Acteli 81A/CR4 2,3,4,9-Tetrahydro-I H carbazole derivatives a s CRT H2
receptor antagonists Field of the invention : The present invention rel ates
to 2,3, 4, Wotweéaaabaedr o-1 H-carbazol e conpounds of the ForawhB20o6/e00didct hei r
use as potent "chenpattractant receptor-honol ogous nol ecul e expressed on
Th2 cells" (hereinafter called CRTH2) antagonists in the treatnent of
prost agl andi n nedi at ed di seases, to pharnmaceutical conpositions containing

Lhese compounds: anglg, B OE8RRRE:S CLoRbRMCRIPASR bRPP RREHLEU 27, 2

conmpound of the F € use phar maceut 1 c conpositions for
the treatnment of b ni n te [ 1 |

conpri si ng aIIergF@nggﬁﬁg, é?nrﬂ #a%ﬁ cﬁ?é%?%@%@itrucgﬁggkpu ﬁ%ﬁiry di sease
(COPD), dermatitis, inflammatory bowel disease, rheumatoid arthritis,
allergic nephritis, conjunctivitis, atopic dermatitis, bronchial asthma,
food allergy, systemc mast cell disorders, anaphylactic shock, urticaria,
eczema, itching, inflammuation, ischem areperfusion injury, cerebrovascul ar
di sorders, pleuritis, ulcerative colitis, eosinophil-related diseases, such
as Churg-S LGS syndronme and sinusitis, and basophil-rel ated di seases,
such as basophilic | eukem a and basgﬁiilic Ieukoiﬁtosks, in hgnans and

ot her mame’801Baclgfourt@VEPELRAR | FtehtTon IS HE cdnpl=8x M"éSPon%e to

al |l ergen exposure results in a cascade of effects involving nunerous
nedi at or s CORPFEPAFAELAR f FEF RS cel YOTS R FIRE 2 XtFﬁ%ﬁ%F@gPtﬁnﬂ cytes,

eosi nophi l es, mast cells and T hel per (1%3 cells as well as, cytokines and
chenoki nes.theodngeakpPe, PFRPHR| ¥R Fheyufatariam éF%ﬁ&“P&%ﬁBﬁé BY producing
Th2 cytokines, such as interleukin (IL)-4, IL-5 and IL-1 3. Anong the-
events tri ggetagybpatiith FRUEPLO5Es are Th2 cel|l differentiation,

i mmunogl obulin (1g)E synthesis, mast cell growh and differentiation,
upregul ati on of CD23 expression, differentiation, recruitnment, mgration
and activation of effector cells, such as eosinophils and basophils as well
as the priBaskgrepntdheir prol onged survival. Allergic or immune responses
due to sustained rel ease of above-nentioned nediators_nmay cul mnate, if
untreat ed, [oozeveHteiatiirgtnat bt YlerGdRsePaft h ehesH gairPanalféMo

hyper -responsi veness, enhanced vascul ar perneability, edema, nucous hyper
secretion, migassingypeetradsyi heve akeshr ofehe batst £PEt i D1 PPHSLEgl andi n D2
(PA2), histam ne, cysteinyl |eukotrienes (CysLTs) and thronboxane A2
(TxA2) are twhemoiithésgcdaspddimem too Beliles Pradiieml alffft ofy RepP2fBdi ators in
al lergic responses. PG2 is a mmjor cyclooxygenase netabolite of

ar achi doni cstagii®nan(B$s ral edvedcpatedl gefarbiifleser opeet iratédlnmast cell's
during allergic attacks. PGD2 is known to activate thronboxane A2 (TP)
receptor, REBideDPlther éwept Snclanme thesksndoy nodenetiee Goremwilgteoupl ed
"chenpat tractant receptor-honol ogous nol ecul e expressed on Th2 cel | s"
(CRTH2 or DR2)db=edepiforeitCREHX reeqeptcodd ngr ecegbregebdinnWTh2 ¢éel s,

eosi nophi |l es and basophiles. PAE2 induces mgration and activation of these
cell's via GRidthaleceptorx adt i valnsreadh piat heash obpapedicfat jxsmsmisuch as

anti - hi stam nes, b2-agonists, |eukotriene nodifiers, non steroidal

anti -i nfl anget Siis 3GRMeT, 0y Gha0XBEENas esPrdanhidinbets Mj Mmunesidpr essant s,
and nonocl onal anti-1gE anti body have been used to treat synptons of

all ergi c copditions. .Corti i7ds i, t t fgctid di cation
in the trea?%%%#ng é%?e%%%%éﬁﬁg%%%dt %ggfg%rgsrﬂggpffi gev%%ﬁ *
dose-limting_ side ef S, t.hat tQaNn speciie it ikgn of the
transcripti B%e%?éi% erﬁa:%lccﬁsdki n%é&ag%?%hgﬁo ?ﬁeg@ g{]aé]% r?re}}élyie%gt itg)ns do not
cure the disgase_and debil.itatin y:fe L treatnent
is stopped.Egﬁu§?€¥ﬁ%r§g¢%?%§%TIggﬁﬁgg%ggg%y?eﬁﬁn%%%%?t?ggﬁﬁfg%f%%t and/ or
to prevent allergi.c respons by._,su ess] i fi c Mgl r act ant

i nduced, e. g?e%i %‘auceﬁ, e%%l’sstu%e %%aé?%ﬁgo?)ﬂgﬁf &ct glrlla%:hesﬁlg. Ther ef or e,
ant agoni sts,bl.ocking CRTH2 regcepto i.ndi : 2 .sho ef ul for
the treat meAt St A e?gi%r%%%%i oﬁ%£££% ?%P?L%§§§Ldﬁgogh§sqﬁﬁ#ﬁﬁg CRTH2

antagoni stic activity have been repart I iter i Bayer AG
clains in G%Og%}?%?}f' Sp%%‘f}fi%%ﬁrbne y° %g@égiﬁ)ﬂfhg%@%& o%é rr%%#o an
((3i?)-3-(4-fl uorobenzene-sul fonamdo)- 1,2,3

, 4-tetrahydrocar bazol e-9-propionic acig) for the prophylaxis and treatnent
of allergic diseases, such as asthma, allergic rhinitis or allergic
conjuvatitis. Oral bioavailability of Ramatroban and its ability to inhibit
prost agl andi n D2-i nduced eosi nophil mgration in vitro has been reported in
Jour nal of Pharnmacol ogy and Experinental Therapeutics, 2003, 305(1),
347-352. Description of the invention: In a first aspect, the present
invention relates to novel 2,3,4,9-tetrahydro-|I H carbazol e conpounds of
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is optionally substituted with (i) one or two annel |l ated benzene rings,
whi ch benzene rings are unsubstituted or substituted with one or two
subst i t uenbpeeendspendent |y sel ected from Cl-C4 al kyl, CheCABz0k/000y10
(especially nmethoxy), halogen, -CF3, and - OCF3 (ii) an unsubstituted

h I ted I th
gqu%II tLiaﬂtg%f gablrlg:lg g‘sggggen%gy se"lsect egggrgmb %%e‘ﬁﬁ% C\éilﬁ%r glee, C(la A
| k , | k t
al xoxy GOfby ﬁenyﬁrtrlcpe (i x} pgbeé%ol % yéaﬁf\h%rgry oleLedﬁj: btica ety is

substrtute sUcH as especially beéenzhy ly pure
enanti oners, .m xtures f enant i_oner ra I pure

di ast er eonet ikt fr eV aSLEf 8%%%#%3 %31 u%ggna%géenan. dg\ﬁeris[1 and
drasteroners S chf%s dlastereonerlc racenates, meso forms, and geonetric

i soners; f such conpounds in which a prodrug form ng group is
present, as mell as sol vates and norphol ogi cal fornms, and pharnaceutically

accept abl e gabi;s thepgol . cilbeccpr@OUNSS e t e U 12 |£ iadery, CRTE2 recept or
ant agoni st s anJ may be used for the prevention and/or treatnment of chronic

and acute ahl@igi Cot MAHBELAHIS Ob des S taaFPRi8I RS gellkeaglte asdryuckhi niti s,
chroni c obstructive pul nonary di sease (COPD), rmatitis, inflammatory

bovel di seasg {NRUMRIPIG AMdSLLLLR, d8bs SE&E CoREPIFItH STheL QNG Vi ti's,
atopic dermatitis, bronchial asthma, food allergy, system c nast cel

di sorders, &E@%%@éél'r& shackx Uf tdfals are SEZAIR, wihd:f Nifsh erdiftli@gnat i on,

i schem a- reperfusron Injury, cerebrovascul ar disorders, pleuritis,

ul cerative didsl gﬁﬁf&gﬁﬂﬁg-rehg;egagl§§§§pssﬁgﬂpr%§bggI&Qﬂ&@SStrauss
iti’s

syndrome and sinu asophi |l -rel ated di seases, conprisi ng

basophi lic 4gikena agd has Qﬁi&é&éeﬁ“@é’éﬁh@ b %E@Béo]@é‘d kher

manmal s. In one e odrnent e present” inventron relates to a conmpound of

Formula I, Ogen 8§t15§1 Qeé%‘hfﬂa;d‘?ﬁﬁﬁ @Ekxﬁ&ﬁ% 351‘?1'2_:;099”

al kyl , alkoxy, Itro yano trifluoronet

represents s al koxy; ar I al koxy;
nnﬁo- di - ,QY§Q égﬂ&blgsgg% 5?5% EF%8§§B§3%§¥%tuted |ndependently Yn t he
aryl nnlety wi t h hal ogen, Cl 4 al kyl, Cl-C4 al koxy, -CF3, -QOCF3; or
-NR7R8; R7 gjpdsR8 i nd@ﬂ@ﬁ@tentb}/méel%&ﬁe@iré‘rytdal’d)gﬁﬂ;sI&h@Hdreﬁya/rmoal kyl ;

al kenyl ; aryl; nmono-, di-, or tri- substituted aryl substituted

i ndependent pyedduihe acylcuwi abgight hhabagesry Cha@4ial kybdeobk&d al koxy,
-CF3, -OCF3; aryl-alkyl; nono-, di-, or tri- substituted aryl -al kyl

substi t ut edpi-agepandent dych Ncbebesid  ABE eldgsWyhBa hakogemsh Gi- Ghyal Kyl ,
Cl-C4 al koxy, -CF3, -OCF3; phenyl carbonyl; phenyl-C-C4 al kyl optionally
substi tut edenat Nere Ridvilcendi exy coadhpra, tHeemRhgNYher bo@bdvicaal kyl ;
pyridyl -al kyl; thienyl-al kyl; furanylal kyl; or imdazolyl-alkyl; or R7 and

