Step 11 to provide the title compound.
1H NMR (500 MHz, acetone-dg) & 8.55 (d, 1H), 7.90 (d, 2H), 7.65 (d, 1H), 7.45 (d, 2H), 4.55 (m, 1K),

4.25 (m, 1H), 3.45 (m, 1H), 3.20 (s, 3H), 2.05 to 3.00 (m, 6H).
30 mfz446. ‘
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zin- 6-yllacetate To a solution of

et hyl [ 5- (4- chl or obenzoyl ) -4- (net hyl t hi o) -6, 7, 8-9-tetrahydropyri do[ 3, 2-

b]i ndoli zi n-6yl] acetate (0.12 g, 0.27 mmole) in MeOH (5.0 nL) were added
Na2Wo4 (0.1 g) and 30% 20 H202 (300 pL). The reaction mxture was stirred
at 55C for Ih. The reaction mxture was then partitioned betwen H20 and

‘Et OAc. The organi ¢ phase was washed with H20, dried over Na2SO4 and
evaporated. The title conpound was purified by flash chromatography. Step 3
15- (4- Chl orobenzoDl -4-(nethylsulfonyl)-6 7 8 9-tetrahydropyridof3
2-blindolizin-6- 25 yIIacetic aci d Eh

[ 5-(4- chlorobenzoyl)
i zin- 6yaf{4BrongehsniDiiold-Gaethylsulfonylrad Si9-tatmavdrepye Zpbrylls 'mhcrOV|de
t he t|t|§4gggggy@ﬂ. 1H NWR (500 NPB acet one- d6) S 8 55 (d, 1FD, 7.90 (d,
211), 7.65 (d, 111), 7.45 (d, 211), 4.55 (m 1H, 4.25 (m 1H), 3.45 (m
11-1), 3.20 (s, 3H), 2.05 to 3.00 &de 611)— 30 Mz 446. -19 EXA U LE 5

[ 5- (4- Bronophenyl )t hi ol - 4- (et hyl f ong ~%, 8, 9-tetrahydropyri do[ 3, 2- bl
ndolizin-6:~yllacetic acid (Conppund K) M I V'l ~~Br S CNNO2H

5 The title conpound was prepared s \eyereded in Exanpl e 1 using

4, 4" - di bronodi phenyl disulfide. " 1 (500 MHz, Acetone-d6) 8 8.60 (d,
111), 7.80 (d, 1H), 7.35 (d, 211), 7.00 (d, 2H), 4.65 (n1 1H), 10 4.20 (m

1H), 3.80 (m 1H), 80.t0 XANP 1
f9-[ (3, 4- Di chl orop ené?f%m%qmﬂisr%’t PAGH %Sﬁefcgﬁﬂé%wd{ 'l‘fifﬁr %ﬁw%@

- 4- pryrrdbwﬁﬁh 8-yllacetic acid (Conpound L) 15 C1 SO2Me N\ . S
11 NMR (500 MHz, Acetone~d6) & 8.60 (d, 1H), 7.80 (4, 1H), 7.35 (d, 2H), 7.00 (4, 2H), 4.65 (m, 1H),

10 4.20 (m, 1H), 3.80 (m, 1H), 3.35 (s, 3H), 2.80 to 2.10 (m, 6H).

EXAMPLE 6 METHOD-1

acid (Compound L)

15

Step 1 2-(Methylthionicotinaldehyde
The title compound was prepared from 2-bromonicotinaldehyde (A, Numata Synthesis
20 1999 p.306) as described in Example 1 Step 2 except the solution was heated at 55°C for 2 fir.

Step 2 Methyl -2-azido-3-[2-(methylthio)pyridin-3-yllpron-2-enoate
The title compound was prepared as described in Example 1 Step 3.

25  Step3 Methyl 4-(methylthio)- 1H-pyrrolol3.2-c]pyridine-2-carboxylate
A solution of methy! (2Z)-2-azido-3-[2-(methylthio)pyridin-3-ylJprop-2-enoate (1.00 g,
4.00 mmol) in mesitylene (50 mL) was heated at 160°C for a period of 1 h. The reaction mixture was
cooled to room temperature then to 0°C, the precipitate was filtered and washed with cold mesitylene to
provide the title compound.
30

Step 4




N CO2H Sim 2-Methylthio)nicotinal dehyde The title conpound was prepared
from 2-brononi coti nal dehyde (A Numata Synthesis 20 1999 p. 306) as
described in Exanple | Step 2 except the solution was heated at 55C for 2
hr. Step 2 Methyl (2Z-2-azido-3-[2-(methvlthio)pyridin-3-yllpron-2-enoate
The title conmpound was prepared as described in Exanple 1 Step 3. 25 Step
3 Methyl 4-(nethylthio)-IH pyrrolo[3,2-clp)ridine-2-carboxylate A solution
of nmethyl (27)-2-azido-3-[2-(methylthio)pyridin-3-yl]prop-2-enoate (1.00 g,
4.00 nmmol) in nmesitylene (50 nL) was heated at 160C for a period of 1 h.

Th t t
prect pi tat o yas. 1 1ar agersfl B Sdwi LBy E?ﬁ%ﬁéﬁ&@gﬁﬁ@f A I
title corfddntimodin B mLietusyr (12,0 pmhiverg pdded o - 08MoKHE solution of POtaSSlum text-

8- di hydr cbufitkdp yrr42daif B1.41 Bjuphnd ﬁllewu a&@la%{ﬂ@rmxyﬁe&&ﬁlhn Bixh@e RasHefemA 80cen Of

net hyl 4f()m5hyﬁet,mx g,
1.35 %$| n THE éﬂ}e@ﬂ‘p&%ﬁgé ueneaé%p m@%ﬁé%ﬁg& ﬂ‘g&ggﬂﬁ)'@%
sol ut iPon EFnsEPase ¥ ﬁﬁ‘??‘fr%tf"{ driggh ope,Na@s04 apd filtered. ty provideithe s comprimdret hy |
‘acrylate (300 pL). The resulting m xture was heated at 80C for 18h. The
m xture %artiti1 .ang f||teredthrough
Celite. org " GUALEPINA2SO4 and filtered,
to provide the ti tl\@ﬂbfbh'f;mihﬂ;thm) 839}@6 %dmyd(m-pmdorﬁ,@}p@mhzme-?-carboxy}ate

7-di hy dr Qa8 ebrdted 40hs tife Rniiina @k deddribedin BREnNET §1¥# o
1- (rrelthylthl 0) - 8- 0x0- 7, 8-di hydro- 6H pyri do[ 3, 4-b] pyrrolizine-7carboxyl ate

was cd)nverted to the t|tIe corrpound as descrl bed in Exarrpl el Step 6. 10
Step 6 MiitipA yi ig=Hydioxmet-fan 7- o-Bi-ghmitoBRA- Wy yriotie

4-bl pyrroli zin-8- y}&ﬁﬁﬁﬁea:tf@ 5“7 -8H-pyrido[3,4-blpyrolizin-8-ong (0,15

1- (et hyl th olnﬁtg r7]?6 dr o- él—l—ngliriﬁi [g %ﬁﬂp me (i[?m]r?ynmm 08( g%:% 68
mol ), meeAsH ey ?ﬁt‘é( C)C')J( . %%F GLmly)was pp fo52b ™9 was
soni cat edmﬂme vas then Heated ahﬁ(b‘{(ff for & miva sntl banpldiea bitle eehctioh CTHe Geactionmifurewak i |

conpliet i Qﬁmﬁfmeﬂ BaweRIROAO Bnd NEOEL. rme&gaﬁapmamrsﬁ)m deRd Bk b %\lsae%nﬁ%réaet ween
Et OAc and The or an| c ghase was separ at e dried over

filtered ™ ﬁV&P%?}%E’p‘EF ur 1 @ipvidethp Fde campenido The eppenad tvaepeified by
conpound flafivdrozetmgepipd was purified by flash chromatography. Step 7 Met hyl
[1-(methylthio 20 To Nal (0.300 g) in CH3CN (3.2 nL) was added TMSC1(0. 266
mL). This m_Xxture was added t 0 a susd[)IenS| on_of rret hyI
[ 8- hydr ox¥2¢L (et hifietnd [dymethydthie)-j3-dihydrg b1y gbdtate n- 8-yl ] -
20 To Nal (0 300 g) in CH3CN (3.2 mL) was added TMSCI (0 266 mL) This mixiure was
added to a snspension of methyl [8-hydroxy-1-(methylthio)-7,8-dihydro-6H-pyrido[3,4-bpyrrolizin-8-yl}
acetate (0.15 g, 0.515 mmol) in CH3CN (1.5 mL), in a water bath. After a period of 0.5 h, the reaction
mixture was partitioned between EtOAc and NaHCO3. The organic phase was separated, washed with

sodium thiosulphate, dried over MgS04 and evaporated. The title compound was purified by flash

QJ
:
Q]
i)
-
Q
c
<
i

25  chromatography.

Step 8 Methyl [1-(methylsulfonyl)-7.8-dihvdro-6H-pyrido[3.4-b olizin-8-yllacetate
Methyl {1-(methylthio)-7,8-dihydro-6H-pyrido[3,4-blpyrrolizin-8-yl]acetate was
converted to the title compound as described in Example 1 Step 9.
30 '
Step9 [9-[(3.4-DichlorophenyDthiol-1-(methylsulfonyl)-7.8-dihydro-6H-pyrido[3.4-
b olizin-8-yLJacetic acid
Methy! [1-(methylsulfonyl)-7,8-dihydro-6H-pyrido[3,4-b]pyirolizin-8-yl)acetate was
converted to the title compound as described in Example 1, Steps 10 and 11, using bis (3,4-
35  dichlorophenyl)disulfide in Step 10.
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acetate (0.15 g, 0.515 nmol) in CH3CN (1.5 nlL), in a water bath. After a
period of 0.5 h, the reaction mxture was partitioned between Et OAc and
NaHCO3. The organi c phase was separated, washed with sodiumthiosul phate,
dried over MJSO4 and evaporated. The title conpound was purified by flash
25 chromat ography. Step 8 Methyl |-

Lrmet hyl sul f onvx) - 7. 8-di hvdro-6H-pyrido[3 4 bl pyrrolizin-8-yllacetate

Met hyl [ 1-(nmethylthio)-7,8-dihydro-6H pyrido[3,4-b]pyrrolizin-8-yl]acetate
was converted to the title conpound as described in Exanple 1 Step 9. 30

Step 9 19, oroe gl -1 -( hvl su nyl.). .7

8- di hvdr o- %BS{%,@B@%% Hgctb r‘%i%?# & Hbe?e@aﬁﬁ i 45@3% D 695 @ 1H),

[ 1- (et hy 4551, AHY, 435 G, 83 3000amOEH . 306,380, [33.54mbirDY3.050kd, ZHI02.80 i, B @lsat € was
converted(I,%gHs_he title conpound as described in Exanple 1, Steps 10 and 11,
using bis , 4 35 dichlorophenyl)disulfide in Step 10. -21 1H NWVR (500 Mz,
acetone-d6) S 8.35 (d, 1H) 7.80 (d, Ili), 7. 35 (d, 1H), 7.15 (s, 1H), 6.95
(d, 1H, 4.55 (m 1H), 4.35 (mEMﬁ@ﬂmDill) 3.30 (s, 311), 3.15
(m 1H, A ; r ]'L % : EXA L VETHOD- 2
fO-1(3.4-Di O Op f “ . =OTF f3
4b|nvrro¥-°41¢|n8yllaceflc aC|d 5|W-I 1(|\/Ethv|th|o) 7

8- di hydro- 6H Ryri dof 3 4-b] pyrrol izin-8-ol 10 To a suspension of
1(n'ethylé g) 6, 7- d ! 3.4-blpyrrolizin-8-one from Exanple
6, Met hod= tep 5 2 pyridols 4 lpyarplizinS-ol 11 (1 nL) was added
NaBH41¢0.10 g, 2. QOHWMP?HSE?!J Oﬁﬁmembp)-@T{bb}’dr@ﬂH@fnw AblpyrroditiniSaoefrom

t enper at Ug@mpleeME@SET 5 svmngﬂﬁiaﬁ%ﬂmﬂmm 1':8%&‘93 d%@@ﬁ%}ﬁ (0.1§€

sol vent s w% gcat under { pressure and O were
~added to % Qé ‘ﬁﬁ L2 BEigd 3@ nﬁ?ré%’é"’%é%nl’?@fi‘é? %&acﬂoamawew@# bijlsos and
evapor at exfditipief acétotiee Thésobventp werm evaparstedvasiereduntd dresktrOdd /FHAG arel IOdvere
filtered. ad&cﬂ@ﬂ:%r&dﬂ@t'ﬂ)élorg%nlt lilase(\ﬂﬁts&\ﬂa{eh'(ﬁ)ed Zveﬁm‘é’s&}’éi&ﬁ Qvagén}‘ﬁtgél M @S
4-b]lp %r olizin- %‘]ﬂgéé suspensi on
1- (rre¥ y| oPgyRd 7va Wﬁ"i“?ﬂ/ ¢ #E’g‘?’faf‘?jﬂféﬂtafe%] pyrrol izin-8-01(0.54 g, 2.1
nmmol) in THE (10 nL) at -78C were added 1M NaHVDS in THE (2.35 nk, 2.4

I di ph d

of 30 m o n'et’hem‘aﬂmﬁf%@%ﬁ’ (Gaihtuo Fgols Lot slondle R 0
mL, 6.8 mmol) wer e ‘A@duacnsiph el Hasthylthie) 8- %XW%%@‘BF%J‘QPWOII%%S@UO&HG’ t hen
to room t2hpenRinFRE (17 me) ai-38°a were\waded t e NaliDS iid TRIREBS5he !, Re afndb ke and
NH4 Cl 20 Teiﬁ%eﬁfl gﬁgﬂgﬁh\ﬁg&%% ¥, %rﬁl uﬁﬂo}? ViHer Q’&%@é‘ of JO' nn% %uge%y?mg[ona\{ea(e 95 %tLe d.