R8, toget heasvv'etvféntll;}e Qi I QeRR eat Olrﬁtehéﬁ\hldﬂasfsﬁgﬁnﬁé@ abhaebed, Jdorm a
het erocyclic 5-, 6-, 7-, or 8-nmenbered ring systemw th one to three

het er oat ons &@ém@re Beheehedatresnid rmeemagmgenlen@lhéuéﬁawe ad whi ch
ring systenrls optionally substituted with (i) one or two annell ated

benzene rings; \Mluqmeﬁeﬂa&r@ rshﬁg§a@ése BRsuPst ht gfeth Dlonsubsidduded with
one or two substituents selected TromCl-C4 al kyl, Cl1-C4 al koxy, hal ogen,

-CF3, - OCR3,n44d) van disulsidddird FI:"H’eWéorIét'}Qrct%n( gl )arf Wh%a or
di - substltuted phenyl ring substituted with halogen, d -C4 alkyl, d -C4

al koxy, - o%%g cf]%g ohl agPnefiel rredatbql%b% R iniBl % I@ﬂﬂ'{ﬂﬁl R4

represent C Cl- 4 al koxy, hal ogen, nitro, cyano or

trifluor Omgﬂ¥£dai N A dpahteubar |y orebg ESle”bO%émg%edehe R3 and R4

are selected fromthe group consisting o nethy trifluoronet ;I met hoxy,

epresents RoaYENeh, STEET a1t fé’r‘-%rﬁ T B PRy Bt
het er oar yl - %l QI e@ndg@%g%é“eo ts Jafgr the rMI @I% enQl rlgeLt I -alkyl.

In a further pre erre epresents eny I alk aryl -Cl-C4

al kyl , cycloalk t hi -d-c4 aIkyI yrldyl a-c
al kyl , or i % lqg q%nyﬁ Fén? 3bﬁ§ represents hydrogen aryl, aryl-C
1-C4 al kyl, furanyl a-C&4 al kyl, pyrrdyl a-c4 alkyl, or th|enyI-CI-C4
alkyl. In a particularly preferred enbodi nent, R7 represents hydrogen,
allyl, 2-cyano-ethyl, methyl, butyl, ethyl, isopropyl, benzyl,

1- phenyl - et hyl, 2-phenyl -et hyl, phenyl -propyl, cycl ohexyl, or

t hi ophen-3-yl methyl; and R8 represents phenyl, 2-benzyl-phenyl,

2- met hoxyphenyl, 2-nethyl - phenyl, 2-trifl uoronethyl-phenyl,

3, 4-di chl or o- phenyl, 3-benzoyl - phenyl, 3-chl oro-phenyl, 2-fluoro-phenyl,
3-fluoro-phenyl, 4-chloro-phenyl, 4-fluoro-phenyl, 4-

nethoxy brphenyl 3 yI 4 trrfluoronethoxy phenyI
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2- benzyl - phenyl, 2-nmet hoxy-phenyl, 2-nethyl-phenyl,
2-trifluoronethyl-phenyl, 3,4- dichloro-phenyl, 3-benzoyl-phenyl,

3- chl or o-wbenydn7sBef | uor o- phenyl , 4-chl oro- phenyl, 4- flpgons20benyio
4- et hoxy- bi phenyl - 3-yl, 4-trifluoromethoxy-phenyl,

5-chl -2-neth |, ht =1- [ 2) 71 - - et m
(5§-I?Lgen9&3é{ﬁ§quﬁgﬁ?o[E?gf8?%§§$¥5-¥%P%%é$%ﬂ,‘%£ﬁ2%$?ed?%%%%ylnethyl,

phenyl et hyl |, or_ 2-pyridin-2-yl.-ethyl., or fs_ b g aryl ;
V17 - CACPRYFAC AT . G e o™ e oTC I aleylor e
thienyl-Cd-C4 al kyl, In still .anothe referre Len d RS,
t oget her WPFRASEHR ™IS nghgﬁfgvh%%hﬁ%ebyesgcr %%%%giggﬁeé?d o?c%?a

di hydr o-di benzo[ /| azocine, dihydrq-in e, .di hydr oi soqui nol i ne

di hydr oqui ABI i 8¥™8r &fbeA284ZEPi nghﬂ“ﬁ% F%Jr?ri%}ﬁearl qucpr eferrdd i s
11, 12-di hydr o- 6Hdi benzo[ / azocjn%éS-gl, Z,E-dihydro-indolealg lk

3, 4- di hydr 69TPRFR BRI nerasyicals &8 BPRYRFBS UG ndt | RESTETTY

4- (4-fl uoro-phenyl)-piperazine-l-yl, 6,1 1-di hydrodi benzo[ , e]azepi ne-5-yl,
6,7-dinethé??-@?ﬁﬁémﬁy&FBQI1FF9§oéHPHBF?n8§2&§¥?59%t angeﬁnds Sy
trifluoronethyl-3,4-di hydro-2H quinoline:Il-yl, and digenzo[ %%a%epine-S-yl.
In a furthéPagaﬁ%iéﬁF&PW?-pF%¥e??@%ﬁ%ﬁbﬁﬁ?ﬁeﬁFmﬁ?rﬁﬁa R8,2 t ByRther with the
nitrogen atomto which they are attached, formll, 12-di hydro-6 {+dibenzo[
/| azoci ne- Gigrulang. GonpdrscE el @thpd,  R1EC grRylFY- |a  Hochwald

H-i soqui nol i ne-2-yl, 3,4-diq%dro-ZH-quinoline-l-yl, 4-(4-f|uoro¢ghenyl)-

pi per azi ne<cPRPErUEtiPn dRAGEPS- dPBENPSED, HLPRO5CHe-35 yf, Systematl

6, 7-di met hoxy- 3, 4-di hydro-1 Hi soqui nol i ne- 2-yl, ,

7-trifl uor ceRShYICBigR dneliRch WIHCHUPNBE AR et e yFORI USEHPER L/ PUE8PT ne- 5- yI ,

| H, 3H- benzo[rf, e]isoquinoline-2-yl, 4-benzh dr¥l-piperazine-l- |, or
azocane- 1- pf. |&a difafthepngenf @@aé”@herﬂﬁfd?%nt ,h%HPE]b‘f’%%nf‘@t%ﬁdCél al koxy
or aryl-d-C4 al koxy, in particular (i?)-I|-phenyl-ethyloxy or benzyl oxy.
The presentriovidaei onnghsocpeitiles t&PIANENds ERFor AACa L1 RABR ei n t he
meani ngs of one or nore of the substituents and synbols as defined for
Fornmul a |, edifigiestboditeepgeof amek miretyicvade repl abkE byolREPEIPr ef er r ed
meani ngs as defined herein, such as those defined hereinabove. In a very
preferred emnddiimedt theheipr zsenttiny efitdmnthe] acescewputatdrpalhd of
Formula |, wherein Rl, R2, R3 and R4 independently represent hydrogen,

al kyl , al koxyrensavegenramétewizatyianoofother Fofiehednet EUrtherapseabl y R1
represents hydrogen; R5 represents hydrogen or alkyl; R6 represents

phenyl - al kashe obledRZRS cuRAnandliRganndepemientry rdgred@niliydcegen; al kyl ;
cyano- al kyl ; al kenyl; phenyl optionally nono-substituted by hal ogen, alkyl,
al koxy, - Che - €6F8alphdnypubabhyé - oraqiiawy| mebrddnyiin, phangcoding

di -substituted with a substituent independently selected from hal ogen,

al koxy and pheny| ;MploeopbMal kyh opei Bnahvyld ubstidrut ed dodebbekalikyl noi ety
by phenyl or optionally substituted in the phenyl ring by nethyl endi oxy;
phenyl - al kyfudfit edpedcd fdedsabst i the etitpt kaldegerndoP: nomb-s Wisgonated by

hal ogen, -CF3, -OCHF2, al kyl or al kyl sul fanyl; naphthyl; naphthyl-al kyl;
cycl oal kyl , reespeeinal hat v | @pent ybrovidyd! oftbaybrhehi clodesocogsi anal |y
substituted with an annel | ated benzene ring; pyridyl-alkyl; or

t hi enyl - al kythe EFIDOANG RS gitregebher(Hart h2t his nilte ogrerliatadrityo ofhi ch t hey
are attached, forma heterocyclic 5-, 6-, 7-, or 8-nmenbered ring system

Wi th one ortiao JRleBHorRt aifkd Sekent ecbdavamdni tLsogen mandiwhi ch rHizg systemis
optionally substituted with (i) one or two annell ated benzene rings, which
benzene rinﬁﬁxﬁff:unsubstituted or substituted with one or two substituents
i ndependent [y sélected fromal koxy and -CF3; (ii) a nono-substituted phenyl
ring substituted with hal ogen; or (iii) phenyl-alkyl, wherein the alkyl
noiety is substiput ki.h_phepyl . Most preferred novelyconmpounds of the

pr esent inventio%'Tﬁg?n%%? ?B-QEihyl-3-(nethy|-phenylgéérbannyl)- 1,2,3

, 4-tetrahydro-carbazol -9-yl] -acetic acid,

{3-[(3-chl oro-phenyl ) -net hyl -car banoyl] -3-nethyl-1, 2,3

, 4-tetrahydro-carbazol -9-yl} -aceticacid; [3-(2,3-dihydro-indole-|
-carbonyl)-1 ,2,3,4-tetrahydro-carbazol -9-yl] -acetic acid,

[ 3- net hyl - 3- (phenyl -t hi ophen-3 -yl nmet hyl - car banoyl )- 1,2,3

, 4-tetrahydro-carbazol -9-yl]- acetic acid; [3-(benzyl-phenyl-carbanoyl)-3
-nmethyl-1,2,3 ,4-tetrahydro-carbazol -9-yl] -acetic acid,

{3-[(4-fl uoro-phenyl)-nethyl-carbanoyl] -3-nethyl-1,2,3

, 4-tetrahydro-carbazol -9-yl} -acetic acid; [3-(6,!1I-dihydro-di benzo

, €] azepi ne-5-carbonyl ) -1, 2, 3, 4-tetrahydro-carbazol -9-yl]-acetic acid;

[ 3- (benzyl - phenyl - car banoyl ) -1, 2, 3, 4-t et rahydr o- car bazol -9-yl ] -acetic acid;
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[ 3- (di benzo[ /| azepi ne-5-carbonyl)-I, 2,3, 4-tetrahydro-carbazol-9-yl]-acetic
acid; [3-(ethyl-naphthal en- 1-yl-carbanoyl)- 1,2,3

, 4-t et r ahwonroesmasirzazol - 9-yl] -acetic acid, PCT/IB2006/000010

[ 3- (benzhydryl - met hyl - car banmoyl ) -1, 2, 3, 4-t etrahydro-carbazol -9-yl]-acetic
acid; {3-ne 13- [ PRenWle (3gphe | - pL opy, no 2,

,4-tetr ahydﬁé(;%car bazol - 9-yl }Q- acgfgl C glaC| ddﬁa%%hywa] elnjxyl %zlilrlt%gm)yl )

1 2,3 ,4-tetrahydro-carbazol -9-yl] -acetic acid;, [ 3-(phenyl-thiophen-3
-ylnethyl Caabameye)izéd2bg aﬁ-uateghydweccamba@@h,Quyﬂ] -acetic acid;

[ 3- (benzyl -i sopropyl - carbanoyl )- 1,2,3 ,4-tetrahydro-carbazol -9-yl] -acetic
acid; {3-[4-(4-fluoro-phenyl) pgpera2|ne- -carbonyl]-1,2,3

, 4-t et rahydr o- car bazol - 9-yl } | J/a&leti c agid

[ 3- (benzyl - phenet hyl - car bapoyl ) -3 -nethyl 11, 2,3

, 4-tetrahydro-carbazol -9-y¥T| -aceti'c acid

[3 (3, 4-di hydr o- 2H qui nol i ne I-carbonyl&w , 2,3, 4-tetrahydro-carbazol -9-yl]-
acetic acid;

[ 3- (cyclohexyl-phenyl-carbannyl)-l,2,3,4-tetrahydro-carbazo|-9-y|]-acetic
aci d;

{3-[(3-chl of¥9Bheny| FUrERaFIOEar bahdyis: 19esigng. tBer byl ocedaunigol - 9-yI }- a
cetic acid;
[3-nethy|-3P(ph%néhﬁ§¢npﬁ@my¢ecarbﬁnﬁyl)-I%Qh{manmmqr@hydhe-d&nﬁ&zol-9-y|]-
acetic acid;

[ 3- (2- et hosys Phany| EREDAIDYEYalsr, Apreh r alaydng- cgr bagap) M{}]n acetic
acid; [3-(allyl-phenyl-carbamoyl)- 1,2,3 ,4- tetrahyd?o carbazo 3 yl]
-acetic acid; [3 (benzyl - phenet hyl - carbanny -1,2,3

,4-tetrahyd baz | - 9- cetig,a then t hyl - pheny] - car banoyl ) -
1,2,3 ,4-te ra y dt oF %ar azd%fﬁgyT ﬁD gWIC aci d: Whezt 1§m@n£ﬁ@.

[3- (et hyl -o-tol yl - carbanDyI)-I 2,3, 4- tetrahydro carbazol -9-yl]-acetic

aci d; Denoting d,as the cth column of the matrix D, , the first

{3-[ benzyl - ((|7)-I-phenyl et hyl)-carbanoyl ]-1, 2, 3, 4- tetrahydro carbazol -9-y

| }-acetic agbdsword is the collectlon of Mt columns ﬁarameterlzed by

[ 3- (et hyl - phenyl - car banoyl ) - 6-nitro-|, -t et rahydr o- car bazol - 9 yl]-acet
ic acid; [3-(7- trlfluoronethyl 3 ;4- dlmydro 2F+qU|noIine- 1- carbonyl)
1,2,3 ,4-teth%h§@@00§a¢@b2mn-£md%ﬂqs -cxtat.icydci d.e, P =[d_, 1.

[ 3- (3, 4- di hydro- 2H qui nol i ne-| -car bonyl ) -3-net hyl -1, 2, 3 4- tetrahydro car baz
-9-yl] -acptix ackdy to Table 1 hel her

{3-[(4-f|uoro-phenyl)?%%ﬁhy? cgr%anny f—PW § 5 teﬁfaﬁ?ﬁ?&agggbazol 9-yl}-a

cetic acid; [3-(4-nmethoxy-biphenyl-3 - ylcarbgnnyl) 1,2,3,

, 4- tetrahydemm]rd:azzcﬂas@uy;h] thacehotcatiaf u=lu,,...,u, ] and c [cl, Cy ]

[6 f1 uor o- 3- (net hyl - phenyl - carbanoyl )- 1, 2,3 , 4-tetrahydro-carbazol -9-yl]

-acetic aci flor different t tt £ b N. b

[ 7-chl oro- 3- (ﬂetﬁylegﬁ%nylrﬁgfgéngﬁlfnleg?% Eute?fahyaréﬁggf azol 9-yl]-ace

tic acid; d tiall 1tinl

[ 6- chl or 0- 32 ?netﬁ ﬁgnyﬁpga%% ﬁ%y?& Tlp %¥%ft§ﬁﬁiaﬁyaﬁgmbé?bazol 9-yl]-ace

tic acid; {g [g%ﬁoegbt(aopgﬂ%deﬁ&aél @l ByLy - £ DOV kole that the

, 2,3, 4- tetrahy car bazo -acetic aci

{3-[(4-chl | CERsPEE )TeLRY! CALDAIPH e, - 33 cftet BLLAIW AP LALRRR0! -9-Y 1 -3

cetic aci
(2 3t[(4oEP' BRGNP FBLANh AT RO | ndnBed {§F ARG GAr bazol - 9-
y acetic aci

[ 3- glsopropgéeﬁaﬁggl %%rbannyl)-l 2,3,4-tetrahydro-carbazol -9-yl]-acetic
aci
{3-[(3, 4-di chl oro- phenyl ) - net hyl - carbanoyl ] -1, 2, 3, 4-t et rahydr o- car bazol - 9-y
| }-acetic acid; [3-(benzhydryl-carbanmoyl)- 1,2,3

, 4-tetrahydro-carbazol -9-yl] -acetic acid,

[ 6- cyano- 3- (et hyl - phenyl - car banoyl ) -1, 2, 3, 4-tetrahydr o- car bazol -9-yl ] - acet
ic acid; {3-[benzyl-((i?)-1-phenyl-ethyl)-carbanoyl] -3-nethyl- 1,2,3

, 4-tetrahydro-carbazol -9-yl} - acetic acid; [3-(2-benzyl-phenyl carbanoyl)-3
-nethyl 1,2,3 ,4-tetrahydro-carbazol -9-yl] -acetic acid,;

[ 6- |sopropyl 3. (et hyl - phenyl - carbanoy ) -1, 2, 3, 4-t et rahydr o- car bazol - 9-yl ] -
acetic acid; [6-nmethyl-3-(nethyl-phenyl-carbamoyl)- 1,2,3

, 4-tetrahydro-carbazol -9-yl] -acetic acid; [3-(Il,12-di hydro-6 H di benzo[
/| azoci ne- 5-car bonyl ) -1, 2, 3, 4- tetrahydro carbazol -9-yl]- acetic acid;

[ 3- (et hyl - phenet hyl - carbanDyI)-I 3, 4-tetrahydro-carbazol -9-yl]-acetic
aci d;

[6 bronD 3 (nethyl phenyl carbanDyI)-I 2, 3 4 tetrahydro carbazol 9 yI] acet
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{3-[(benzo[ 1, 3] di oxol -5 -yl nmet hyl)-carbanoyl] -1,2,3

, 4-t et rahydr o- car bazol -9-yl }-acetic acid; and

[ 3- (cycl owexyée/qpbenyl - car banoyl )-3 -nethyl - 1,2,3 PCT/IB2006/000010

, 4-tetrahydro-carbazol -9-yl] -acetic acid. Mdst preferred novel conpounds
of the present |nve further include:

{3-[ benzyl - Q%ﬁ g%%ﬁfl-ethyl) car banoyl ]-6-fluoro-1, 2, 3, 4-tetrahydro-car
bazol -9-yl }- acetlc acid; [3-(benzhydryl -nethyl - carbanDyI)-G-quoro- 1,2,3
, 4-t et r ahydr o- car bazol - 9-y|] -acetic aC|d {3 [ benzyl - ((S)-
1-pheny|-et.11\\?l_)_—¢;a.-rh= oy 6—Huptro 2 3r4—tetrahydro-carbazel - 9-yl } -
aceti c aCi d ¢ (# ot Mt ‘}2' /(t,) Ci[Cl,.,.,CM] uy[ula :uN]
[ 3- (benzyl - phenet hyl - gar panoyl ) t | uor.o-1, P, 3, 4-t et rahydro-cafbagol -9-yl ] -
acetic acid] T &P oB goéebook lu s

[ 3-(2, 3-di hydro-indol g-]1-carbonyl)-6-fl uor ot F 5I§14 t et % 0- ca bazol -9-y
|]-acetic a:ﬁHFeF@@?beﬁ¥§1-isop'8 ??anrbanmg . -quor§écb52 3

, 4-tetrahydfo-carbazol|-9-yl] -acetic _acid; n‘)((azocane

1- car bonyl ) {6-f 1 uor o- J?QFQ?msi 1éF?3ﬂ9%ﬁ5r ar bazol -9-y| ] -acetic acid;
(3- phenyl cafbanoyl -3 -jpropyl - 1 %hg 4-t et rahydro-carbjazol -9-yl)-acetic

aci d; its)
[ 3- (et hyl - phenyl - carblannyl )-3-propyl -1 2 31 4-tetrahydro-carbazel{9-yl]-ace
tic acid; 2 1 8 /7 (3) 11 [1, 0]