The title conpoun rifi
6.4 mmol) and IM N S in TI-IF (6. 8 mL, 6.8 mmol) were added. The reaction mixture was brought
to 0°C and then to room temperature. The mixture was then partitioned between ETOAc and NH,CL.

The organic phase was dried over MgSO,, filtered and evaporated. The title compound was purified by

_ flash chromatography.
25 _
- Step 3 Methyl [1-(methylthio)-7.8-dihydro-6H-pyridol3.4-b olizin-8-yll-acetate

To a mixture of dimethyl 2-[1-(methylthio)-7,8-dihydro-6H-pyrido[3,4-b]pyrrolizin-8-
yl}malonate (0.59 g, 2.17 mmol) and DMSO (4mL) was added NaCl (0.45 g) in H20 (0.45 mL). Aftera
, period of 18 h at 150°C, the reaction mixture was partitioned between ETOAc and H20. The organic
30 phase was separated, dried over Na2504 and evaporated. The title compound was then purified by flash
chromatography.

Step 4 [9-{(3.4-Dichlorophenyl)thiol-1-(methylsulfonyl)-7,8-dihydro-6H-pyridof3.4-
bipyrrolizin-8-yllacetic acid
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flash chromat ography. 25 Step 3 Methyl f |-(nmethylthio)-7

8-di hydro-6H pyrido[3 4-bl pyrrolizin-8-yll-acetate To a m xture of dinethyl
2-[1-(methylthio)-7,8-di hydro-6H pyrido[3, 4-b]pyrrolizin-8- yl]malonate
(0.59 g, 2.17 mmol) and DVBO (4nlL) was added NaC (0.45 g) in H20 (0.45
m.). After a period of 18 h at 150C, the reaction m xture was partitioned
bet ween ETOAc and H2O. The organi c 30 phase was separated, dried over
Na2SO4 and evaporated. The title conpound was then purified by flash
chromat ography. Sten 4 f9-f(3,4-Di chl orophenyfthiol-I-(nethylsulfonyf-7

8- di hyddr o- 6H ]il,yug &1%:?1‘1@1 h tl
COh‘IpOﬁndr\?\@.S oBy;: ﬁg% eié%m &lﬁ&% (?frgm# *h?ﬂ? Osjjﬁ%%ﬂ; %&I ©
pyri do[ 3,234 hYPlegrlizingylrenis apdespribedin F&é‘@@?ﬁ qdrf. %@Pg 6, Method- 1,
Steps 8 to 9. EXAMPLE 7 5

L-f (3, 4-D chl orophenyl | sul fany11-1- (%@%ﬁ” fonyf-6 7 8
9- tetrahyd D r|d0f3 4- bl i ndohzi n- 9- C aC|d (Compound M C SOzMe N
\ S Cﬁ L0 4aDichlorapheuyhsulfaryl]-(methplaylfs 89 deopyridn[3.4-blindolizin-9-

9- tetrahM@gMndol i zi n- 9y| I acet ate The title conpound was
prepared fromthe product of Exanple 6, Step 3 in the same manner as

described in Exanple 1, Steps 5 to 9. Step 2¢f 10-f(3

4- Di chl orophenyfsulfanbll 1- (et hydosud! f on 6 7 8 9-tetrahydropyri do[3 4-
GiStep 1 was converted to the

anple 1, Steps 10-11, using bis

title conpound in the sane manne; a
(3, 4-dichl orophenyl)disulfide in T h&HMF1=485. 20 EXAMPLE 8
(4- (Met hyl sul fonyb-5-{ f4-(trifluoro yl)phenyl Ithio}-6 7 8
9-tetrakydropyr dof3 2-blindolizin-6- yl)acetic acid (Conpound N) SOpMe
S'\ [ F3
10 Stepl Ethyl [1-(methylsulfonyl)-6,7.8.9-tetrahydropyridof3.4-blindolizin-9-yl]acetate
The title compound was prepared from the product of Example 6, Step 3 in the same

manner as described in Example 1, Steps 5 to 9.

Step 2 10-{(3.4-DichiorophenyDsulfanyl]-1-(methvlsulfonyl)-6.7.8,9-tetrahvdropyrido[3.4-

15 blindolizin-9-vllacetic acid ‘
' The product of Step 1 was converted to the title compound in the same manner as
Example 1, Steps 10-11, using bis (3 A-dichlorophenyl}disulfide in Step 10.
MS M+1=485.

20

The title compound was prepared as described in Example 1 using bis[4-
trifluoromethyl)phenyl]disulfide. '
1H NMR (500 MHz, acetone-dg) 3 8.55 (d, 1H), 7.75 (d, 1H), 7.45 (d, 2H), 7.15 (d, 2H), 4.55 (m, 1H),

4.15 (m, 1H), 3.80 (m, 1H), 3.30 (s, 3H), 2.80 to 2.10 (m, 6H).
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N N COZH 25 The title conpound was prepared as described in Exanple 1
using bis[4- trifluoronethyl)phenyl]disulfide. 1H NVMR (500 MHz, acetone-d6)
S 8.55 (d, 111), 7.75 (d, 111), 7.45 (d, 2H), 7.15 (d, 213), 4.55 (m IM
4.15 (m IM 3.80 (m IH, 3.30 (s, 313), 2.80 to 2.10 (m 611). -23 Mz
513 (M+l). EXAMPLE 9 15-f(2-Chloro-4-fluoro

henyl )t hi ol -4-(nethvlsulfonyl)-6 7 8 9-tetrahydropyridol3 2- 5

bl i ndoli zin-6-yllacetic acid (Conmpound 0) C1 So2Me | S F N N CO2H The
title conpound was prepared as described in Exanple 1 using bis(2-chloro-4-
10 quorqP 1sulf|de mz 469 (M+1l). EXAMPLE 10

14- (Met hyl su ony )-5-(2-naphthylthio)-6 7 8 9-tetrahydropyri dof3
2-blindolizin-6-VI lacetic acid 15 (Comop and P) SOZMe NN COZH The
title conpound was prepared as descraxpgdpeipi Exanpl e | using di (2-naphthyl)
20 disulf 67 (M-1) . E.11 .
f5-f(2, 3[%ﬁgﬁ?g%%%lufm&%gk#%#§§§¥EH H% Syl =fet r ahydr opyri do[ 3
2- bl i Ado/Hindeiza-Saeeaeedid( Coppound O} i a SOzMe N N COzH -24

_ The title compound was prepared as described in Example 1 using bis(2-chloro-4-
10  fluorophenyl)disulfide.
mlz 469 (M+1).

EXAMPLE 10
[4-(Methylsulfonyl)-5-(2-naphth

15  {Compound P

ido[3,2-blindolizin-6-y1]acetic acid

The title compound was prepared as described in Example 1 using di(2-naphthyl)
20  disulfide.
' M/z 467 (M+1).

EXAMPLE 11
[5-[(2.3-Dichlorophenyl)thic]-4-(methylsulfony])-6,7.8.9-tetrahydropyridol3.2-blindolizin-6-vl]acetic

25  acid (Compound (N




The title conmpound was prepared as described in Exanple 1 using bis(2,3-

di chl orophenyl )disnlfide. Il NWR (500 MHz, acetone-d6) S 8.85 (d, 1M 7.80
(d, 111), 7.30 (d, 1H, 7.00 (t, 1H, 6.60 (d, IM 5 4.60 (m 1H, 4.20
(m 1H), 3.80 (m 1H), 3.40 (s, 311), 2.80 to 2.10 (m 6H). EXAMPLE 12
f5-f(4 Methyl phenyl)thiol 4{nmethvlsulfonyn-6 7.8 9-tetrahvdropyridof3
2-blindolizin-6-yllacetic acid (Conmpound R} SO2Me S CH3 'rN --'OCH 10
The title conpound was prepared as described in Exanple 1 using p-tolyl
disulfide. I1HNW (500 MHz, acetone-d6) S 8.55 (d, 1H), 7.80 (d, 113), 6.95
(m 41-1), 4.60 (m 1H), 4.15 (m 111), 3.80 (in, 1H), 3.35 (s, 311) 2.80
to 2.10 (m 6H). 15 EXAMPLE 13 f4-(Meth Isul fonyl)-5-(phenylthio)-6 8

9- t et r ahydr opyr i doFi® tie ppmimedes] Wasiprep@ed/4s daecaibiddn Bximgle(1Qsinp bis@d-  S) SO Me N N
CQZH The dichiolophengiipaufag. Was prepared as described in Exanple | using

oty SR (300 g otk PR3 (38, 16 1, 2T 1300 D)2 ok o 8D 7

3.30 fs, 4@91}m 13D 820t (o, BD1H3Y (mn, 116]—9* A0 E)XIHUPL. 80 1©2.10 (m, GH).
f5-f (2. 4-Di chl orophenyfthiol - 4- (net hvl sul fonyf-6 7 8 9-tetrahydropyndof 3

2-blindolizin-6-yllaceuc 25 acid (%&@ggnd T -25a s®Me SCA i C NN
CO2H The t|tIe corrpound was prepar ri bed in Exarrpl el u5| ng
bIS(2 4- : i enyl gidok3-i

10
The title compound was prepared as described in Example 1 using p-tolyl disulfide.
1H NMR (500 MHz, acetone-dg) 8 8.55 (d, TH), 7.80 (d, 1H), 6.95 (m, 4ED), 4.60 (m, 1E), 4.15 (m, 1H),
3.80 (m, 1H), 3.35 (s, 3H), 2.80 to 2.10 (m, 6H).
15

The title compound was prepared as described in Example 1 using diphenyl disulfide.
20  1HNMR (500 MHz, acetone-dg) 5 8.55 (d, 1H), 7.80 (d, 1H), 7.15 to 6.90 (m, SH), 4.60 (m, 1H), 4.15

(m, 1H), 3.75 (m, 1H), 3.30 (s, 3H), 2.80 t0'2.10 (m, 6H).

EXAMPLE 14
_ [5-[(2.4-Dichiorophenyl)thio]-4~(methylsulfonyD)-6.7.8,9-tetrahydropyridof3,2-blindolizin-6-yllacetic
25  acid (Compound T)
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1H NMR (500 MHz, acetone-d6) 8 8.55 (d,1H), 7.85 (d, 1H), 7.35 (s, 1H),
7.00 (d, 1H, 6.65 (d, 1H, 5 4.55 (m 111), 4.15 (m 1H), 3.80 (m 1H),
3.35 (s, 311), 2.80 to 2.10 (m 613). EXAWPLE 15

F5- F(4- Chl or onhenvDt hi ol -4- (et hvl sul fonvl )-6 7 8 9-tetrahydropvri do(4
3-blindolizm6-ylacetic acid (Conmpound Th SO Me s 002HC N/ N 10 The
title conpound was prepared as described in Exanple 1 from 3-

chl oroni coti nal dehyde (Heterocycles p. 151, 1993) except the term nal
cyclization was perfornmed by adding the azide to decalin at reflux. 1H NWR
(500 MHz, ‘acetone-d6) S 9.20 (s, 1H), 8.8p (s, 1H), 7.20 (d, 2H), 7.00 (d,
2H), 4.70 (m 1H), 15 4.30 (m 1kbwme3. 75 111), 3.35 (s, 3H), 2.80 to
2.10 (m 6H). EXAMPLE 16 T9-F(4- ﬁMo %@—H}hi ol -1-(nethyl sul fonyl)-7
8- di hvdr o- 6H pyri doF3 47MM Mhzi jpcet acid (Compound V) S&2Me N S
Cl 20 CO2H The title compound § Ph ogqomthe product of Exanple 6
Method 1 Step 8, as described in thé ppocedires outlined in Exanple 1
Steps 10 and 11, using his (4-chlorophényl)disulfide in Step 10. -26 1H
NVR (500 MHz, acetogne-d6) S 8.25-8.3 (m 113), 7.71-7.75 (m 111),
7.12-7.17 (in, 211%hetigle gqmppugrhwasprgp @)descnb@anﬁxa@ple(lmsmgmw~4 32-4.39 (m
111), 3. Mﬂ@@enylmmulﬁm) The3lialid¢ was Bdphied HBmPH-Behbothioptbiyd hsingZBi 9% etBer08 (M
111), 2. GﬁM%obmzlécl&me&)é%"sg(cﬁﬁ{)(ms & fl%) 7%(%54%"3165(&351) 6.65 (d, 1HD),

(-)-f%4 Chl or obenzvl [ - 7-f[ uor o- hanesul fonyl

4-t et ah%éﬁé‘é«ﬁ@dﬁér{@aﬁﬁl$ml@aﬁ'ﬁﬁ@c@&%&f@ﬂ@@@ﬂpound E) F\ ~ COzH
O= S=0 10 CH3

llacetic acid

(Compound 1)

10

The title compound was prepared as described in Example 1 from 3-
chloronicotinaldehyde (Heterocycles p. 151, 1993) except the terminal cyclization was performed by
adding the azide to decalin at reflux.
1H NMR (500 MHz, acetone-de) & 9.20 (s, 1H), 8.85 (s, 1H), 7.20 (d, 2H), 7.00 (d, 2ZH), 4.70 (m, 1H),

15 4.30 (m, 1H), 3.75 (m, 1H), 3.35 (s, 3H), 2.80 to 2.10 (m, GH).