[ 6-fluoro-31(nmethyl -phenyl -carbamoyl)-1 2 3l4-tetrahydro-carbazogl-19-yl]-ace
tic acid; af@ {6-fluorlol 3-[4- (4{BRAokB: phenyIl}! pi perazi hk: 1- c3fbonyi |
-1,2,3 ,4-tetrahydro-clarbazol -94yl} - aceti¢ acid. Particularly preferred
novel conpounds of the| present invention ing¢lude: 28]
[3-(4-fluorqg-phenyl carpanoyl)-3|-propyl- 1,2, 3 ,4-tetrahydro-carbazol-9-yl]
-acetic acid3 {6-fl uorp23-[ 4- (4{BRdorB} phenyll}- p2her az| he- 1-cafbonyl ]
-1,2,3 ,4-tetrahydro-chrbazol -9{yl} - aceti¢ acid,
[ 3- (benzhydryl - met hyl - car banoyl )-6-fl uoro- 1,2,3 28]
, 4-tetrahydrio-carbazol } 9-yl] -agetic acid;
(3-{benzyl -[|2- (2, 6-di chior o- pheny4y- dthyl ] - cdibanoyl }-| [2, 384- &t fahydro-ca
rbazol - 9-yl)|- acetic agid; {3-[henzyl-((5)-|1-phenyl-ethyl)-carbanoyl ]
-6-fluoro- 1,2,3 ,4-tetrahydro-garbazol-9-yll }- acetic|&8id;
[ 3-(3-fluorq-phenyl carpanoyl)-3|-nethyl- 1,2 3 ,4-tetrahydro-carbazol -9-yl]
-acetic aci(d;z 2 64/ (6) [0, 1] [(x, 7, 52,
[ 3- (3, 5-di flluoro- benzy| car banoyl}) - 3- et hyl - 1|, 2, 3, 4-t et f ahydr o- car hazol - 9-yI
]-acetic aciid; [3-(3-fl uoro-phenyl carbanoyl )+{3 -propyl - 158]3
, 4-tetrahydrlo- carbazol {9-yl] -acetic acid, [3-(3-f|uor) phenyl car hanoyl ) -
1, 2,3 ,4-tetfranydro- caf Bazol - 9- \Ids+/aqehi c agi[@;, b3-&2, 3-{di hgdr @i ndol e-
1-carbonyl)-[3-ethyl -1, 2,3 , 4-tet|rahydro-carhazol -9-yl ] }-acetic aci|d;
[ 3-et hyl - 3- (|]3-f | uor o- phenyl car bgnoyl ) -1, 2, 3,|4-t et rahydr es¢ar bazol - 9-y|]-ace
tic acid;
[3-ethy|-3-(‘-fiuoro-pienyicaroannyl)-l,z,5,4-tetrahydro-carbazo|-9-y|]-ace
tic acid; [3-(2-chloro-benzyl carbanoyl)-3 -nethyl-1,2,3 :

, 4-tetrahy a 0 y € Cblice=Nt-1, 0] indicates

[3 (benzyld&ﬁ%%egﬁg% %%?ha%%§??€6g?§ﬁ%rg |, 2,3, 4- tetr%ﬁ dr o-carbazol -9-yl]-
acetic aC|dth$Eﬁlﬂﬁdﬂﬂolgmpzoﬁeth9l%ﬁﬁf@ﬁﬂﬂlxb@mzyFéé}bbﬁ%é@%tes -he

1, 2,3, 4- tet% %%gcbfﬁﬁﬁpggl ﬁeyﬁﬁrr@ﬁgﬁchaCé@E (3- et hyl - 3- phenyl car banoyl -
1,2,3 ,4-teirahydro- carbazoF )-acetic acid

{3-[benzyl-((i?)-1-phenyl - ethyl) carbanDyI] 6- quoro |, 2,3, 4-tetrahydro-car

bazol - 9- yI} tic [ debooks f d of El ds
[ 3- et hyl - M%gﬁ pﬁ@ﬁgthg?%e%%ylfﬂ °2°3 i té??ghyd?o c%?ﬁ?ggi-Q yl]-acet

ic acid; £2 fIuorc)ééﬁ%n%%garbggnyggc éﬁ?%pyh;}PZ Phe Hochwald

, 4- tetrahyd 8%arbazol acetic aci uor o- phenyl car banoyl ) - 3
-nethyl 1,2,3 ,4-t rahydr ol C b
{3- et hyl - bf?ﬁ%ﬁﬁ %ne?%élfU%ag% t§1e&%fﬁﬁ§!4u?%??%ﬁi§?o car bazo

pié t dyd3-Lb th I 1-1,2;3
PR éﬁ ggr@@oangetfga%mgese VLbaGaEbATY | 222 Ty
[
i

3-(benzyl - butyl - car banoyl )-3-net hyl -1, 2, 3, 4-t et rahydr o- car bazol - 9-yl ] - acet
c acid; [3-(4-f|uoro-phenylcarbannyl)ss -nmethyl -1, 2,3

, 4-tetrahydro-carbazol -9-yl] -acetic acid,

[ 3- (4-fl uoro-phenyl carbanoyl ) -1, 2,3, 4-tetrahydro-carbazol -9-yl]-acetic
acid; [3-(2,4-dichloro-benzyl carbanoyl)-3 -nethyl-1,2,3

4-t etrahydro-carbazol -9-yl] -acetic acid;

3-[ benzyl - (4-fl uoro-benzyl)-carbamoyl]-1 , 2,3, 4-tetrahydro-carbazol -9-yl}
- ac etlc aC|d

- Y 1 I T T Y ~ £ 1 ~ o~ VT T I T 1 ~ 11
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{8-chl oro-3-[4-(4-fl uoro-phenyl)-pi perazi ne-1-carbonyl]-1I,2,3,4-tetrahydro-
carbazol -9-yl }- acetic acid;

[ 8- chl or owB-20@y@sbhydr o- i ndol e-| - car bonyl ) -1, 2, 3, 4-t et palmgBz06/6@0IAZOI - 9-y
| ]-acetic acid;

[3-(2,6-difluoro-benzyl carbanoyl)-3-nmethyl -1 ,2 3, 4- h - bazol - 9-yl
]-acetic aEF&}“fgmeénE}ﬁ% (%ﬁ Ieu%errgybéjﬁ:'zén)y- gg’? ba‘%ﬁa@%‘g? YEERLE
,2,3,4-tetrahydro-carbazol -9-yl} -acetic acid;
[3-(benzhy&ﬂ§lﬁgﬁe F%aFBQ%%‘%-%‘? cﬁ%%-'f‘?‘g, 5% FREF NS e carbazol - 9-yI ]

-acetic acid; [3-(benzhydryl -carhb 1)-3.-nethyl -1,
, 4- t et r ahy BPGECcAPHAFY ‘-%fy ISR irggeyzf‘)&u&;l T8 e boka? energy of

{3-[benzyl -(3-trifluorqnethyl-benz -carbamyl] -1, 2,3, 4-tetrahydro-carbazo
| - 9-yl } - ac&CEYa O der| 3%58%‘%&&%—%%@%%1- -S,é”tc%lylc-onf%?éngs

, 4-tetrahydro-carbazol -9-yl] -acetic.acid;.[3-(4-flyorp-benzyl carbanoyl)-3
- met hyl - 1, 2130w, fog; r%h?##%&ﬁ&?BFg9?‘PPfl£%‘ééﬁ cogcfgg,e %?P%QH%ﬁéyl -[2-(3
-fluoro-phenyl)-ethyl] -car bam)yléh@-_l, 2,3 .

, 4-t et r ahy FOBSEEPBAZBE - S hcelPElLci GREPECY Ry IES°¥S 5P opyT- c&r banoyl ) - 3
-methyl-1,2,3 ,4-tetrahydro-carbazol -9-yl] -acetic &?lCi d, ,

{3- [ benzyl HiztsigrEieer RberfAR )983?‘6%1%% P | 2, 3°99%R2Fanydr o 8&r bazol - 9-y
| }-acetic acid; (3-{benzyl-[2-(2-fluoro-phenyl)-ethyl] -carbanoyl} -1,2,3
,4-tetrahy&@séﬁlﬁﬁaiéll-@a%%q%épﬁé §@1 pe improved upon.

{3-[benzyl -(2-trifluoronethyl-benzyl)-carbanoyl]-1,2,3,4-tetrahydro-carbazo
9-yl } - aceOPeiAci d: £B8- [toaAsly |theaeEPEsr Sepaictfisrabahdiby#$Tive ndt hyl - 1, 2, 3
t etrahydro-carbazol -9-yl} -acetic acid;, and

(1 H, 3H mathefr £ peghPadinh dlhwalBoRPRF L BuetTy | that d9eg. PeEr ahydr o- ca
azol -9-yl]- acetic acid. O her preferred novel conpounds of the present

i nventi on imdflfigdefrom the constraints of the prior art.

{3-[ benzyl - (2, 5-difl uoro-benzyl)-carbanoyl]-1, 2, 3, 4-t et rahydr o-car bazol -9-y
| }-acetic acid; {3-[benzyl-(3-fluoro-benzyl)-carbamoyl] -3-nethyl-1,2,3

, 4-tetrahydro-carbazol -9-yl} -acetic acid,

{3- et hyl - BYRY(:1, 2, 3, 4-t et r ahydr o- napht hal en- 1-yl)carbanoyl] -1,2,3

, 4-tetrahydrocarbazol - 9-yl} -acetic acid,

{3-[ benzyl - (3, 5-1gi f lagwogdbangy| ¥itar bamoyéfa®leet IpA - IEh2 3 reserEahydr o- car
bazol -9-yl }- acetic acid; [3-(benzyl-nethyl-carbanoyl)-3 -nethyl-1,2,3

, 4- t et r ahy diroregariloaz ol a 9-mdtjhodacef | cleagivdng( 3 codebook comprises

{benzyl -[ 2- (4- chl or o- phenyl ) - et hyl ] - car banoyl } - 3-net hyl -1

, 2, 3, 4-t et radwyidrieroC ad badz ekt 9-cofevoadet P C iaci Blyjclidean coordinates,

(3-{benzyl -[2-(4-fluoro-phenyl)-ethyl] -carbanoyl} -3-nethyl-1,2,3

, 4-tetrahydr Qs car gzl Sny/l 1At E6a&fd¥ into eigen-coordinates,

[ 8-chl oro-3-(2, 2-di phényl - et hyl car banoyl )- 1,2,3

, 4-tet rahydé%éﬁf’i_r 20l n¥hl a- 8684481 AG8; to the first codeword in
{3-[benzyl - (3-tri 1 uoronet hyl - benzyl)-carbanoyl] -3-nethyl-1,2,3 ‘

, 4-tetrahydgos carhazaeli; | }o- ;| Cif; -4 4- Benzlysdribl-apl Rer azi ne-

1- car bonyl )%%égﬁl or o- 1513‘21:% }c2 %Etrlg%y%r (giggrbgéggl Eg)g-yl ] -gcgtgi c acid;
{3-[benzyl - { ;G oofo\%h%lcger 0- DENZW DA RATRY! | end- MEhid Tiky2, 3¢

, 4-tetrahydro-carbazo -"yl} “acetic acid;

[ 3- (benzhyd - vl )-8 chl ara- 13 , 4 r ahy +.CAl: ols£9-yl ]
-acetic aci ég&%&{%as I hyeglrgo%-?} %ﬁgf‘%ij‘n%—%ar b”béﬁ ) a.cg gé%ﬁ%ﬁll%?,zzog

, 4-tetrahydro-

car | -9 -acef i L ( -{Qggg - 2=
-quoro-pheﬁ???ﬁ%gﬁiﬁf'%gép%%ﬁggf%kﬁﬁgﬁégﬁil?a, , 3 #riel Eohidbook.
, 4-tetrahydro-carbazol -9- vyl)- ti i.d; - : :
{benzyl-[2-(2,6?f|c #%ﬁ%§?8%8nV?§ﬁe%%ﬁﬁ%%gé?%g‘1$|ff- ?ﬁe%?xﬁ%ﬁlon'
, 2, 3,4-tetrahydrocarbazol - 9-vl)-acetic_acid: . : ;
{3-[benzyl - f‘z&?ﬁ?f Fu%‘%%‘“rr‘élf%y‘?‘a&o%d&%l ;Olflcé‘r %3%8&?}6’- R e
, 4-tetrahydro-carbazol -9- yl} -acetic acid;,
{3-[benzy|-€2F5¥ﬂ?f?ﬂ%?ﬁ¥ﬁgﬂiyl?g a?b%ﬁﬁ?ﬁf*ﬁcﬁgtﬁ?g?W?E?%,ﬁJtétthydro-car
bazol -9-yl }- acetic acid,
[ 8-chl oro- 3- (i ndan-2-yl - carbanmoyl )-1, 2, 3, 4-tetrahydro-carbazol -9-yl]-acetic
acid; (3-{benzyl-[2-(2-fluoro-phenyl)-ethyl]-carbanoyl} -3-nethyl-1,2,3
, 4-t et rahydro-carbazol -9- yl)-acetic agid; [6-fluoro-3
-((R) - 1- phenyl - et hyl carbanoyl )- 1,2,3 , 4-tetrahydro-carbazol-9-yl] -acetic
acid; [6-fluoro-3 -((R) -1-phenyl-ethylcarbanoyl)- 1,2,3
, 4-tetrahydro-carbazol -9-yl] -acetic acid,;
[ 3- (benzyl - cyanonet hyl - car banoyl ) - 3-nmet hyl -1, 2, 3, 4-t et rahydr o- car bazol - 9-yl
]-acetic acid; [3-(2,3-dichloro-benzyl carbanoyl)-3 -nethyl-1,2,3
, 4-tetrahydro-carbazol -9-yl] -acetic acid; and
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met hyl , ethyl, n-propyl, iso-propy\, n-butyl, tert-buty\, wo-butyl (or

2- et hyl propyl ), cyclopropyl nethyl, n-pentyl, wo-pentyl, iso-any\, n-anyl,
n- hexyl , wohegyorkz20and n-octyl. The term "al kenyl " as uged/iBaogbovpial one or
in any conbination, refers to a straight or branched hydrocarbon chain
cont ai ning 2-7,,1pre | y. 2- ; t it carbon- car bon
doubl e bondg(RéﬁbC:%E%gg)y. ﬁﬁ?%gﬁgg?e? ?gﬁgﬁ%§??ﬁﬁg%§§§£§§gﬁyi§ i vidual ly
and i ndependently sel ected f on1§§?gg en, alk¥l, alko§¥, and al koxyal kyl ,
pref erabl y IRAFGFER WRE aHkyl. R st A5 Fe Ve XBHRT €3 D AREAYY i ncl ude,
but are not limted to,ethenyl, 2-propenyl, 2-nethyl-2-propenyl, 3-butenyl,
4- pent eny| ,maind x5 -dempariplinge sj@enalvMeg t2rpy oferAmMPrIRest ér riisgiokplendi oxy"
as used herein, alone or in any conbination, refers to an -Q CH2) nO- group,
wher ei n n imagyief,eeabl Y71 @mp2isabda vikeneitiahheigxy gescai-ons are appended
to two adjacent carbon atons of the parent nolecular noiety, preferably the
two adj acent carborcebeEEneé @iphembtherngxalepe esentiad i Mereawampl, es of

al kyl endi oxy include, but are not |limted to, nethyl endi oxy and

et hyl endi oxy.mdbie & etax18hkysybrisss usakaher €bn, sebeNey Af ddleddpk

conbi nation, refers to a straight or branched hydrocarbon chain contai ning
2-7 carbon alomy WebBoRt LERSE: ONRy car bpprcar hopetoial e pond (RazCC-Ro) ., Ra
and Rb referring to substituents, each individually and | hdependently

sel ected from hydrogen, alkyl,  alkeny], al koxy, and al kpxyal kyl, preferably
hydr ogen a&?@ﬂ%@ﬁty ﬁ%pF@ggﬁPﬁ??vg'e aﬁbﬁ%§'&¥'awgﬁﬁﬁlziﬁ%WﬂHéFeﬁut are not
limted to, acetylenyl, 1-propynyl, 2-propynyl, 1-butynyl, 3-butynyl, and
2- pentynyl .a Tmemberm dial kbey"phsraiséy hef eiavdembuode orhdueiany Pcorbi nati on,
refers to an al kyl group with 1 to 7, preferably 1 to 4, carbon atons
appended to agﬁFgrnD C | et I y.ge i

Representatr Zegganp es o aFt@é§ﬂ¥%§I%dgglgg?pa?gnﬁé%gl%é#§é£¥¥ﬁ?, met hoxy,
et hoxy, propoxy, 2-propoxy, butoxy, tert-butoxy, pentyloxy, and bexyl oxy,
especi al | y PEIHbXYSCHPES ¢ ebn CAFRBXSRA k§| 'diagengdedakeisi n, 24l ohe or in any
conbi nation, refers to an al koxy group appended to the parent nol ecul ar

moi ety throcgpimesl kgl hpwwifisRepeesent akitvéxexarpl e oheahkoxpal kyl

i nclude, but are not limted to, terr-butoxynethyl, 2-ethoxyethyl, 2-

met hoxyet hyh¢cegainget Hdpey netinglc. Thdeverdn "ahdkoxyiear ohytdlitys wfed herein,
al one or in any conbination, refers to an al koxy group appended to the

par ent nol ecodewoussi.ety t hrough a carbonyl group. Representative exanpl es
of al koxycarbonyl include, but are not limted to, nethoxycarbonyl,

et hoxycar bonyl , nddcordabotoxychr dortier Exempéenvl atkexjweeomp, al kyl ", as
used herein, alone or in any conbination, refers to anal koxycarbonyl group
appended t oat hespaseatiom| ecparsamietyedryw oimh stromingyla gradghook
Represent ati ve exanpl es of al koxycarbonyl al kyl include, but are not limted
to, met hoxyems baivdemiohy| coft hoxs arboay gt opyddewdidaoxygar bonyl hutyl, and
2-tertbutoxycarbonylethyl. The term "al kyl carbonyl” or "acyl", as used
herein, alo | y i ign, refers to kyk g appended to

t he parent ﬁg?%%ﬁﬁg?%#ofggggkﬁé%ugH é Ea?an%V g&gﬁg.ﬁRepéegéﬁﬁggive
exanpl es of al kyl carbonyl include, but are not limted to, acetyl, 1-
oxopropyl , 2, et hgf - Ithex optepsd 1tvl- ekomadawordad Mhepseidentyl = The term
"al kyl carbonyl al kyl ", as used herein, alone or in any conbination, refers

to an al kyl ggfpopylyie.uUprapeengedséd thaipanedt e Lcul asmpPiHing t hrough
an al kyl group. Representative exanples of al kyl carbonyl al kyl include, but

are not limted to, 2-oxopropyl, 3,3-dinethyl-2-oxopropyl, 3-oxghutyl, and
3- oxopent yl S5 VEFHPT A k C§P88ﬁ§?%§ya,égé98§33 W%F&géﬁ éFEﬁeBOr in any
conbi nation, refers to an al ky| carbonyl group appended to the parent

nol ecul ar nEBPBRYLI oBghPF™bixiATen ShEFU g tREFr estMl atdi vBSBRANFSS of

al kyl carbonyl oxy include, but are not limted_to, acetylox )

et hyl car bongFes§singhd ths r -HigtsH céFﬁ@W?F@xy?n¢het?%rnP'%ﬁ%%%?ﬁnfQﬂnﬂ", as
used herein, alone or in any conbination, refers to an al kyl group appended
to the par eAPCE¥P%H ar noi ety through a sulfinyl group. Representative
exanpl es of al kylsul finyl include, but are not Iimted to, nethylsulfinyl
and ethylsulfinyl. The term "al kyl sul finylal kyl", as used herein, alone or
in any conbination, refers to an al kylsul finyl group appended to the parent
nol ecul ar noi ety through an al kyl group. Representative exanpl es of

al kyl sul finylal kyl include, but are not limted to, nethylsulfinylnethyl
and ethyl sul finylnethyl. The term "al kyl sul fonyl", as used herein, alone or
in any conbination, refers to an al kyl group appended to the parent

nol ecul ar noi ety through a sul fonyl group. Representative exanpl es of

al kyl sul fonyl include, but are not limted to, nethylsulfonyl and
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but are not Iimted to, dinethylamno, ethylamno, and
benzyl - (nmet hyl )am no. The term "am noal kyl", as used herein, alone or in
any conbiwetzogsn7snefers to an ami no group appended to tlpeTpBZ®HDONT ecul ar
noi ety through an al kyl group. Representative exanples of am noal kyl

i ncl ude, but |1 ted 1.q, - t 3 - ion
ponzyl < (mot hyl ) & RBREIIYIZE A aPRETRYT am et fg1 - Fha " P