20 . COH

The title compound was prepared from the product of Example 6 Method 1 Step 8, as
described in the procedures outlined in Example 1 Steps 10 and 11, using bis (4-chlorophenyl)disulfide
in Step 10.

-26~



Step 1: (+/-)-(7 Fluoro-1.2 3, 4-tetrahydrocycl opentafblindol-3-vl)acetic
acid ethyl ester. F COZEt N H A solution of 10.00 g of
4-fluoro-2-iodoaniline, 6.57 g of ethyl 2-(2- oxocycl opentyl)acetate and
121 ng of p-toluenesulfonic acid in 100 mM of benzene was refluxed with a
15 Dean-Stark trap under a N2 atnosphere for 24h. After this tine, the
benzene was renoved under -distillation. Then, 60nl of DWP was added and
the solution was degassed before 19 m of Hunig's base followed by 405 ny
of Pd(QAc)2 were added successively. The solution was heated to 115C for 3

o and S60RIE gb R S IR BA5 T 1 UGB .t TR 0B S P Wr e
t hrough GelZthet45R (phEDes 30 8%8(ns AR BAB-030 and H),Be2ods i3d), 6. 15323 €m 200 Wem)-

extract ed gk Wh Gen W I gpcetate. The organic |ayers were
conbi ned, vvams]’hg) éﬁ@hﬁq&ﬁ?zﬁdzr @y over anhydrous Na2SO4, filtered through
Celite and concentrated. The crude material was further purified by flash
chromdit ography eluting with 10096totmgm@LBQp provide the title conpound. 'H
(vag (i(]:-_e E l_lo obe l.: - - I'%—S- 111 | %Zde | d 1 lope J‘.’.n intdo ’3,- f}" 36 /8

S 111), 1. 2"u"“'9). 25 Step 2. (+/ ) - (7 Pluoro 1, 2 3
4-tetrah)drocycl opentaf blindol-3 yfacetic acid COZH N H -27 To a
solution of 1.24 g of the ester fromStep 1 in 14 nL of tetrahydrofuran
(THF) at roomtenperature, 7 nL of Me followed by 7 nL of 2N NaOH were

added. After 2.5 h, the reactionF . Wa§uypoured into a separatory
funnel containing ethyl acetate ( N H& . The phases were separated
and the acidic phase was extract eqb_e.g hth Et QAc. The organic |ayers
ver ejgonmbi ned, 5 washed, with brinegudrix er anhydrous Na2SO4 and

evapor at o dry | used as such in the
next ste%g{é%%p 2 ; VR et otre a0 ¢ i S a’ gt g 77 (br
s, 111), 7..34 (dd, 11- 1) 704(dd 1H) 79(td Il\/l 3.56 (|n 1H),
2.90-2.50 (in, S5H), 2.16 (m lH) Clroz 232.2 (MH-. 10 Step 3:
(+/-)-(5-bronmo-7-fluoro-1,2, 3, 4-t drocyﬁopenta[b]lndol 3 yl)acefic
acid F CO2H H

A solution of 10.00 g of 4-fluoro-2-iodoaniline, 6.57 g of ethyl 2-(2-
oxocyclopentyl)acetate and 121 mg of p-toluenesulfonic acid in 100 ml of benzene was refluxed with a
15 Dean-Stark trap under a N, atmosphere for 24h. After this time, the benzene was removed under
distillation. Then, 60ml of DMF was added and the solution was degassed before 19 m! of Hunig’s base
followed by 405 mg of Pd(OAc), were added successively. The solution was heated to 115°C for 3 h,
then cooled to room temperature. To quench the reaction, 300 m! of 1 N HCI and 200 ml of ethyl acetate
were added and the mixture was filtered throngh Celite. The phases were separated and the acidic phase
20  was extracied twice with 200 ml of ethyl acetate. The organic layers were combined, washed with brine,
dried over anhydrous NapSO4, filtered through Celite and concentrated. The crude material was further
purified by flash chromatography eluting with 100% toluene, to provide the title compound.
"H NMR (acetone-de) 8 9.76 (br s, 1H), 7.34 (dd, 1H), 7.03 (d, 1H), 6.78 (1d, 1H), 4.14 (g, 2ZH), 3.57 (m,
1H), 2.85-2.55 (m, 5H), 2.15 (m, 1H), 1.22 (t, 3H).

25
Step 2: (+/-)(7-Fluoro-1,2.3 4-tetrahydrocyclopentafblindol-3-yDacetic acid
E
N COH
N
H
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4 (+H)

NP Br HTo a solution of 2.20 g of the acid from Step 2 (>90% purity) in
30 mL of pyridine, 6.85 g of pyridiniumtribromde (90% purity) was added
at -40C. The suspension was stirred for 10 min at 15 OC and warmed to room
tenperature for 30 min. Then, the solvent was renoved w t hout heating under
hi gh vacuum The crude material was dissolved in 40 nL of AcOH and 2.88 ¢
of Zn dust was added portion wse to the cold solution at 0C. The
suspension was stirred foi 15 mn at 15C and warnmed to roomtenperature
for an additional 15 min. At this tinme, the reaction m xture was quenched

py the acdition Ofolbich £19: 4B f Mabih s, AU SR BGas AR A 0Ly |
| ayer wasRRLPa2Re hmlef MeOHplloned byt P’é@f N MrOH minp dddsd s Afer 2S5y the agaction
concent r amistire Wisipsuratiinral sé}iara%ﬁfuﬂﬁ@ebn ViidikpQietly] {cuibde f(@cOAB}HN ficc atk E&;&s et e

S0 0yl U B e il iy
2l r‘i\}%ﬁ e"cﬁ‘fF‘&‘P’b\fS’g%‘iW %—4@}1@%}@2;5% g dumﬁgetoryeﬂlfl ygvﬁr{;@ﬂ s

pent af bl Iﬂ’kéﬂ)is-sﬁchﬂﬂaen@@&&;l@@% ity COZH N Br \ / C To a solution of 2.13

g of the 1 di azonet hane in
et her vvaslﬁgﬁ‘gkéz[c %ﬁﬁ%}i&@oﬁ%ﬁn Fﬁ"’éi Eﬁégﬁg&ﬁpﬂboﬁg%(\%tlﬁ%ﬁg&(ﬂ BB, 3.56

noni t or edo HDTR-80-2.580n, THY 3,16 (hd EBoMBENPEIuae 2832 20bHEd under vacuum To a
solution of the crude rrethyl ester thus fornmed in 20 nL of AMF, 539 ng of a
NaH sysp sion (60 -78C, The suspension was -28

sti rr%bzl ggorp—io mn t)re% égﬁfgraal%gsazgﬁ thydroexsiepenalblindelBrdiacelie 09id 1. 70 g of

4-chl orobenzyl brom de. After 5 min, the tenperature was warned to 0C and

the mxture was stirred for 20 mrg. At is time, the reaction was
guenched by the addition of 2 nmL of Ac ®Mhi s m xture was poured into a
separatory funnel containing IN H QAc. The layers were separated and

the organic | ayer was washed with 5Bbrine, dried over anhydrous Na2SO4 and
~concentrated. The Hbkydllaioﬁdfmmgﬂﬂ@acmﬂm@rz%%ﬂnﬁﬁ'm;:EIDS"f &19&%@5”9

dencr e g vl OB 05 A BB et
10. 70t5( br0°G andpygrmedzto g@n‘(t@npeglil@?, foy 3Q:9in( @hen] tH sol2nOBas feinovad-yithot, Iﬁﬂmédpdeﬁ 1 1)
5 90 ( d, highthcuubs. THe drétie ndiedi)l, wad afddolvedin DAL, of AcBBagd 793 QBZn:ﬁ'L;t)was Zaa6p (dd,
3%0&1%9 wlsé‘w the coId2 80111{1([;9 at ?)!é "The susgensmn wasF')sC d t[g 125 nlzlmgt 15°C and warmegd to H
room temperature for an additional 15 min. At this time, the reaction mixture was guenched by the
addition of 1N HCI and this mixture was poured into a sepafatory funnel containing brine/EiOAc. The
20  layers were soparated and the organic layer was washed with water, brine, dried over anhydrous NazSO4
and concentrated. This material was used without further purification in the next step,
"HNMR (acetone-dg) 8 10.77 (br s, 1H), 9.84 (br s, 1H), 7.09 (m, 2H), 3.60 (m, 1H), 2.95-2.65 (m, 4H),
2.56 (dd, 1H), 2.19 (m, 1H).

25 Step4:
acetic acid

To a solution of 2.13 g of the acid from Step 3 in 10 mL of THR, a solution of
diazomethane in ether was added in excess until complete consumption of the acid as monitored on TLC.
30  Then, the solvents were removed under vacuum. To a solution of the crude methyl ester thus formed in
20 mL of DMF, 539 mg of a NaH suspension (60% in oil) was added at ~78°C. The suspension was
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8=5 : (+)-[5-brono-4-(4-chl orobenzyf-7-fluoro-1, 23

4-tetrahydrocycl oyental bli ndol -3- yllacetic acid F ,,002H N Br \ / cl 15
To a solution of 2.35 g of the acid of Step 4 in 130 nL of EtOH at 80C, was
added 780 L of (S)-(-)-1-(1-naphthyl)ethylam ne. The sol ution was cool ed
to roomtenperature and stirred overnight. The salt recovered (1.7 g) was
recrystallized again with 200 nL of EtOH After filtration, the white
solid salt obtained was neutralized with IN HC and the product was
extracted with Et OAc. The organic |ayer was vvashed wi-th brine, dried over
anhydr oug; NaZzSG4, te s.fil.tered aver a pad
of SIi2 Ey el uti r?%%d;ﬁ%%@&é%w 7??(158 drv‘"?‘ltl o\gﬁlérl?h“gjne Fb'ﬁ"%éentl on
tinmes ofSfehrminghe Erperaius ep @favmﬂév Q°€»‘§p¢-@9 Poiriuire was stiured far 2{Hoing Axthisitime, the

[ C:’u r al Padactfil v® hubithed BEha idikidn o2 a:n@ggl:/a&mﬂmg na@.;rsiwﬁs%uéd thicld depardthly mMOT €
ol ar en e e = %
[chi ral p%a’glﬂﬁ Gl T RS o i ‘ﬁeé%%?ﬁ%fa%eﬂﬂﬁ BB ey eshed
(75: 2 8- 0] BEe, mmﬁﬂggggs ]?ja 4fncbcon%giﬁd The rgaterial was hydrolyzed using the
(-)-[4- (ﬁrcﬁéﬂuwda&ﬁwﬁs%ptlm&rdénﬁﬁﬁhhayﬁﬁﬁérp&%dlb tritdratorfkpitnet r ahydrocycl o
enp tafb%%a dol aci d d sodium sal t Tﬁe acid fromStep 5
(15.4 g) ‘é eix?ngftoé’g‘{vggﬁ?ltlgﬁc‘ﬁ@ﬁ“ i azonet hane. The sul fonyl ati on was
~acconpl | SREYTb{estangidpLp 1078 (st BD. TRUE: 38y T D066, 3 1), 6672 (2B A8 Sdl T i ni ¢
aci d Sodl1H§n531al(ct 1879, 61&9,1319 32)0@7@‘(::1,% 469 (ah,TEN 238 () by b et ghﬁ‘%éf( The
susp ggt%assgsd er a flow of N2, heated to 150C and stirred for
%gﬁﬂngﬁ %?4 rﬁ\iﬁ)ﬂperature. To quench the reaction, 500 m of

et hyI acet ate and 500 ml of hexanes were added and the m xture was

{11t er edsisouah ot o BUBIO LM Ao P2 Yid opedliBRioan C
phases wey.e concentrate € crude oil was dissolve —washed
three ti fE8H9E water one time with brine, dried over anhydrous Na2SO4,

at erial was further purified by

filtered and concentrated. The crude
flash chromat ography el uting w th~2"¢ ent f,y om 100% toluene to 50%
toluene in EtOAc, to provide 14 g g e sl foﬁ)nated ester, which was

hydr ol yzed using 5 the procedure d sce, Step 2. The title conpound
was obtai ned after two successive re'cryst ‘i zations: isopropyl acetate /
hept.ane foll owed by CH2C12 | hexanes. 1H NWVR (500 MHz acetone-d6) S 10.73
(br 45 111), 7.57 TaksoRfierlof 2B5§.08 theladid of/BtPlU ih M30 tikipf E+OH20 8¢° Q) wik kfided 780 84

(d, 2H, ;lt%f &)- ig &pﬁtﬁ}élfeﬂljylaﬂnﬂ Tﬂés'ﬁlr?]hzn \?aslé%gkéd tg gJ % é[gpe Mo 5?]51355“%’742 I(—|(zj 21

Jinaiiten e

TH J 1 18V glE @32 éecgverqil)(i 7 8) was rmsmg%d agg}g withRARQ iy tOH After filtration,
the white sohd salt obtained was neutralized with 1N HCl and the product was extracted with EtOAc.
The org_amc layer was washed with brine, dried over anhydrons NaSO4 and concenirated. The material

20 was filtered over a pad of 8i07 by eluting with EtOAc to produce the title enantiomer. Retention times
~ of the two enantiomers were respectively 7.5 min and 9.4 min [ChiralPak AD column, hexane/2-
propancl/acetic acid (85:5:0.1)]. The more polar enantiomer was in 98% ee.
ee = 98%; Retention time = 9.4 min [ChiralPak AD column: 250 x 4.6 mm, hexanes/2-propanol/acetic
. acid (75:25:0.)]; [0 = +39.2° (¢ 1.0, MeOH).