" 3 b | n " " N H H :

combi pati Ooﬁf‘y ngpgﬁcamcaéParWé’éhme $euzgd, ber gﬁ&rﬂﬁ%%s‘?r A8y

a:
§to an anino group appended to the pParent no

nclutle, bARFAHoPAl i ¢ RGOF R Nt T R o, exeeuEdbggcarbony

benzyl - am nocar bonyl , .and et hyl am nocar bonyl .. The ter. .
"ani nocar bRy |3l 1¢?1a§aﬁge3¥ﬁg?ﬁ%%?’ o e%ﬁoﬁq1%§%fg%8n€ﬁﬁng%%, refers
nded to_t arent. nol ecul ar Lety through

t ' banyl ! h .
an al kyl groW=RepFESent GHTVE ekhipl 88 of “SRTTOEAPHony TS Kt et ude, but

are not limted tg, 2-am no:2- oxoet%gl %:%benz | am no) - 2- oxoet hyl ,

- (ot hyl amCHBFL828%0EPRET D10 afind 4 o6 RBEHYY | Tokfy  Sccessing 2

4- (di met hyl am no) - 4-oxobutyl . The term"aryl", as .used herein, alone or in
an§ conbi%éFM&HP%FefEPs ?8¥§¢%ar%%%yc?'c %?d%%“ﬁg&ﬁﬁg 5& IéﬁgFXSﬁe aromatic

ring, e.g. phenyl or, biphenyl, especially phenyl, , or | tipl.e condensed

[ hg. syst efBr T oRpaRAERS Atd edbe. oRetoripid amghaife, THE o RrEpSgRyS

t etrahydronapht hyl , naphthyl, anthryl, phenanthryl, and fluorenyl,

especi al | y conprisingt at £ak§Hr eagapyeRy| A napetaa ety mdarfpdevwPEesaryl group
may be optionally substituted with one or nore functional groups

i ndi vi dual | g ,ang isndgpendeht | yheet ect"edcdummsalsk eny numdkkoxyf ahkoxyal kyl ,
al koxycar bonyl , al koxycar bonyl al kyl, al kyl, al kyl carbonyl,

al kyl car bonyl al kyl , al kyl car bonyl ox al.kyl endi_oxy,(;especi al |
nethylendi6§§¥FhéF¥yI%%If?%?W?ra?ky §ﬁﬁﬁphyﬁélRylygdfkglsﬁﬁ%%%ylg

al kyl sul fonyl al kyl, al kyl thi o, alkylthioal kyl, alkynyl, am no, am noal kyl,
ami nocar borSAmPTdieFo car oA KIAtTigr yForRaifiank sigen dreatarryl ddy,
aryl al kyl, aryl oxy, aryloxycarbonyl, aryloxycarbonylal kyl, aryl sul finyl,
aryl sul fi nydaddoilsesany Bsadday matatiyl, suhfony| abkyplisas yd thdmitian
aryl t hi oal kyl, carboxy, carboxyal kyl, cyano, cyanoal kyl, formnyl,

fornyl al kylei it qeibihalealkaxyachalogaldny £ ihetkereepabyl, ahydraxy,

hydr oxyal kyl ,” mercapto, nitro, and the |ike, such as al so aryl carbonyl I|ike
especi al |y pheml ey Benybdeld Ry @1/@boR8sr 8 £seM gue and 'of thks term
preferably represents a phenyl or naphthyl, preferably a phenyl, radical,
sai d radi cabs;heiing opt | 9Rabkys N0BAGS UhShishit edndy thal earn, opl kyk, al koxy,
-CF3, -OCF3, phenyl-al kyl or phenyl-carbonyl; or di-substituted with a
substi t uentydndepeRdert kyasgdect ed from hal ogen, al koxy and phenyl; and
nost preferably represents phenyl optionally nono-substituted by hal ogen,

al kyl, al koxy, -{F3,ccoP@ERce PREAY! @ty @aPPeBYbs CBRDOIWendiReny!

di -substituted wmth a substituent independently sel ected from hal ogen,

al koxy and &h%@y%%ﬁrr RaAPhtvh i ndhecd e’ anvlsalk-kepybns, ase%%q@lgerei n,

alone or in an Ination, refers to an aryl group append to the parent

ol ecul ar TOASSds dd ! Th A HERY bnIbQUP: nd NG QI Hh O UD I A
unsubstitute (%¥M%ﬁ5%#??h?E&?Jespec?alIy éggde?ined_hereinabove Fhr t he
R T R o e S I e e
2-napht h- 2- yligbhenyindhe Leemt igty! oal komeormdtlaed higlel Ledlpne of I
any conbi nation, refers to an aryl group appended fo the parent nol ecul ar
noi ety through an .al kox I . .The p ?ﬁy unsu i ed or
substi t ut ed?gm Tolescjinﬁ |l§/ Caeg‘vgggi r‘%ld %%%Jl’nge[)n(%ea orss{lﬁlg a%ry é%%k%&g{
Represent at] ve_exanpl es _of .aryl ~al koxy_ i ngcl a 'ﬂ%éed to,
2-pheny|eth%%y?eg?g%hgﬁﬁlBgnﬁyFG%ﬁégéﬁﬁ g?nggﬁFﬁgg@§|%§%%%§R§ﬂ 6 is
"aryl -al koxy", this termpreferably represents benzyl oxy or

et o e cshe il e . SharRPeY | CSREERGIS atabk Shelherd  Bim any
conbi nation, refers to an aryl group appended to the parent nol ecul ar

noi ety through an al kyl group. The aryl group may be unsubstituted or
substituted, especially as defined hergi nabove for the aryl group.
Representati ve exanpl es of arylal kyl include, but are not limted to,
benzyl, 2-phenylethyl, 3-phenyl propyl, and 2-naphth-2-ylethyl, such as
especi al Iy benzyl, phenylethyl, phenylpropyl, 1-phenyl-ethyl,

2- phenyl - et hyl , di phenyl nmet hyl, 4-penyl -benzyl, 3, 4-dichl orobenzyl,

2, 4-di chl oro- benzyl, difl uoronethoxy-benzyl, 2-chloro-benzyl,

4-chl oro-benzyl, 2- methylsul fanyl-benzyl, 2-fluoro-benzyl,




The term "carboxyal kyl", as used herein, alone or in any conbination,
refers to a carboxy group appended to the parent nol ecul ar noi ety through
an al kyl woougo7Repr esent ati ve exanpl es of carboxyal kyl pcmaBdepocort are
not limted to, carboxynethyl, 2-carboxyethyl, and 3-carboxypropyl. The
term "cyano", as used herein, .alone or,in any cqnbinafion,. refers to a -CN
group. The & ePh Ry ENb6al9y| #9881 E Ther efn,_ aloneé 32} “j nw%enlie cénbi nat i on,
refers to a cyano group appended to the parent nol ecul ar. noi ety through an
al kyl grouForREpFeseft BUMPET eRAnplesPbtr&Yidio stk yFodaiardde "PEHEIAr e not
limted to, cyanonethyl, 2-cyanoethyl, and 3- cyanopropyl, especially

2- cyanoet hyp. Fhe R@WMP, cyshead kyV", @mnusegsherei mnidhowe ortihxany
conbination, refers to a saturated cyclic hydrocarbon noiety containing
3-10 car borbo%%éingpéageﬁl L¥csshst | @ ubegp 44k oned DigdARIIe nBkQYRS, each

i ndi vidual l'y and 1 ndependently sel ected from al kenyl, al koxy, alkoxyalkyl,
al koxycar bonyl , .al koxycar bonyl| al kyl, al kyl, al kyl carbonyl

al kyl car borﬂﬂdaIkaf/ll ?O‘%ﬂ%ﬁe@aﬁbBﬁW§%’y”}n iﬂWPGWBF%*?,W%ﬁﬁDSlﬂa‘FPHVF,

al kyl sul finyl al kyl, al kyl sul fonyl, alkglsulfon | al kyl, alﬁylthio,

al kyl t hi oal%d | %-Irl?;tnylc,"d&ﬂ‘f’ﬁé, 3R noEliky | P niddar inycodewords

am nocar bonyl al kyl , aryl, aryl al kenyl, arylalkylox¥, aryl al kyl , aryl oxy,
aryl oxycar WG,SPQPQFog?C%r eaPRY| OF ar B RiFeryicy af yiRdmFSTyl al kyl |
aryl sul fonyl, arylsulfonylal kyl, arylthio, arylthioal kyl, carboxy,

car boxyal kyl, cyano, cyanoal kyl, fornyl, fornylal kyl, hal ogen, hal oal koxy,
hal oal kyl , heterocyclyl, hydroxy, hydroxyal kyl, nercapto, nitro, and the

| i ke. Representative exanples of cycloal kyl include, but are not limted
to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, and
cyclooctyl,E%%ﬁééﬁﬁPF99E9%¥dﬁ%d#¥1%§HH¥9%$bhexyl. I n polycyclic cycl oal kyl
groups one of the distal rings may be aromatic, e.g., 1- indanyl,

2-i ndanyl , tee¥dhydr Bhaphe hyl isbixyEldf 4chay oef aan, BbogimeRt 70§ | and t he
like. I1fR 7 and/or R8 represents "cycloal kyl", this termpreferably
represent s theystdodalppy ot ciitd dresgntr daveriionsai d radical s, especially
the cycl ohexyl radical, being optionally substituted with an annel | ated
benzene ringooMie teFagutreye| ol kenyltllawgragyenoatfkynyl "exegplag®d her ein,
al one or in any conbination, refer to unsaturated cyclic hydrocarbon

noi eti es costexigy ndistrilmssitoronén c dobbn-si@ayonaddulfluglodesar Is®acear bon
triple bond, respectively. Such noieties nay optionally be substituted with
one or nor ebgrwreps casledpsdassed mmdeibpakove for the cycl oal kyl groups. The
term"fornyl”, as used herein, alone or in any conbination, refers to a
-C(O H groupooTiie terrigtfer dryl B¢ ky| diagrmmused shévasien, staltdowe endi B any

conbi nation, refers to a fornyl group, appended to the parent nol ecul ar

noi ety t hr oughi lan sadalcylongnoipiz Represedebodke exanpl es of fornyl al kyl

i nclude, but are not limted to, fornylnethyl and 2-formylethyl. The term
"“hal 0" or "fmbogen", FAguused her e riload aheror ofn they medioidnatfi aie refers to
fluorine, bromne, chlorine, and iodine. The term "hal oal kyl", as used
herei n, al oheveérition.any conbi nation, refers to an al kyl group having at

| east one hydrogen atomreplaced with a hal ogen atom Representative
exanpl es of hal oal kyl include, but are not limted to, chloronethyl,
2-fluoroethyl, trifluoronethyl, pentafluoroethyl, and

2- chl or o- 3- et REMedcribheoher m " hal oal koxy", as used herein, alone or in
any conbination, refers to an al koxy group having at | east one hydrogen
atom repl aceghovkit h arhalsageskaiam dlepriesepteddme exasrd ies , ofcHealeoal koxy

i nclude, but are not limted to, chloronethoxy, 2-fluoroethoxy,
trifluoromet Boxyro@iubpentirafl ldieeaetboxyinathe trenmstbenet dayclndsed as used
herein, alone or in any conbination, refers to a nonocyclic, bicyclic or
pol ycyclic hifGosysbemngithal Ny Mpnifud SchbAga Bt aiBtande | e@striene of
these being a heteroatom preferably one to three heteroatons,

i ndependent Lysssb&ed esiiomuad tRgahe ALERA16" codkEvhctildie hédlibayst em may
be saturated, partially unsaturated, unsaturated or aromatic, nobno- or
bicyclic. Representative exanples of heterocyclyl include, but are not
limted to, furyl, imdazolyl, imdazolinyl, imdazolidinyl, isothiazolyl,
i soxazol yl, norpholinyl, oxadiazolyl, ®xazolyl, oxazolinyl, oxazolidinyl,
pi perazinyl, piperidinyl, pyranyl, pyrazinyl, pyrazolyl, pyridyl,

pyri mdinyl, pyridazinyl, pyrrolyl, pyrrrolinyl, pyrrolidinyl,

t et rahydr of uranyl, tetrahydrothienyl, thiadiazolyl, thiazolyl, thiazolinyl,
t hiazolidinyl, thienyl, thionof holinyl, 1,1-dioxothionof holinyl,
benzi m dazol yl , phthal azi nyl, benzot hi azol yl, benzothi enyl, benzoxazolyl,
benzofuranyl, indolyl, indolinyl, indazolyl, isobenzofuranyl,
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two annel | ated benzene rings, which benzene rings are unsubstituted or
substituted with one or two substituents independently selected from al koxy
and - CF3;wbi2)e/@s1no- substituted phenyl ring substitut edraBidos/b@bogen; or
(iii) phenyl-al kyl, wherein the alkyl noiety is substituted with phenyl.
The term "hef gL 0aryl senas/disediRengidn, abpneQbxifgan cerhLpatdQn, is a
speci al case of heterocyclyl and refers to a nono- or bicyclic or polycyclic

aromatic ripgnsy:siem di v Cﬁo@ﬂw&ll@%er&ﬁ:@ru'&@&@ﬁp%%claisc dd N jR,Aromati c.