25 .
Step 6: (-)z[4-(4-chiorobenzyl)-7-fluoro-5-(methanesulfonyl)-1.2,3 4-tetrahydrocyclopentafbl-
indol-3-yl}acetic acid and sodium salt

The acid from Step 5 (15.4 g) was first esterified with diazomethane. The sulfonylation

was accomplished by mixing the ester thus formed with 16.3 g of methanesulfinic acid sodium salt and
30 30.2 g of Cul (I) in N-methylpyrrolidinone. The suspension was degassed under a flow of N3, heated to

150°C and stirred for 3h, then cooled to room temperature. To quench the reaction, 500 ml of ethyl
acetate and 500 ml of hexanes were added and the mixture was filtered through a pad of S0, by eluting
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10 MHz acetone-d6) 8173.0, 156.5 (d, Jc=237 Hz), 153.9, 139.2, 133.7,
133.3, 130.0 (d, Jcj=8.9 Hz), 129.6, 128.2; 127.5 (d, JcF=7.6 Hz), 122.2
(d, JJ=4.2 Hz), 112.3 (d, Jc29.4 Hz), 111.0 (d, J22.6 Hz), 50.8, 44.7,
38.6, 36.6, 36.5, 23.3. M5 (-APCl) mz 436.1, 434.1 (MH) ee = 97%
Retention tinme = 15.3 min [Chiral Cel OD colum: 250 x 4.6 mm hexanes/2-
propanol / et hanol | acetic acid (90:5:5:0.2)]; [a]D21= -29.3 (¢ 1.0, MOH).
175.0C. 15 The sodiumsalt was prepared by the treatnment of 6.45 g (14.80
mol ) of the above acid conpound in EtOH (100 nL) with 14.80 nL of an

?ﬂgeg‘rjﬁ q so s;[%e %Irté.'!mqg]%qa;regg'er%rcg%gxlﬂ_teﬁoh\{eec%de 0% %vas 5 e cﬁmﬂ'i’ﬂtg) al%ﬁum and
The fin ngr g Hie ddh prnesdripd et g yﬂﬁ"g"c ]1842!39&11 @W’eéfmdc ‘f?é"%%t?ﬂe nt. The

sodi um sahé cr@deyﬁt@iai Wb @ahtHeyp unﬁétpljy 0igh &Rorhdto Eﬁsﬁez Shmlal ﬁntSfaﬂi Wwiwsal t was

suspende roze c h|| nder hi gh
vacuum t gc’l“geln‘?/!;%?% bdolpsnp F@%ﬁ%‘aﬁ‘ﬁ&‘d&é@ %é}') Blg?nﬁﬁg &%y Wﬁ@ﬁ" g

DVBO- 86) the proceire(ddetribadin S@:p 28TH: tide compondd Basikibipined aftr tv(mts:ces_sﬁe J| =9.7 Hz,
J2=2.6 Heyystallizationg Boprdpyl acethzd héptdrz YolloGed/ B (ﬁI%Clz?J'llxexaheﬁ 4 Hz), 6.06 (d, 111,

(111 S Sb Ol ey 30 3385 s ey 57 e o iy, T st B 7

J1=14. 4 Big4 () 2HI=3.8Hz), 6.22 &1, BXAMRIES BZ529 (de tidlli=Ves ﬁlzb&.eﬁl(m AH, G198 (s+BH)) -

Igt Pf0m244(ﬁ1@?|ﬁ5@%%¥ﬁ)7z§i @gglékgmiﬁw =103 Ha), 227 (m, IH%BC Step
(20y 0 780,055 a{%/ry%?ﬁ&%éﬁ%%éﬁ? k55, b ueled s,

d | oh , 428,71 827. (D(Hﬁé?ﬁiﬁ)llzmm,mﬁﬂs)olmtﬂ(dﬂ 9.4 Hz), 111.0 (d, Jop=

2I (l;?lgrrg ;i?iyg)qgarygiltﬁl B5X4he R @ N3 1%4'9 Eﬁ% o)xocyoc(l oper?%;ﬁ/l)
acetate (1. qe ,ﬂﬁ??urlc aC| ? eated to reflux for 20
hours. Wtar’ QQGOW@%’%@&W‘* R Zappar at us. The

reacti onpmpsmrlenlhahdmmg&dmﬂ mmb} b8 = -203°351.0, 0. Bip 1890°85% conver Si on to

th ired ini t,
it e was washod oy iy Sl pidRRedl M anbu Q595 L Bk a0 B 800 °

and t he BpRRRdin EIOIECPORL) Wills14RPapforian agpeous il NaShsohtiay Bliprorgsninandveny \gqsl | | ed
under vasutismd(Rdd vismmig)d thikaadeduid wat\lisestes in RSHH 1£dpﬁiﬂymcoﬁﬂ€indet f&zﬂﬁix @hﬁeSS

ket one agg, y&ﬁﬁ@&&sﬁgdu@gy {’15%%%’1 cgﬁ[g‘a’t?&"o‘?@%golvem tlhn% é ot scl) %ﬂg'f& bgr | i qui d

imne was recovered 1nt I on as

wi th 839699tirg toyt- The quigalling spdivm salteyassespended %Iso,tfmw w@kma@v !CG bahagased
m Xt oo e I}'f)plmweﬁﬁrﬁ!eﬁﬁglﬁﬁ&iuaiteg(v3ﬂﬁﬁile conipeﬁnrdas the badsh geoni um chl ori de

nonohydr g4 t IN- t am de
(final conlglé'j%{t](r atlon ?fgbazr% ne = g%‘%‘k/?&’?ﬁg%%zgtt?%d r‘H’ldk iﬁ!wa’a% eat ed
to 115C Hpef-35(dndh/s8-4Ha)- @V@@v@alf%fl Eew$.08 @, HdnriB9Hex 2F@del LIN=KIH (3-eq)
was t henHgxlsieglxanH), BJo8 (N3N 2UB@(m, 1H), 2.69 (m, 1H), 2.55 G, 1H), 2.18 (m, 2H), 1.93 (dd, 1H,

Jy=14.4 Hz, J.=9.7 Hz).

25
EXAMPLE 17A
Altemative procedure for (+/-)- [5-bromo-4-(4-chlorobenzy-7-fluoro-1,2.3.4-

tetrahydrocyclopentalblindol-3-vllacetic acid (Example 17, Step 4)

30 Stepl: {(+/-)-1-fluoro-1,2.3.4-tetrahydrocyclopenta[blindol-3-yDacetic acid dicyclohexylamine
. (DCHA) salt
A 0.526 M solution of 2-bromo-4-fluoroaniline in xylene along with ethyl (2-
oxocyclopentyl) acetate (1.5 eq) and sulfuric acid (0.02 eq) was heated to reflux for 20 hours. Water was
azeofropically removed with a Dean-Stark apparatus. The reaction was followed by NMR and after 20
'35  hours, an 30-85% conversion to the desired imine intermediate was generally observed. The reaction
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was stirred at roomtenperature for 1 hour. The reaction m xture was
diluted with water (1.0 volune), 10 washed with tol uene (3x0.75 vol une).
The aqueous phase was acidified to pH 1 with 3N HCO and extracted with
tertbutyl nethyl ether (2x0.75 volune). The conbi ned organic fractions were
washed wth water (0.75 volune). To the clear |ight brown solution was
added di cycl ohexylam ne (1 eq) and the solution was stirred at room
tenperature for 16 hours. The salt was filtered, washed with ethyl acetate,
tertbutyl nethyl ether and allowed to dry to give the title conmpound.

557 Sl ] LV 0o R 5 B S Tt fy i

2 88 2 7 0vasevrporated: The penginggkup wasidistiliad upBera@imy((B mitBlg). ResibBal 2yleiss ( m
2 05) 1. dissilled 4 30°¢] thbn exbesd ¥etdr@d anddldactdd Britink whid réd@/erécl%).he%o—:iﬁréréa&e @o 611).

( +/ ) '(5 BRSNS sevPTeg inthe 119-180°% Fraction s 5 light brpep Slsartianic it $3B puty.y | ) acet i ¢
acid 20 A slurry ofTh¢indndd@kiivediate was themadStdap a degalzd wextir ofjpocddivn aeBicRag,

(0. 241 Migal dﬁ{%m&iﬁlﬁnct@&ﬂk%n&h?dmtg@l aﬂa&uﬁiac&é%g&ﬂs% &@‘3@1 )qwas added

in one shot t urry was_.adde ro W se X over 30
Lo 45 m AP ArerRs maﬁ‘gn‘teri Afming =365 B¢ Theaspctiopanigturg vgs hemdel)lé
about 1/ JFoUeitsiaghaltvived toontl me:;oom hmlpmaﬁ:t B9 Kom (B kidroens MRS added 6N ttandxtan

ef fici enty.gtddel 'aﬂgoﬁﬁ@énp@ﬁﬁgqgr 1 hom Q‘Hé Makihy ?fﬁ? ?g%ﬂlte&‘ @%h ?thr rii b?él?xﬁ@ o5

brom ne, the m xture becane. "l oose" agal n

addi tT0on,Wasleed With taleng BxGS yakes)vide a@@% phase wesrrsidifigd tan hwth AOUFlad - 15 C
Acet i c ackighcfed with teethuty] malsy] ethdr€Ix0dd dalthng)y Fhe Snibinddlb@fiEtidk RereWasted ( 3. 04

e was t | | . 71 Ne 15, C.and the
mq X% ur e Vﬁ%@gﬁé w)oﬂlﬂqbw 'I%qhe c(lé%‘r {?@E ﬂljo?ﬁ;so?r{hoi?i dﬁ‘ad[sdlciy%fgﬁe&%%aﬁ% Fl rﬁ%g%o i ng
(about f?}““‘(’i‘ Wag stitieg apgopm teP}PF@t“Eﬁf@i' Kothourp Ihagaltrwaq@ Eliered] vshed witlhol a®taghot s of
zi nc oV enerthhiyLihetB efiierind YWend QiryiBe dRX0E Elﬁ:ﬁlﬁht&ﬂaﬁss S@Nﬂﬁd t he renaini ng

e ! i Cooief coBAS JNDLE BT B0 e A0 B CHE S BeRo 23 oom
t enper at dFé 3045l (2 2Rt FE-RTm: 3k 2 A¢ {81868, 2453 Tr (i DL 13- 2% U R85 MAS3

swi t.ched @, a}mﬂtﬁhyd 2H§,11156§1l43©hhﬂ*1) 1(9MNBE. (06, vol une) and a 10% aqueous

acetic acid solution (0.8 volunme) was added. The m xture (crystallization
of salts, e.g pyridiu was aged at roomterrperature for 1 hour and
filter edﬂ%@ough so/-E-rome-7-fiwpra- 13 Jef-tetfahudrbdye ctios ith MIBE

( c? 2. g jLvol une) amluhp Sftilé bmatsﬂt fedth PBRE itsove il}{lﬁﬁﬁoﬁﬂiéﬁﬁﬁts(t hb zdmt s&lﬁ@o%gas‘sr red
into - wal er
vol une) - SRR RSP, PG ORURTEs P o Shon ASC Sl e Ny
al cohol fromige @5 2@5) st %ﬂﬁ?)ﬁ minutes yein@ining fe tetperaoonipoveed 208 aed 1 5(°c 753
Vol Unes) a¥@s Ilgdtﬂﬁtiimaiﬁ Brofhi@, t%%&hoﬁ/\ﬁ&t\m il and aﬁ"ﬁﬂ&cnt ﬁﬂﬂﬁé vRA&eyat er
(0.33 volu \Af%ﬁaﬂgf% ef; glr After conpl etion of” the water
addi ti on, ff“he bE 2 %‘8’6 DEPRR e DT PSAmET: “IpRSEI 2R |Afist compleBongldher | nse
Wi t h 230/ FolitiaeAhywacsion foixturs wosgerhfiosdne ad@iegblctiol az elb 0y dwerakid (AGiseqdwaed i n
t he 0Venﬂﬁﬁadﬁ4450@r5m§1u€‘d§m§l dust (3.04 dded
f 5- br ono- ggl ct}ijﬂ?r obenz‘x zmc us é §q wasa 4-pt°énto?lw r'ao((j:ﬁ\/IJ fugngfnztmé:f%af F%d§%| 3-y
Il- acetf C € mixiure was’a ed for al out minuies to ensure that the exotherm was going (about -15
°Cto-10 °C)) This operation was repeated with about 5 shots of zinc over about 30 min. When no more
exotherm was observed, the remaining zinc was added faster, The whole operation took around 30 to 45
30  minutes.