The term "saturated heterocyclyl™ is another special case of "heterocyclyl"”

and refers o -satated,ddings anhedefinednaloye o7 codeiERC%H Wne The term

"het erocycl yl al kenyl ™, as used herein, alone or in any conbination, refers

to a heterogyelylaiH0URoARPENELd sbRhREPar 1 1 Al gCul ar QD gty Lhrough an
al kenyl group. Representative exanp?es 0 heterocyclylal@ényl I ncl ude, but
are not |inyigd: - PYk-L 65 3 t Yl 3- QU hR- 3= n-2-yl, and
5-pyrid-4-§%p§%¥%%?3%yl%E#gé§?5¥%§"Rg?eﬁggyc?§F§%E%§y"?8%é¥{ﬁ§;fQWerein,
alone or in onfj ion,.refers ter Lyl group appended to the
par ent nol e[g%?%?&rron?%%@i'{ﬁr oﬁ{%}h gln a%ﬂ%oe%?ggr oﬁ”%%‘yf%é%r egtélﬁat ateir\gegrgé’xarrpl es of
het er ocycly ¢9§¥ i.ncl but. -ar t limted 1o, 2-pyrid-3-.ylethoxy,
3-quino|in-§?% proﬁ%§§)%§% 95¥%§?F%?ﬁ?yF%%ﬁ%@=%x§? %%%Qt%EéEVld&gl
"het er ocycl | " ed, herein,, alL.one or i ny conbination, refers to
a heterocyc¥%€L§¥oﬁ€d%%83§del tc$q4%% p%?gntgﬁﬁcgcﬁfﬁw nBPet y"&Hr'dugh an
al kyl group entatjve ex | es eterocycl ylal kyl include, but are
not |ini tedc?%qpér?d;y’?ﬁg d-gg?%ﬁ rcr)gEE% agﬁ&lag:- pyti nt Of n23YyiBPodiAt* Fhe term
"het erocycl yl oxy",. as_used _herein, alone or_in any conbination, refers to a
heterocycly¥°§%@hﬁ?§a§%@ﬁﬁ¥ﬁ o' t FBepatent FDEERAA T neR@t yCedasugh an oxy
roup. Representative exanples of heterocyclyloxy include, but are not
g p p np ycl yl oxy
limted to,ppyris 3 yloxXy i nolyi -¥Loypyy [The term "hydroxy" or
"hydroxyl " as used ﬁ%rein?ﬁgfbﬁgJ%TngmgAy BgﬁkAnation, refers to an - CH
group The term "hydroxyal kyl", as used herein, alone or in any comnbination,
refers to apghkyl grgundavkagofl Leash.ons dudogen aLam ephaced by a

hydr oxy group. Representative anp ydr oxyal 'Kyl icfude™5ut are not

limted to, yet.hyl - hydr.ox 3- hydr oxypropyl. and
2-ethy|-4-h?%%%%%ﬁ%%ff#¥fﬁﬁévgﬁnﬁgn'?%gxééa% ﬂég%oﬁeféf ,e%ﬁ%%%&%&~ in any
. 0xQ", as_used herein, alone

conbi nati on ens, to - r oup. .JThe.ter
or in any c%%%?egnoa klsson,Wiratel} Z%e?%e%n glafrgc}ao]ljp%ﬁ%antde m PORPLELEE - ysed

herein, alo ro.in.any nbi nation, refers to an -O group. .The terns

" er capt 0" %ﬁ%éEQHﬁa&ﬁyf %%eu§§ﬁsﬁ5?%P%,1§I5ﬁia§?giﬁ°aﬁg gﬁhﬁﬁﬁﬁﬁpon, refer
to an -SH group. The terms, "thjo"(synonym 'sulfanyl!”), "sulfinyl" and

"sul fonyl ", c%sélhoso}cf &Pt i ap%}ﬁe lfrﬁx‘ancg}"odfgﬁgi n‘%%-‘)r"tﬁﬂcer ePEr %6 a -S(On
group with n= 3% %iand 2 respect%iely. VWthiH t he scope of the present
invention, GRTEEPN ndifcal’@3Sot REP I Se, M EGMIGEHds 1B RRITEN ot
pharmaceutically acceptable salts thereof are included, that may exist in,
and be isol%ﬁ%ﬁ?ﬁqfs | WSS FOT mEONFRER T ndSciftet ofetasts- i sdwers or

m xtures thereof, angétautoners. Ot her .conpounds _of this invention may
cont ai n oneSHYS BT O ELBRES ge hf A& O RHRet r MELRRRt eFRCLiRfbh heFedRe or nore
asymmetric carbon atons, and thus nay give rise to optically pure

enant i omer sTEHTS&Ur O¥RaRPF 8T Tistiadeira ¥ s tabhag t Fomatagsier ©F

di astereoners, mxtures of diastereoners, epiners, and other_ stereoisoneric
forms that W&y beSufgHiehifitAnger nPrePeERE0l UPE st BiEBRMEIRE IMRteas (R) -,
(S)- or ( econfigured, preferably in the (R - or (~-configuration. Such

i soners cantHPOERNe ANy Vhet P oSSR THINY PREARRIVF SRyt ERE Sl led in
the art, e.g. by stereochemn cal” controlled synthesis using chiral synthons
or chiral rgﬁﬁenF§Fh8?1%y FORASTBELEPassPEal safar ableskteamilgiés, such as
chronatograghic or crystallization nethods, or by other nmethods known in
the art, suekER%hroughsEBiRHtiBh of Ofi ast@dswisadisc saind, feesyxanpl e by
salt formation with an enantionerically pure chiral acid, or with an

enat i omer i cRR¥3Mghara Z8hitPAl base, or by neans of chromatography, for

exanpl e by using chromatographic materials nodified with chiral |igands.
Furthernore, the present invention refers to conpounds containing centers
of any geonetric asymretry, |ike, forlexanple, unsymretrically substituted

ol efinic double bond, including E or Z geonetric isonmers and m xtures
thereof. CGenerally, pure isoners of conmpounds of Fornula | are preferred
over isoneric mxtures.In the present invention, the conpounds of Fornula I
may be used in the formof pharnaceutically acceptable salts. The term
"pharmaceutically acceptable salts” refers to relatively nontoxic,

i norganic or organic acid and base addition salts, which retain the

Y o o o - Y " o o o



addition salts. These salts can be prepared by addition of an appropriate
anmount, usually in stoichionetric ratio, of an al kaline reagent, such as
hydr oxi dewocasdnopzbe or al koxi de, contai ni ng t he appr oprcatiB200abécom, to the
free acid in a suitable solvent. Preferred inorganic salts include, but are

not limted to, anmmoniu sodi . pot L.um, .cal ci r ggﬁ?fsiu al so
zinc salts QA" he Iﬂ%egﬁﬁrgg%#%%ﬁﬂgaﬁgécﬁg%Fﬁgﬂ(¥$g%$o?ga. cebgggs

i nclude, but are not Jlimted_to, salts of_ primry,., secondar and tertiary
ani nes, sutéjﬁ t EEEP B e s TEEGEFIEE arﬁsnerél?g%ng%bag%l% iaocr?oé“féﬁﬁﬁg resins,
such as isopropylam pe, trinethylam ne, diethylamne, .triethylam ne,
triprpgyla 4 f 8?thbF5n%ﬂE? ?y%??%?h?f?¥ﬁi F‘ﬁ@tﬁ?ﬁﬁfp%ﬁig¥ﬁg? t

pi peridi ne, pol yam ne, resins, .an e like. ounds, o e_presen

i nvention 3ﬁﬁt i YHE R gﬁd%Ea§?§m6&%ggs¥83ﬁla?sbnf m-t'nt er nal
salts (zwitter jions).For isolation or rification purposes, it is also
possi bl e tdﬂﬁ%é?ﬁﬁﬁfﬁQEeﬂﬁVc%FI?r&ﬁéésggtab g.§§IF§,¥fbﬁH§§§ﬁﬁP8d

perchl orates, picalinates, picrates, or t?e | i ke. For therageutl use, only
phar maceut &Y yoHtTe ptEBiIRd Sal T o]P_ef FE& t’:%‘f“é)'ouﬁ_ﬁs SEFECEHDTby 88 wher e
applicable in the form of pharnmaceutical preparations, and these are
therefore pﬁ@ﬁ@Fﬂ@H?lCé?@&ﬁﬁscﬁﬁﬁbﬁﬁﬁsm%@ FYrRAPAE | SSPAEFLRF ndPRei r salts,
may exist in solvated as well as unsolvated fornms, such as, for exanple,
hydr at ed fdifs scoPet Réi Fhe Brasems ABYERF B exanpl e, include the sol vent
used for crystallization. Different crystalline forns may be present. The
present inv jon en ng§ﬁ§ uc ol an uq%%JV rms. The
pr esent inv@ﬁ%#@n alég re a?gsgkgvgfog?ﬁgE%%%?@Stiggs 0 tﬁ%%%gﬁgnt
compounds ofoJlMULA lasscliBebe M " PHOMAD” GELeridp PhArmaglaaically
thor apet | cal Ly, actLve farm inder. physi ol agi g8l conditLons ig.viyo, for
exanpl e, mﬁ%ﬁn¥ﬁé?kﬁn é?é%?é%ﬂ%df?ﬁié?3%Hggﬁ%yﬁhf§% geaﬁggak?3n0¥n’blopd,
or in cell Sﬁeérgq?%%%%%{h%l_l'fiﬁe e %‘rg{;‘i- n{sﬁﬁ)rri g%%%z c%%ﬁt%a:? tz%hZ%Br El sevi er,