After completion of the addition, the batch was warmed to room temperature, aged 1
hour and concentrated. The reaction mixture was switched to methyl t-buty! ether (MTBE, 0.8 volume)
and a 10% aqueous acetic acid solution (0.8 volume) was added. The mixture (crystallization of salts, eg
pyridium) was aged at room temperature for 1 hour and filtered through solka-floc. The pad of solka-floc

35  was rinsed with MTBE (ca. 0.2 volumne) and the filirate (biphasic, MTBE/aqueous) was transferred into
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The bronpacid of Step 2 was dissolved in dinethylacetam de (0.416 M
solution) and 10 cesium carbonate (2.5 eq.) was added in one portion. To
the slurry was added in one portion 4- chlorobenzyl chloride (2.5 eq.) and
t he batch was heated to 50 C for 20 h. The batch was cooled to r.t. and
sodi um hydroxi de SN (4.00 eq.) was added over 5 mnutes (tenperature rose
to +40 C). The reaction was aged at 50 C for ca. 3 hours, cooled to room
tenperature and transferred into an L extractor. The solution was diluted
with isopropylacetate (I'PAc, 2 volunes) and cooled to +15 C. The 15

Sol ut | on f8Red S LR AN L B Bl s hANBE S HEfPnB BRALALE and the

or ganl c | ayer was utlion was

concentré@@@mﬁmﬂ@ﬂMWWWﬁM°§@WWE¢@@@dS PgPrsalyme)do crpstaflize Hielcpmpoupd Vperoduct .
Vater (8 (b}s vmnaaﬁ@dd@u%d the bh@iAIvins agdd fdrh Bolal EduioNaiSvatdr (0, BVaRmbS) wik ¥Red he
t2:)t :E)e(AI\/PI?EP quollr_‘_ f}_% bp tt?orrlx o ngt%r a dlthIq, tlltteq)att«:l;| (\?vasoa}/gg fm?‘ ct)ne-;écg tio%alf h%{n %ft‘erp urs.
1-(4- @hl@ﬂbpﬁ@ﬁ@hﬁ@ﬁﬂﬂﬂmﬁyaﬂﬂp&@Wﬂmgﬂhékwwﬂkmﬂhwmmmﬁﬂﬁm dried intthe exer altwidPGcycl o
pent af bl i ndol - 3- yl }acetic acid(Conpound X) F C0O2H N 01-S CH HaC s.C The
title conpo nd was ( ) | ovi ded
in PCT 03106272606 SHetc 30 S ERANPEE T
(+/-)-fOatatic@ilor obenzyf - 6- quoro nethanesulfonyl 2 3.4, 9-tetrahydro- | H car

bazol -1-vll aceti ehAgbdoaliTRFRYNHas Bissolvea i HalthyRbeRimfidd30. 416 sdifion) 4dal ©
conpound was s ntheéﬁﬁag“gﬁf ccordance wth the descrlptlon rovided in PCT

W03/ 6226%‘%?%‘?‘1“%‘?1 onspesiaon. Ko thesipge waspgded in one portion 4-
14- ( 4- Chicblombenghchlpride- (215 6@) od Sherbatch smelsuted ©rfp 2C Tor@R 6-The Batch Wastcadledth r.t.

drocycl opgitlul dyRdRhs 5 ¥ dodq s vhCaddAdvel SRR e Dose to +40 °C). The

reaction was aged at 50 °C for ca. 3 hours, cooled to room temperature and transferred into an L,

extractor. The solution was diluted with isopropylacetate (IPAc, 2 volumes) and cooled to +15 °C. The

15  solution was acidified with SN HCI to pH~2. Layers were separated and the organic layer was washéd
with water (2x2 volumes). IPAc solution was concentrated and switched to TPA (0.8 volumes) to
crystallize the product. Water (8 L) was added over 2 hours and the batch was filtered to give the title
compound. The batch can be dried in the oven at +40 °C for 24 hours.

20 ' EXAMPLE 18
H=)-{4-[1-(4-Chlorophenylethyl}-7-fluoro-5-methanesulfonyl-1.2.3.4-tetrahydrocyclopentalblindol-3-

_ yliacetic acid{Compound X)

N ~COLH

o N
033 HJ?EI::]\
ol

The title compound was synthesized in accordance with the description provided in PCT
25  WOO03/062200 published on July 30, 2003.

, EXAMPIE 19
(+/-)-[9-(4-Chlorobenzyl)-6-fluoro-methanesulfonyl-2,3 4 9-tetrahvdro-1H-carbazol-1-vl]
acetic acid (Compound Y)
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FO \ ( OH OSON\ C CHs The title conpound was synthesized in
accordance with the description provided in PCT 10 WO03/062200 publi shed
on July 30, 2003. EXAMPLE 21 {9-((3 4-Dichl orophenyl)thiol-I-isopropyl -

8- di hvdro-6H pyridof3 4 bl pyrrolizin 8 yllacetic acid (Enantionmer A and
Enantioner B) (Conpound AM 15 N p Step 1 2-Chloronicotinal dehyde To a
solution of diisopropyl amne (110 ni, 780 mmol) in TILE (500 nL) was added
a 20 2.5 M hexanes solution of n-BuLi (300 nL, 750 mml) at -40C. After 5
mn, the reaction mxture was cooled to -95C then DWU (15 nilL) and

2chl oropyridine (50 nL, 532 mmol ) were successively added. The resulting
m xture was then warned and stirfeg 3C for 4h. After this tinme, the
yel | ow - 33 suspensi on was cool ed i before DM (70 nL) was
added.” The final reaction mxture0 d to 78C and stirred at that
tenperature for 1.5h. The reacti orbfzﬁqcﬁ ﬁ%@s poured into cold aqueous
HCl (3N, 800 nmL) and stirred for 5 mn. AgUeo®ls concentrated NH4OH was
added to adjust pH to 7.5. The aqueous | ayer was extracted three tines
with Et OAc. The coltitile conpogahia sjrrmlyzézed\im&c&dmshﬁhithmﬂéshi;aiqm@emedl‘iﬂrm@r and
brine, diy@/geyR0 patled bR Hiy g@% filtered and concentrated. The crude
mat eri al was furtrpu purlfled y a pad of silica gel by eluting with a
gradi ent from 100% hexanes to 100% Et OAc and the product was crystallized
in cobfd hexanes to yleld the t|tlem_as a pale vyellowsolid. 10
Step 2 MefQvndid&lzyB7a {50 ution
of 2-chl oroni coti nea y g, te
(32. 2 nlcigipmpoundg ) i MeOH (168 m.) was added to a sol ution of 25%
NaOVve in MeOH (80 ni, 349 mol) at - oC. The internal._ tenperature was
nmoni tored and maintained at --20 C durfyng the 30 min. addi tion. The
resulting mxture was then stirm dnli ceQbat h for several hours,

foll owed by overnight in an ice j rr},,lx&»eaﬁ;ol d room The suspension
was then poured onto a m xture of e N2 and the slurry was
filtered after 10 mn. of Stll’l’lags__a-h ciwas washed with cold H20
and was then dried under CH3

The title compound was synthesized in accordance with the description provided in PCT
10 WO003/062200 published on July 30, 2003.

EXAMPLE 21
[9-[(3 .4-Dichloroghenvl)thio]— 1-isopropyl-7.8-dihydro-6H-pyridof 3 4-blpyrrolizin-8-v1 Yacetic acid
(Enantiomer A and Enantiomer B) (Compound AA)

15

Step I © 2Chloronicotinaldehyde
_ To a solution of diisopropyl amine (110 mL, 780 mmol) in THF (500 ml.) was added a
20 2.5 M hexanes solution of n-BuLi (300 mL, 750 mmol) at -40°C. After 5 min, the reaction mixture was -
cooled to ~95°C then DMPU (15 mL) and 2-chloropyridine (50 mL, 532 mmol) were successively added.
The resulting mixture was then warmed and stirred at ~78°C for 4h. After this time, the yellow
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vacuum The crude material was dissolved in CH2C12 and MgpSO4 was added. The
suspension was filtered through a pad of silica gel, washed with CH2Cl 2.
The filtrate was concentrated under reduced pressure and a bei ge
precipitate (20 g) of the title product was obtained. 20 Step 3 Methyl 4
chl oro- 1H pyrrol o[ 3, 2-cl pyri di ne-2 cazboxvlate A solution of nethyl

(22) - 2-azi do-3-[ 2-chl oropyridin-3-yl] prop-2-enoate (21 g, 88 ninol) in
nmesitylene (880 nm.) was heated at reflux for a period of 1 h. The reaction
m xture was cooled to roomtenperature then to 0 C, and the precipitate

vas 111 el et PR a BSREL N & oS Rl B Erp ol ) Saf IR L 58 re“%sf%{ 1L &g

over ni ght . cfhexarie 10 gi ve, atro e ﬁﬁ'oduct
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gﬁ r yIA?E € chu@Smhkbrial ﬁls]fuﬂﬁ@bﬂnﬁea_hﬁa b kilika 1 wleﬁéﬂ %n}i\@graﬁlt@;ﬁh‘éﬁi 10(?% hé(%ggf 0{
er, suspension was, .cool ed t.o.roomtenperature and i

was pourégéglf?ﬁﬁ)&cagg?i’f g‘i‘ ChWHTOIE, P%lpéaldgaﬁgegﬁgylﬂflﬂ@uﬁ%m o¥pd)Es AR hexanes

(400 nl) yellowesolib| i ds were decanted, 35 filtered and washed with H2O and

hexanes to provide the title corrpound -34 Step 5

1- Chl <B8. 7-di hydro- , 3,4-b]lpyiralizin-8one To the conpound of

t he - ev st ep Were bloroperidin.yhpron-2-enoate concentrated HCl
(2.0 n) A\/ﬂotuhomatctﬂogmabhnbﬂwyﬂwo 1]:R 139931111{0@)&0& iethylndbaosige (322 nias49.1 | oned

pet ween ; 2 d ated to
orovi de ggnéoﬁt@telﬁgﬁgftﬁpmg,éawg d&EH?o Amaaa Gf PIIRREOMEh MERR 01 Jsa0RHARY: 8

1- 1 sopro H9|“€mfela W@WW@HW?WWS‘IT%@ = dyripgtBe 3ymig- ddiienr e of
1- chl or 0TBs ésudtirigydxtare 8k fhyn suﬂe{i&,aﬁida]bm;ufdr@éueﬁlm&fmnewdd5>y6vegu1glﬁﬂ1ﬁacernml ),

trisi§di Bapghd &ﬁ}eoﬂoﬂle%&%z&iow L A e B 1% Lurey
HEE oy kgl S e S

was degassedm.dmne cldahadiabivasiddsSolialin &H{El{dnd) Mgeb,, w43 abided TR S@bnsRAtwalVaS

evapor al gfleriifithen 4 B UFRba RUCH I Luin HEEL 2 TR BE Wbl Bodilfendfiletlalb g O

resul ting m xtur over € conpound

was pur i PIEEgyd & peigemrcinitgeiiOcy Piipriflepsuyst tios ddnedEt OAC i n Hexane). 15 Step
-7 Bthyl (2E)-(1-iso rro

yl -6, 7-digh gro BHBHé’tﬁ h4Q i 9h Lzl 0= 8-yl idene) et hanoate To a
sol uti-on Zb] pyrrolizi n-8-one

(0.60 g, 2. 8 m"rDI A solitign pfm@mﬁyﬂ)ﬁwﬁ@ﬁm@mﬁ@%ﬂ]pm@now @bgr®%ol ) in
THE (24 srool)ad mesitRene W8 nagdﬁé héioatNafthx f(an pediodlof 141 Oifhe P@i&io)l mnItlB@ wﬁﬁfi‘;@l&dl on

m xture W30 eln%g\gmretﬂ%nw gE. LSd tge prec1p1{%[é was ﬁfte and erBa%cri %E ?d hexane The

25  material was stirred overnight in 1:20 EtOAc/hexane to give, after filtration, the title product as a pale

yellow solid (13.2 g).
Step 4 Methy! 1-chloro-8-0%0-7.8-dihydro-6H-pyrido[3.4-blpyrrolizine-7-
carboxylate :
30 To a suspension of methyl 4-chloro-1H-pyrrolo[3,2-clpyridine-2-carboxylate (12.5 g, 59

mmol) in THF (116 mL.) — toluene (460 mL) were added a 1.0 M THF solution of potassium tert-
butoxide (64 mL, 64 mmol) and methyl acrylate (55 mL, 611 mmol). The resulting mixture was heated
at 100°C for 18h. After this time, the suspension was cooled to room temperature and it was poured into
a mixture of saturated agqueous NH,Cl (400 mL) and hexanes (400 mL). The solids were decanted,

35 filtered and washed with H,O and hexanes to provide the title compound.
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reaction m xture was poured onto saturated NH4C and Et OAc. The organic
phase was separated, dried 20 over Na2SO4 and evaporated. The title
compoeund was purified by flash chromatography (40% EtOAc in Hexane). Step
8 Ethyl (1-isggLoCLl-7,8-dihvdro-6-H2pyndof 3, 4-bl pMol i zi n-8-Yl)acetate To a
solution of ethyl

(2E) - (1-isopropenyl -6, 7-di hydro- 8H pyri do[ 3, 4-b] pyrrolizin-8- 25

yl i dene) et hanoate (0.40 g, 1.4 mmol) in MeOH (20 nL) was added Pd(OH) 2
(0.20 g). The mixture was stirred under 1 atmof H2 for A The m xture was
filtered over celite and evaporated to provide the title conmpound. Step 9
Et hyl {9-](3 4- dlchlorophen thlo}-l |sopropyl 7. 8-di hvdr o- 6Fprr|do
[3.4- 30 rr ol i &Blom:§]-Yigydse-84-pyridel - $-08¢ hi S

(§d4ddlschl or ophenym)diesaﬁlﬁwﬂiﬂof(t&p?ém@s st@vﬁa]eﬁﬂ&ﬂﬁopt@a:@t@@r&)(aﬁd 6 rrL) was
adde resu mxture was stirr room
Fenper. at (epka pE ey f ek {0 By, ARl B e

(1-i sopr opfhe ﬂindé“aa?%d‘}ba OFZRRIR PRGNS ISRt Ry PROBASd AP Progde tyt‘)lﬂe‘ace@f%wé (0.15 g,
0.52 nnnl) in DMF (5.6 nL) at OC. After 1.5 h at 0C, the reaction mxture
was 35 p over gani ¢ phase was

separ at ed’ i ed overRE 053 SPIRUrUALEO0E vt ed. The title
conpound vvas purl fT@@imbW ¢fdsqlvloma6 MY@WHWO@GB@MW%@M 24.B

FSX ??e) dxhenzyhdene acetone)mpalllagmm 0) (1.0 g,71 09 mmol) and péxﬁx_lylarsrnll C% EI?.% g 8. Sbl DYI IO
i zi nYg- ngmij g)é’gp Q@{]‘éﬂé\?vﬁf‘s ?%Je e}/"éSlf Staé‘f‘??? ﬁg 89 00 mnd). The rés tmg
{9-[(3, 4-ndxtaﬂw ves daghrerhang hehted)xt?_BPG! &mp pcrprgl lof 173 18-Tthe lsr;lwnmzﬁ iaporated under
pyrido[ 3rréh‘u51=]d&5¥ers§u9z| CRid); &H&ﬁ@%@%&dcﬁ%t@eﬂﬂm w'a%'th fd. and
NEC]—l(Z )1“ adde E‘J\E’% %léo ter stlrrlnglsh
at RT, cﬁi’_ﬂ?"‘{ﬂlég’ %B‘&g sk ¢hepraatnetaghnt (50 1003 F30an&lpxanthe
re5|due mas taken up in EtOAc/H2O, and the organic |ayer was washed wth
H20 a rine. %g ¢ ﬁ%b Qﬁ% P d.
evapt])irgat g% la)I he r e%il IU%E w%}s{?b |e$1r € A JBL b QQ
filtration, the tit? ‘éso%‘ﬁ‘bWpﬁe%)’lﬁﬂﬂlﬁd@ﬁﬁﬁnd%MW?%d%@ 6052, 2. s
1.14-1.2 &m(rm an® fribdhyl ﬂo@ﬁer@a&ﬁte((lmo g,m)s A6 THEF @4 nftnat -2$9C, wad a&idd 809 Blagm

(2|11) 1H (@ﬂl%#%@mﬁ%b tﬂé’peacténgl%né‘ ml‘_ﬁ}ﬁgj&;ﬂ]‘gdﬁ'f&% ﬁl%gféf 86T§3 6 99
8. 16- 8. 2If(aﬁ?°nﬂfsurei‘95 Wdﬁﬁwd%@%wl Bt®AGa %ﬁv@p@@@iwwew%edn@ﬁw

est erous iong NejSO)\and exiydratdde TRShtR compiind Fabdufifiddas flath cBRkioB@pF (£1% BIDAR N
~chiral sgqgﬁdngpary phase (chiralcel OD colum 2x25cm, eluting with 12%
2-propanol 1n hexane at a flowrate of 6 nL/mn. Enantioner A (less polar)
has a retention tine of 31.9 mn and Enantioner B (nore polar) has a

retentiosiepisme of RbylBl-KogropyBRR-dihAdraBE-pidsE3. £blpyrrolizin-8-ylacetate
To a solution of ethyl (2E)-(1-isopropenyl-6,7-dihydro-8H-pyrido[3,4-b]pyrrolizin-8-
25  ylidene)ethanoate (0.40 g, 1.4 mmol) in MeOH (20 mL) was added Pd(OH), (0.20 £). The mixture was
stitred under 1 atm of H for 3h. The mixture was filtered over celite and evaporated to provide the title

compound.
Step 9
30 blpyrrolizin-8-yl }acetate

To a solution of bis (3,4-dichlorophenyl)disulfide (0.24 g, 0.67 mmol) in CH,Cl, (5.6
L) was added SO,Cl; (0.036 mL). The resulting yellow mixture was stirred at room temaperature for 1
h. This solution was added to a solution of ethyl (1-isopropyl-7,8-dihydro-6H-pyridof3,4-b]pyrrolizin-8-
yL)) acetate (0.15 g, 0.52 mmol) in DMF (5.6 mL) at 0°C. After 1.5 h at 0°C, the reaction mixture was
35  poured over saturated NaHCO; and EtOAc. The organic phase was separated, dried over Na,SO;,
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hydrol yzed as in Ex. 17 Step 10 to give enantioners A and B of the title
conpound. 20 EXAMPLE 22

((1R) - 6- Fl uoro- 8- (net hyl sul fonyl )-9-{(151-1-[4-(trifluorometh Dy

nhenvl l ethyl }-2.3,4.9-tetrahydro-|1 H carbazol -|1-yDacetic acid (Conpound AJ)
FI1 \ O NOH OS=OCH' CF3 25 Step 1. 2-(2

Br onp- 4- f | uor ophenyl ) hydr azi ni um chl ori de To a suspension of 2
brono-4-fluoroaniline in concentrated HCl (1.5M at -10 '"Cwas slowy
added a 1 0. O\/Iaqueous solution of NaNO2 (1.1 eq). The m xture was stirred
at 0 Cf rs. A col 30C sol u in

concent r e ed sty B Gk witpthn e fhih i meentls e ey

t enper at irBexePow 10 C. The resulting mixture was stirred nmechanically for
20 m n at 10 30 C, then at roomtenperature for 1 hr. The thick slurry was
filtered Othe sol _
‘Tesuspen n col H~He—atrc 1 S Jet . e ar T et Vet
susperdded in EtZOL}.EMdd for 10 m n, flltered and air drled overnight to
give the title compoynsl@s o?eﬂQ@Lsgga §ﬁich19mp1§§1ﬁfim33 1 {sdia’m;)yr 5 Bﬁﬁ&dmeﬂu

8- br ono- 6-f | tetra ar -1- acetate 5 To.a
guspen5| Fpmidat y‘?’h@%ﬁ‘ﬁéﬁﬁﬁ?"% ES Ofoerfm Tﬁﬁ SR ARG AZ- s g d¥lgd et hy |
(2- oxocyidl Mhasil ().5 atcl.Atemel)] Ader)stirrihp @8t RT;IE@AM@SZS aiu) mamddmitand Gfelsuh(enf: or 16
h ' l [+ a T c

rs Cooaﬁg %g&téi? e} ue%ﬁ%%%éﬁh@ éﬁ@i% 'tﬁ’é‘o %Qﬂ&ig £ GRYG d%ﬁ

~ The resi an ter and sat u
aqued¥s AP Afersngred NSOy wawlut\feagfasdﬁlre@& a%@ﬁpﬂﬁﬁ@s@he BHANCCHA é‘éffﬁdr“a'[hed
The r esildugOne:iextth give, pfidrifitiation, ¢z tifle patbooid 8  wbii@soli@l , el uting with

t ol uene. : r dy 0 i i gi ve,
Cafter fi |tﬁ?‘§‘ﬁ‘§§“’é‘ﬁ%’*“@&l%?ﬁ%ﬁa PREsREt §éﬁ5‘f@%lh¥§{%§%ﬁﬂr/z
354. 2 (3-8 (@plE, 4792430 m, gp@a -444(111,21—1),693-699(m, 1H), 7.14-7.19 (m, 18), 7.33-
f6-fl uord@{(ﬁm{—byﬂﬂbﬂﬂ‘mwm 1632400148t r ahydro- |1 H car bazol -1 -yll-acetate
To a ,golution of t t d M
wer e ?5 added sodlﬁﬁr%h ?r@ ggée% Pj‘ﬁ%rfg 3% °““?3“é”8“§“3 p%éﬁ#%dan%%%erwa% N2
was bubblseidectediol{esepgeation prc st%lonqw Phaéf’rfﬂhl{akel Q%aé‘tﬂm%zm Et'l*t@ﬁwstlll rred
?tz 10;) Cm%daqymﬂmolaimmpaarfﬁ}w rA\EbﬂS miRmﬁ lE:ﬁnuoﬂEfﬁ(I%?@bM}hasm&é@ﬂﬁﬁﬁl&hb?fN nat e
eq) and,C X tirred for a
further %q“gﬁ?nggn% “ﬁ“@gm%%é“ Fmtépn\c/iﬂnfer??%%‘ g“bfﬁ% “fas added to
aci di fy thidrolizedagindgx. 1 ep lﬁmmmmmaagﬂmf@qnﬁmn@@:m n and filtered
throwgh celite. The filtrate was washed with water, dried

carbazol-1-vDaceiic acid (Compound AJ)

F
S—-O \
GH3
CF3
725 Step l: 2-(2-Bromo-4-fiuorophenylhydrazininm chloride

To a suspension of 2-bromo-4-fluoroaniline in concentrated HCI (1.5M) at 10 °C was
slowly added a 10.0M aqueous solution of NaNO, (1.1 eq). The mixture was stirred at O °C for 2.5 hrs.
A cold (-30 °C) solution of SnCl, (3.8M) in concentrated HCl was then slowly added while maintaining
the internal temperature below 10 °C. The resulting mixture was stirred mechanically for 20 min at 10
30  °C, then at room temperature for 1 hr. The thick slurry was filtered and the solid was air dried ovemnight.
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20 over Na2SO4 and concentrated. The residue was filtered through a pad of
silica gel, eluting first with toluene to renove the non-polar inpurities
and then with a 2:1 m xture of hexanes/EtOAc to elute the desired product.
The filtrate fromthe elution with the m xture of hexanes/Et OAc was
concentrated to give the title conpound as a pale yellow solid. M5 (-APCl)
mz 352.1 (M-1V. 25 Step 4: Ethyl

f(1R)-6-fl uoro-8-(methyl sul fonyl)-2,3,4.9-tetrahydro-|H carbazol -1-yllaceta
te The racemc mxture fromstep 3 was resol ved by preparative HPLC on a

chiral pa D,. arat i ve ¢ ol W t xt.ur e of 150/ in
hexane. #ﬁé\mhd& S“f%?nae\é %%@A%ner gkil&gﬂgm 'ﬁgﬁégn llnac}?]m?wassf Pen eh ified

as the tﬁ@tﬂdé@#ﬁm@tea%edaeﬁn@dde’eeebitvaﬂemﬂw@pwmapmﬁcmhd 30 Step 5:
Et hyl f(lR) 9-1(1S)-1-(4-chl orophenyl )et hyI | - 6-f1 uoro-8-(methylsul fonyl
-2,3.4,9, trahy ¥ b I ) on ?f t he conmpound

of Step eq), : IR
(4- chbfor ophenyl )etTﬁaﬁﬂuSpeeﬁon@félqcmpr@pfh@fé?@Pfﬁﬂlew rfg%@%wm@ﬂemb@dur e
descri be@xdcpckﬁei}% DX PRhiRtnle) ws Ehﬁeuﬁt&ﬂu;éfzﬁmhrmm%&ﬂc@n%i ution of

di-tert-but azodi car o THF, ver . a 1 n
per i od.  THev Esz’mpaf%"@% S S e B Lo S pied il
- concent r aeedand Siteated jfieque Nl UQ:. Whsorganici liyeedasilyied over NaSQpdnd kbsitrated. The

chr omat ogrARWa; oh h&ﬁwo}@fam A ik SN Cralifly 410 LB, TR fﬁﬁa&ewas@anceﬂea%edraﬁ@
produ % 90% ure n%s used as such for the next reaction. Stet/ 6:

[(1R)1 jo bexangs ‘@ﬂ"&r t %/flt% CEIPQUTE AR W@ﬁ%&‘/ﬁ%ﬁﬁ%’?{% 5423 4, 9-t
et rahydrd\fI+B) 1H- car bazol -1-yl | aceric acid and

f(1S)-9-f(1S)-1-(4-chl orophenyl)ethyl 1-6-fluoro-8-(nethyl sul fonyl) 2

3,4,9- tetrahydro IH—car bazol . IIacetl C aC| d To a solution of the conpound
Of St ep §__P__a, a 2 +izd - Y L RETICIALMALEN] 11 G UH l 3 9 |l."|h".‘,’: AZ AL A.".-, queous
LiOH (3 eq). The m‘odmluﬁon/vﬁ‘sﬂastdnrpbﬁﬂ ofiBtep QQITéqD ainmaRydaius DRISIOQD.28Mwere ACOH was

addegs a“%&‘?od giﬁ(ﬁﬁ}hefg@%?%tggﬂ\é&%g%qp@%&ﬂ% twogz wasklﬁbtggd%hﬂ‘ﬁ% Lffi‘rkse” up

in EtOAc O an rine r|e over
Na2SO4, fiin 4o Fbeaeaatmveéﬁléeﬁwa@wo & Hradler Raatppsphesn & fres 12 sy mgreisadizmos Et QAC i n

hexanfe | ammaﬂemphmaﬁdmeq) alBSpPad S4aRI8 drsh) waeda@am&nﬁtﬁtenvaaﬂﬁre@&mﬁaﬂhad L or 45
man | o1 O |ve the
title cotl oun ch%%@quﬁﬁgm&%ggﬁﬁgg ?S i e/qi%ﬁcgé %é X?et ernatively
(4 -) et ﬁvpenflel Vst for Ipin ayd Bliered gagugh clits ! The @hr@remaaw ‘F@W%@r%ﬁol -1 -
15 %/t_zd) ac B&eaNﬁ‘ggmtcluB@Shtfa&ﬂ Tﬂaeesmhmmﬂeeaﬂﬁ Ebﬂfbflsﬂ!czﬁéeﬁléluﬁné rsiGlide a..

m Xture |Last ereoner

S 10 2- Bhyef S EARKE B TR R Bt b OB i b e g rspestQag telpiggip oy i o.
| H car bagesired p.rg;quft ’é@é}l@q@ﬁo@ﬁ:@ eb}pmﬁh the mixture of hexanes/IitOAc was concentrated io

[ (1'S) - 9- bivd &} title dofhpeiltl @$ Opinepyby ediiaytd (apEhwos &508-dmes hyl sul fonyl ) -2, 3, 4, 9-

tetrahydro-1 H carbazol -1-yl]acetate. The diastereoneric m xture was
resol ved by sel ectl ve hydr oI y5| S u5| ng the foI | ow ng procedure to give the
desi Ped Peak) ' | : beaghazfh1-yllacetate

(met hyl-sul f onyl ) &hsraﬁex&chﬂtﬁ@hxﬂrsep B Ia&agegémae& p&payzkdveﬁetcen AGiilpak AD

preparative column eluted with a mixture of 15% iPrOH in hexane. The more polar enantiomer (longer

retention time) was identified as the title compound based on the activity of the final product.

30 StepS5: Ethyl [(1R)-9-[(19)-1-(4-chlorophenylethyl}-6-fluoro-8-(methyisulfonyl)-2,3.4.9~
tetrabydro-1H-carbazol-1-yllacetate
T'o a solution of the compound of Step 4 (1 eq), triphenylphosphine (1.5 eq) and (1R}-1-
{4-chiorophenyl)ethanol (1.5 eq, prepared following the general procedure described in Reference
Example 1) in THF (0.175M) was added a solution of di-tert-butyl azodicarboxylate (2.1 M in THF, 1.5
35 eq)over a 10 min period. The mixture was stirred at room temperature for 2br and concentrated. The
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Resol ution: The diastereoneric m xture of ethyl
[(IR-9-[(1S)-1-(4-chl orophenyl)ethyl]-6-fluoro-8-
(et hyl sul fonyl ) -2, 3,4, 9-tetrahydro-| H carbazol -1-yl ] acetate and et hyl
[(1S)-9-[(1S)-1-(4 25
chl orophenyl )ethyl]-6-fl uoro-8-(nethyl sulfonyl)-2,3,4,9-tetrahydro-I|H carba
zol -l -yl]acetate (1 eq) was dissolved in a 3.511 m xture of THE / MeCOH
(0.25M and cooled at 0C. Aqueous LiOHIN (1 eq) was slowy added and the
m xture was stirred at OC for 12h or until al nost conpl ete hydrolysis of
et hyl . . - s . .
[(1R) - - [TrE W Raliety sitisn ad fot BeRereenby s iss gib 7 PR PLITre Y 15 3, 4, o-
t et r ahy drdesitefpregicha2efP pire) yhithawas gedes suelhior te pedt reg¢tiont er eorer was onl y
- slightly hydrol yzed under these conditions. AcOH was added 30 and the

sol vent r . rat ) ' ,was take i.n Et QAc/ H20
and the i Y WS T Bt re gt e i red
and cénc flotophenylethyl]-6-fluoro-8-

chl or ophey J]r],_-lﬁ;cfa}wﬁ;_ ackfielday | sul onyI )-2,3,4,9-tetrahydro-| H carba
zol -1 -yl Jacetate 1R) - . )

5oL (18] 15 cht oy BohusHgioh B g of s AT TFE A 759 G142 et an
ydr o- | H- oas bdizdIN bqugduk &4@H (Zeq). dbe wixtver eas sépauttoenl tdmpefatusestor Thy S¢QH wgr aphy
L1 Ry PSRl i RS Sar R T R S s DA B O 6
B r et e ot S B QeI %iaﬁi@f% Mo Gl OSBRI RS GRS o8 v hod

i n 30% Ets@Abediim3dfeRi@Ae it bexag and thiehpeodda sias espeadedhodiablyl athezandirinicaiedfok 411 Wi t h
de>95% . ; 1ol v °C fo - " o . id.

(18- o B P S0 0 e B e
e 5 To MSGARRR w4671 MAD .

[(1R)-9-[(19)- 1- (Anisinlaiveiptuthonk)| -y & ndkyhaltans DA 2053 st/ 1agithool 1.

.3, - a - r - 1-vl]. id. =2 ) n
v 0. JOH-BRIAL Gl i BB IOREmokin BOB) 6 B bunpBhipyasrtmst BN o
vas bubbI9éﬂSi'H‘b?Péﬂﬁ“@W”ﬁﬁW‘E@ﬂé“?‘@ﬂ@%“ﬁ?“@ﬁé’ P-eeffelyint agalilyHlengtoet it
ulnder dH2 a@aertm[1Inallrge[(maeuL(mem)»roﬁmﬁyl)%ym&uaﬁd-'(fniemﬁgaﬂﬁ;dyn-m,@,ugénraaydﬁﬁiﬂ-t e gad .
elute . Y} . Qn. er reduce
pressur e\é%rh%oﬁzlﬁ F%%?’éﬂgd%gégo%%%%%ﬁ&?%gﬁ%x %IS&I d’?\g’g&@%%s élggglound met hyl
[ (1R) - 6- ffellgging pecedyeste give the desirgd I(1R)-94(18)-d(4-ehlqrephonyDefhyl]-6-fluoro-8-
1H- c apbaz@bhylsuybhlyB et A9-erally dRQIH-caBastQy1)4dsitsc acidl ep 8: '

((1R) - 6-Fl uoro-8-(nethvl sul fonyl)-9-((1S)-1-[4-(trifluoronethyl)phen 1}
~lethyl}-2 3 4 9 tetrahydro-|H-carbazol-1-yl)acetic acid (Conpound A 15 To a
sol ut i onRetoltiees compound of step 7 (1 eq), triphenyl phosphine (1.5 eq) and

(1R -1~ [4-(tri {1 UnicamichpinkRARRUCIEERANTR 4005 Rt ibp R g bhonessadded
i pori SQe BT Sy os B sl et A otk over @
concéht r ahlewpherylisthyld-Sifthgeo-Snbmsthyylgnlfony1yd 3 By-tefiahydeer I cirbfzblals Hlacdwtothetbvpsaphy
el uted gissolved in a 3.5/1 mixture of THE /MeOH (0.25M) and cooled at 0°C. Aqueous LiOH 1N (1 eq) was
- slowly added and the mixture was stirred at 0°C for 12h or until almost complete hydrolysis of ethyl
[(1R)-9-[(1S)-1-(4-chlorophenyl)ethyl]-6-fluoro-8-(methylsulfonyl)-2,3,4,9-tetrahydro-1H-carbazol-1-
‘yl]acetate, the other diastereomer was only slightly hydrolyzed under these conditions. AcOH was added

30  and the solvent was removed by evaporation. The residue was taken up in EtOAc/H;0 and the organic
layer was washed with brine, dried over Na,SOy filtered and concentrated. Bthyl [(1S)-9-[(1S)-1-(4-
chlorophenyl)ethyi}-6-fluoro-8-(methylsulfonyl)-2,3,4,9-tetrahydro-1H-carbazol-1-yIacetate and [(1R)-

- 9-[(18)~1-(4-chlorophenyl)ethyl]-6-fluoro-8-(methylsuifonyi)-2,3,4,9-tetrahydro-1H-carbazol-1-yl]acetic
acid were separated by fiash chromatography eluting with 40% EtOAc in hexanes containing 1% AcOH

35  to give the desired [(1R)-9-[(18)-1-(4-chlorophenyl)ethyl}-6-fluoro-8-(methylsulfonyl)-2,3.4,9-
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with 10% EtCAc in toluene to give nethyl
((1R)-6-fluoro-8-(nethylsulfonyl)-9-{(1S)-1-[4 20
(trifluoronethyl)phenyl]ethyl}-2,3,4,9-tetrahydro-|H carbazol -1-yl)acetate
(-90% pure) which was used as such for the next reaction. To a solution of
the above ester (1 eq) in a 3.5/1 mxture of THE /MeOH (0.25M at 0C was
slowy added aqueous LiOH 1IN (1 eq) and the m xture was stirred at OC for
16h or until alnost conplete hydrolysis of the ester; under these
conditions, the other m nor diastereonmer has a nuch slower 25 rate of

hydr ol ySiigran M%&qdﬁ% %ggﬁg% §e%(‘/f% Whichs SR £%05 B REM Dexad t%

resi due was taken up I n t he organi ayer was was

brine, dePeHedeird ?%@SW%?WWE‘EIW%%@P%%CWHM ed. To renove the
unreacted nmethyl ester, the residue was filtered through a pad of silica
gel el utigpg-first ‘ , t[(gl uene
cont al ni Ng- 1% of ACO X and

dri ed3under hi gh v’&h%ﬁ?ﬁﬁ“&{l 0@@@)‘%@S)lG(Wwwhglméhrlhéﬂvwm-ﬂém@mﬂ@ﬁméb- 30 as a
whi t e soljaghonkbdhydie-1ERarbeml-+ 9Bk icaba (g e -836° GhitseH) dile6.(. t\tﬁa\@as/éﬁ’&h)mm z

496.0 (M Eﬁadmm[oﬂ]c&'ﬁ n(tlé‘%%vtl'w% M@tgi'mof’& @a@éu% %&%ﬁfﬂ%ﬂ%ﬁ n the

present Tnvention t function as sefective tagoni st’'s p|caIIy
denonst r &aetionyvagstivied piryundee Iz aﬁmsphya(haﬂmﬂ) fos 24hlrs hifSitered Hoongh a_c)ehtﬂ paksluted gher

§ 20 2 u Wg; w8 IRYCILL. aheol¥énts wgre\féﬂlldgf@s b eb@ﬁrah&?mﬁfuf tedictdp résﬁ:}% :Iﬂalr’tll%el(;%zdﬂg }Wgs at
| eas ltCi babou’ts‘l]"%gu ]ﬁa‘{)%%sp% % oyng frcy #‘H]g[?]lﬁi’% p*{) é‘?ﬂ%@%‘ﬁmﬂ\ég Y&xept or .

Mor e par ttHeetdbagol-Iryllacetate. selectlve DP receptor antagonist is at |east about
100 fold selective for the DP receptor relative to the CRTH2 receptor.
Even nore particularly, the DP gel g ynt agoni st conpound is at | east
about 800- 1000 fold selective fO eN\DP/ regeptor over the CRTH2 receptor,
i..e., the affinity (K) for the DR [ _Ls 800-1000 tinmes higher
than the affinity (KJ for the H _égteptor. As used herein when a
conpound "sel ectively nodul ates thg receptor”, the conpound binds to
and ant agoni zes the DP receptor at s concentration that is achievable at

t herapeuti c_ doses, mhlle not substantlally nDduIatlng the CRTHZ receptor
at such S¥eBapeut i€ GreslE d 641 H-{ il : : -2 3k

ant agoni &tr&hﬂ@@ld{&hﬁfaﬁﬂﬂ-yhﬁdéﬁcaﬁu@&ﬁupdﬁhdﬁn( K) for the CRTHZ recept or of

about,.0.5 m cronol.ar o) in in ffinj

CRTHZ of about O. arrstocl:l P%nn‘%{ﬁ% Com?ougya'# %(gﬁ‘ﬁ 'ﬁglée@dglmq’ﬁeﬁlg?%tm @lé)'BP

‘1 ecept or [4ofrEhorrreDrbenidiethimeb g5 eabio GHF 102§ hiva addeda soluefaf di-exybinphi bi t t he
fl ushi ngazeﬁfcﬂsctxyﬁeqmm rtlsceqt bvBi 2086k Perlod. REULRtud BLsS6krahlat RgMt such

sel ecti Ve gg:am]te %Pnl stnscm%tra dﬁl}? natl on, ﬁgbysb.llcagelffaﬂxc%m%t%gra;%?lle?u%dl vity

of Conpoun Reéconbih
with 10% EtOAc in toluene to give methyl ((1R)—6-ﬂuoro 8-(methylsulfonyl)}-9-{(18)-1-[4-

20 (wiflworomethyDphenyllethyl }-2,3,4,9-tetrahydro-1H-carbazol-1-yDacetate (~90% pure) which was used
as such for the next reaction. .
To a solution of the above ester (1 eq) in a 3.5/1 mixture of THF /MeQH (0.25M) at 0°C
was slowly added aqueous LiOH 1IN (1 eq) and the mixture was stirred at 0°C for 16h or until almost
complete hydrolysis of the ester; under these conditions, the other minor diastereomer has a much slower

25  rate of hydrolysis. AcOH was added and the solvent was removed in vacno. The residue was taken up in
BEtOAC/H;0 and the organic layer was washed with brine, dried over Na,SOy filtered and concentrated,
To remove the unreacted methyl ester, the residue was filtered through a pad of silica gel eluting first
with 10% EtOAc/toluene and then with 60% EtOAc/toluene containing 1% of AcOH. The residue was
swished in 30% EtOAc/hexane and dried under high vacuum at 50°C for 16 hr to give the title componnd
30 as a white solid with de and ee >95% (checked by chiral HPLC) . MS (-APCI) m/fz 496.0 (M-HY . [alp= -
181° in MeOH
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" Receptors The receptor affinity and selectivity of conpounds at DP and
CRTH2 was determ ned using radioligand binding assays as described in
Abranovitz M et al. Biochem Biophys. Acta 25 (2000)1483: 285-293, and
Sawyer N, et al. Br. J. Pharmacol. (2002); 137: 1163-1172. Briefly, stable
cell lines that individually express human DP and CRTH2 receptors were

est abl i shed using human enbryoni c ki dney (HEK) 293EBNA (Epstein Barr virus
Nucl ear Antigen) cells (designated HEK293E cell lines). Menbrane fractions
prepared fromthese reconbinant cell lines were enployed in equilibrium
conpetition radioligand binding assays to determne the affinity and
selectivity of 30 conpounds at the DP and CRTH2 receptors. DP and CRTH2
cDNAs codi§3$bnd|ng to full length codi ng sequences were subcloned into

t hg appropriate si EE% ol usBRIR pheadht ﬁ%élitﬁﬁﬁiaﬁﬂnc\’i@&is%le&@@ﬁﬁd #&g&ws{sr ogen)
an expresse l, N e | eren
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E- 64, 100 in and, -4 peps tat| n 0007 X
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10 st r okggdp fofd Qe fo?thlemtgpt&l éﬂgeetﬁkﬂﬁﬂreée&,@g FS’ %a;ﬁ%gﬁ%%% bi ndi ng

assays were E! nal i ncubation nmv
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(200 G /mmol). TheAs mmreimwhmmmpﬁmﬁt@léctb&lyaﬂhdmhﬂeﬂiﬁeDPr Y. aiRge protein
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“const ant 9gtes,Fhalg ?@Fwt@@&wdﬂmﬁl@a% TeCRgiprat %%@Pm?e@n%ﬂhmhwgﬂ

det er m nechceiratiis. presence of 10 M'of non-radi oactl ve PAD2. Incubatl ons
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The bi ndi ng assay was rm nat e
“Unifilter ‘@?’é‘l’("&%@rofHg%c@%wwdﬁh%tﬁb@%ﬁﬂgﬁff@%@y@ﬁﬂabwpﬁﬂ5 buf f er

Wi t hout EEEAmglator Bigher iad B g1t Thake mmtep{dr bve® GRWED bf 48 @Rt abUat mmrdezde cell
e Vet O fusgh bl b B WS UBE oA 2 B BB R GHIS
i ndi vi duahiagauistser s det ermi ned by scintill atl .on counting with addition of 50
L ofoUtim Gold F (Canberra Packard) usi ng a 1450 McroBeta (Wl lac)
the non- Z5B8 b SR Bl & chaGois il ok g CRIES, 10
was det eRo¢emio® at each concentration of corrpound and vvas expressed as a
perce{lt ?ge of the Wédéiatﬂ?a?ﬂﬁ@t |af1ci&le5ﬁv*i’c§|bﬂg>m meﬁhw&m@wmde%md
conpetition curves,were constructe Xi mum
speci fi ¢ "Bradi ﬁléga%\db%‘{'?%ﬁ%aﬁ%ﬁlesc 'fegfne‘éf ‘8 c,Bp ?‘FE? ‘[]3:‘%"?‘?’80 tﬁnd anal yzed
by a2us(BRDEES: 2ea3.sot SavareNshdkByé Pénp:lacgh(ﬁ@z)a 137: 1163-1172. Briefly, stable

cell lines that individually express human DP and CRTH2 receptors were established using human

' embryonic kidney (HEK) 203EBNA. (Epstein Barr virus Nuclear Antigen) cells (designated HEK293E
~ cell lines). Membrane fractions prepared from these recombinant cell lines were employed in

equilibrium competition radioligand binding assays to determine the affinity and selectivity of
30 compounds at the DP and CRTH?2 receptors.

DP and CRTH2 ¢cDNAs corresponding to full length coding sequences were subcloned
into the appropriate sites of the mammalian expression vector pCEP4 (Invitrogen) and expressed in
HEK293E cells. Membranes were prepared by differential centrifugation (1000 x g for 10 min, then
160,000 x g for 30 min, all at 4°C) following lysis of the cells by nitrogen cavitation at 800 psi for 30

35  min onice in the presence of protease inhibitors (2 mM AEBSF, 10 uM E-64, 100 uM leupeptin and
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20 sinplex driven non-linear |east-squares curve fitting routine based on a
four paraneter equation to determne the inflection point (TnPt). The
binding affinity of the test conpound was determ ned by calculating the
equilibriuminhibition constant (K;) fromthe equation K, =
InPt/1+([radioligand}/Kd), where Kdis the equilibriumdissociation
constant for the radioligand-receptor interaction. Wien |InPt could not be
determ ned the 1C50 was used (i.e. the concentration of test conpound
required to inhibit 50 25 %of the naxinun1specific bi ndi ng). Generally
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cited herein are
% of the maximum speclﬁc binding).

Generally the compounds used in the present invention demonstrate a X; for the DP receptor of
from about as low as about 0.4 nM to as high as about 16.3 oM. Likewise, the compound used in the
present invention generally demonstrate a ¥; for the CRTH2 receptor of as low as about 180 nM to as
high as about 22,000 nM or even higher.

30

Effect of Compounds on Nicotinic acid-Induced Vasodilation in Mice

The potency of the selective DP antagonists described herein can be demonstrated using
amurine model of human nicotinic acid-induced flushing, measuring the flushing inhibitory effect.
Blood flow in the mouse ear (a measure of vasodilation, a prominent component of flushing in humans)
'35 - ismeasured afier administration of nicotinic acid to mice that had been pretreated with vehicle (as a
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incorporated by reference in their entirety. Wiile certain preferred

enbodi nents have been described herein in detail, numerous alternative
enbodi ments are seen as falling within the scope of the invention. 20 -42
CLAIMS 1. A pharnmaceutical conposition conprising nicotinic acid and a
compound of the formula EE R"r N O=S=O H3 Cl or a pharmaceutically
acceptable Salt or solvate thereof; and atorvastatin in conbination with a
pharmaceutically acceptable carrier 2. A pharnmaceutical conposition in
accordance with claiml conprised of about 1000 rag of nicotinic acid and

a DP anta oni. st fornu E.or_a sal sol v and orvastatin thereof
o eonbi dRTre S e s Rl AR E RS v ighhe SRE e i
~ phar mac e weareahluatedip eashitdsogroipn Nembwizl chas didntedi with vekeaion fhalvengeatication offemgiml

ant agoni sfyq &%@9@%09&& &aﬁéit&neﬂfy Wlaﬁﬁécﬁlstst%?er cﬁégtf)lvédﬁn %%?&fﬂypfo@ 1@ anount

rangi ng from about ar maceutl tion
i n accor FAffedsximeka %}/‘:ﬁg‘fmﬁt’&? H’g‘?ﬁg@??‘fﬁlﬁ%ﬂ‘?ﬁ?‘np?"é‘ﬁ Stk adﬁ‘ml‘ﬁﬁ rq‘}g’ﬁeﬁbhl e.
5. A phararaeduthé cfdl2 naompeesi-40 nuﬂc)|N1camﬁmc£ﬂamsé:swhtﬁﬂmd‘?ahyﬂmﬁypmpyube formof a

tabl el . GyaupallPRH SR A 18 RG5! SRR Mk bl Lt e

formof a° sustai ease ta et or ‘capsu ar maceut i cal
conposi ti cﬁmw'iﬂ?@%Ié@@ﬁaa%wc%%myma?sﬁf@cwhnepw& (f“H?OrﬂPEQ a sustained rel ease
"~ tablet. 8. Use of Berfusioh ﬁfmomadskﬁnwanminﬁﬁmmwmmabbgpleapaﬁxpioﬂhhagersalt or

" sol vate 0 1. . abl e
saltor <PRBCRYIME PRI ek AU Brtol s nAOAIRG 2 i GRS
“medi che rFFIdfaéiF‘mtSFr@!i’Pi Fryeeat dhanessia msppesrfysion ﬂ‘yrstb? Bl wave Beriod afgy yehidls o der ni a
| in the ahf®isie .6d adikiisi66d wad caldulitel bitDa grdph of percent change in mean perfusion vs. time

was generated for each animal, The area under the curve (AUC) of mean perfusion (% A x min) was

then calculated from each graph and the results are expressed in mean AUC & SEM for each group.
Compound D suppressed PGD-2 induced vasodilation in the mouse (Fig. 1). The DP
15 antagonists tested suppressed nicotinic acid-induced vasodilation in the mouse; data for selected
compounds is provided in Figures 2 and 3.

All patents, patent applications and publications that are cited herein are hereby
incorporated by referencelin their entirety. While certain preferred embodiments have been described
herein in detail, numerous alternative embodiments are seen as falling within the scope of the invention.
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CLAIMS
1. A pharmaceutical composition comprising nicotinic acid and a
compound of the formulg K-

N, _cOH

N
H .
: C 3 . ) Cl

or a pharmaceutically acceptable salt or solvate thereof. and atorvastatin
int combination. with g phdrmaceutically acceptable carrier” - :

DR

) S S 'iAAphénﬁacet;ﬁéal composition in accordance with claj}fmi o
comprised of about 1060 mg of nicotinic acid and.a DP antagonist of formula E or a'salt

.or solvate and atorvastatin thereof in combination with 2 phammaceutically acceptabia™!

carrier.

: SRR I -=':A.phmﬁaceﬁﬁcal éomposition in"accdrdahce with claim 2 wherein -
the DP antagonist compound E or a salf or solvate. thereof'is present in an amount ranging -
from about 1.mg to about 500 mg.

4. A pharmaceutical composition in accordance with any of claims 1-3 in the

form of a tablet or capsule.

5. A pharmaceutical composition in accordance with clajm 4 in the form of a

tablet,

6. A pharmaceutical composition in accordance with claim 5 in the form of a

sustained release tablet or capsule.

7. A pharmaceutical composition in accordance with claim 6 in the form of a

sustained release tablet.

8. Use of nicotinic acid or g pharmaceutically acceptable salt or solvate
thereof, a compound of formula Eora pharmaceutically acceptable salt or solvate thereof
and atorvastatin in the manufacture of a medicament for treating atherosclerosis,

dyslipidemia or hyperlipidemia in the absence of substantial flushing.
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