Anst er dam ( i T'vVerman e ani c em stry of eug Desi gn
and Drug Actiaqn p. 352-401. . Academ ¢ Press, S i ego,  CA _(1992); Hi guchi
&hcng&l% conﬁk‘%ggft J[%rh . § h ..méit&og S%lo’ e n(aar%

T. et ah, rug as y %@stéﬁs , ynp03|unVSeries,
Vol . 14). The term "prodrug" .also i.ncludes . any covalently bonded,carriers,
whi ch rel ear%aé”‘tnﬁgegct{‘h% rméLﬁ“flmcoérrlboorudﬁ‘lst iﬁl%¥%%c%8% admm éegéjf)}e{d to a

mammal . Prodrug nodi fications of a conpound often offer advantages of
solubiIity,c%ﬁ%ﬁﬁﬁﬁ%ﬁgbgﬁF¥?£nﬁ%sorption, tissue conpatibility, tissue

di stribution, or delayed release in the mammal i an organi sm Prodrugs are
variations goodgri vaghygseRimiia icomeeuRdsaef ooyl ad i dvhiGRichave groups
cl eavabl e under netabolic conditions, for exanple, pharmaceutically
acceptabl e esters,. or_am.des.. Such gro can_ clegved ebzymatically or
non-enzynat?%%il%%lo?fhy 7 oly ?Eaf?@eyégﬁﬁeiffggihéﬁ?égg,%Earggkﬁ, or ani no
group of the active parent conpound. |In another enbodinent, the prodrug is
a reduced fésrmraveshi Ehoms tbgri diized | pedeward oPt-he tTemapekreryatdmpound, for
exanple, a thiol, which is oxidized to a sulfonate or sulfate, or an

al cohol whigdkdés exidbmedcli® atthithoxydi beagadnefublhefemondhgdetewi t hi n t he
scope of the present invention are pharmaceutically acceptable esters of

the conpoungs,of- Ry aikeriberisd Mohannpeedli galbyiggcpptabhr esters”
refersto relatively non-toxic, esterified products of the parent conpound.

These ester s, can, e prenated. | nysi iy, ducing tbeahipal Lenlald o and
purification of e cahpoun S, Or by 'separately reacting e purified
compounds | g} {15, e ackd oL vl o0l wLaRMm Yk L8, A Suickabhe esterifying
agent . Car bo%y 1T 2T 5 E5r B convert ed I'Ato esters Via tfeatment with an
al cohol in the presence of a catal yst. Hydroxyl containing derivatives can
be convert eghdoh§0 eStlsv¥ip LERMAIENGE Weldh o eshefddivtn@Rgeriotsuch as
al kanoyl halides. The term further includes | ower hydrocarbon groups
capabl e of bging salawahed unges physiebegisgs cHitiass, fevnexanpl e,

al kyl esters, preferred nethyl, ethyl, and propyl esters, nethoxynethyl
ester, methylthionethyl ester, pivaloyloxynmethyl ester and the |ike (see,
e.g. Berge et al., J. Pharm ScL 1977, 66, 1-19). The conpounds of the
present invention have useful, in particul ar pharnmacol ogically useful,
properties. They are able to specifically antagonize the effect of
endogenous PGD on the CRTH2 receptor, and may be used for the prevention
and/ or treatnent of chronic and acute allergic i mmune disorders conprising
allergic asthma, rhinitis, chronic obstructive pul nonary di sease (COPD),
dermatitis, inflammatory bowel disease, rheumatoid arthritis, allergic
nephritis, conjunctivitis, atopic dermatitis, bronchial asthma, food
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by methods simlar to those described in Sawer N et al, Br. J.

Phar macol ., 2002, 137, 1163-1 172 and by the nethod described below in the
experi menvel2o@arrs22oW th this type of assay, |C50 val ues pCiraB2006/b@o10
concentrations where half-maximal inhibition of the interaction is found)

in the ranggo9fc :RQbnt gl OcAM eﬂé@%ﬁr abkyry8ltesn bekow k1AM i qpar ticul ar
val ues below 0.05 mM are found with test conpounds of Formula | .

Exenpl ary | £50, VahdleSodieisrdn e hidt . s tRsls are ghyenfgl owdaTable 4. A
functional assay with cells expressing the human CRTH2 receptor “may be used

to detect chanGsseddy e ASVELRON dlilkanel! uhat ealaldmaancentiatl on

fol |l ow ng conpound eat nent . ter addition e conpound thé cells are

chal | enged widd, P -ad nig Ehlorescent, | oRgi ad-RL1 & Bsader, (hlPR(tM

Mol ecul ar Devi ces, Sunnyvale, California | uorescence emssion iI's recorded

during bOthTﬁg¥£ Epns, Enhs§ion eakfval es_a ove(Paﬁg | evel after PCD

addi tion wer& exported "RBPHET i Zed t 6 F8W cBRTFHIE (Mo PED )P%ndThi gh

controls (no active conpound). The relative values of the remaining

activity weRePHdEFYt déPeEvnTaErEs01oas ubs B9t cenbEidiant e tiestdata to a

single site to a four-paraneter |ogistic signoid dose response curve of the

equat i on (A@QY@WEVGDRFUE{%)) e TREsShBETEign off Bheodehpolunds to

i nhibit PGD2 induced change of intracellular calciumlevels via CRTH2

activation e ne [ net hods known.to one skilled in the art or by
(@XZH %EeFSEOPé(, t#’ gxarg?kllene% af(f)h%a]?fe.swti Y 2e8say,

t he net hod SCri bed OW I h e exp | C50

val ues (i. t-he concentr.ation of .a compound at ich the renaining
activity i glg()jol}()ez%sn tgﬁe FiTge CSPT OO aﬁaaﬁﬁgﬁm%oé* epablaf 6w 0.5 v
are obtained wth test. conpounds..of _Forpula 1. Exe ry 1 C50 val ues

det er mi ned ‘?anrjt%tlls? Fest” aerqgerﬁyvgﬁsl%ﬁgl\fv@%n TABYE 55%e¥eé‘§ulnla§:rdﬁ t hese
assays clearly denpnstrate, that t present, i nvention provides functional
antagonistsc?§%WQﬁ§%P F&Eeptorcealt HE Badt'@ralhdaidkogit€alcast udi es

di scussed herei nabove, a_conpound of Fornula | according to the invention
may show t W& apEBFFESREFT cay SaghfHst O&hrddhi @1 28R SRAPMBOSEE éelyi ©Fi mune

di sorders such as allergic asthma, rhinitis, chronic obstructive pul nonary
di sease (COPPYS ™fdiitdt iSti s, inflammatory bowel disease, and rheumat oi d
arthritis. A conmpound of Forrmula I, a pharmaceutically acceptable salt or a
prodrug thergof, can be adm nistered alone in pure formor in conbination
wi th one orSepp® "ot her therapeutic agents, possible cqabination therapy
taking the formof fixed conmbinations or the adm nistration of a conpound
of the invention and one or nore other therapeutic agents being staggered
or given ingepeadentiy af wene -aR0tNami0fc hei £0My nad égﬂg%%&hgﬂ on of

fi xed conbi nations and one or ndre other therapeuti'c 4gents. A conpound of
Formula | ca sides. or__in addition be adm nistered especially for
prevention %ﬁd or tr é@ﬁth;o?l%%?hvsﬁg8ﬁFc aﬁ%”ﬁ%ut%hﬁlpéFﬁFé sorders or
i mmune disorders in cogbination with other inflammatory di seases. Long-term
therapy is %ﬁ%aﬁfy BEBSPLFE a¥itR AFtRiant St néPapsAvati®Re cdntekP of ot her
treatnent strafegies, as, described above. O her possible treatnents are
preventive 3Fet%pi 25, 2F ot "BXkANBReEPREBAL feAPBSAEUFFARD : The i nventi on
relates also to pharnmaceutical conpositions conprising conmpounds of Fornul a
|, to their use in therapeutic, in a broader aspect of the invention also
prophylactic treatnent or a nmethod of treatnent of the di seases nentioned
above, to tRe $BmOQYE) Por VOV P uder an2)-t2f t he preparation of
pharmaceutical fornulations (nedicines). The pharnmaceutically acceptable
conpounds of the present invention may be used, for exanple, for the

prepar at i onwlsér@hathaceptireakbteoipasibhonsrt hat geanpricsa xan vf f gsgti ve
anount of the active ingredient together or in adm xture with a significant
amount of ofesotiss®dembnor ganig, bergani ¢, solid or |iquid, pharmaceutically
acceptable carriers. The invention relates also to a pharnmaceuti cal
conposition that is suitable for adm nistration to a warm bl ooded ani nal,
especially a human (or to cells or cell lines derived froma warm bl ooded
animal, especially a human, for the treatnent or, in a broader aspect of

t hei nvention, prevention of (i.e. prophylaxis against) a disease that
responds to bl ockade of the interacti oh of the CRTH2 receptor with PGD
conprising an amount of a conpound of Fornmula | or a pharmaceutically
acceptable salt or a prodrug thereof, which is effective for said
inhibition, together with at | east one pharnmaceutically acceptable carrier.
The pharnaceutical conpositions according to the invention are those for
enteral admnistration, such as nasal, buccal, rectal, dermal or,
especially oral adm nistration, and for parenteral adm nistration, such as
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typically be determ ned by a physician, in the Iight of the rel evant
circunstances, including the condition to be treated, the chosen route of
adm ni st reDi200%/07512@ act ual conpound admi ni stered, the ageriBiweveoght, and
response of the individual patient, the severity of the patient's synptons,
and the like, faqr ex | e I en_usyally receive half.of th dults
dose. The ph@?%zgeuti@%a c%?r%%ls-%rgéleon%() c%ln%'rils’e Fom alpspr%)%(f%t[r@ %1%t0
approxi mately 95% preferably from approxi ly .20% t o .appraoxi mately 90%
active ingraditent’. aarrtnaggutallr%:alexgg %siotf:ﬂrg%lge adfBF QR t Oﬁqﬁwgﬁnventi on

be, f le, i it d s ch oat.ed d ted
Tab ots, | i et Bicighact  bhel BEREERL ORI 25, SO5HE Y S A0SR Lo
Furth d f o | I i nt ts,.. , ,
emul si ons, FEIHETEhdiabliE JUHRESEFREIUrESC [R5 SirEks COHFBRES o ays or
aerosol_s, syrups or gl,ixi rs, gi %ﬁer i ons,. transder nal }{)atches, ar pads, or
via an int r@W9tENCTGERRERS t Rht HEOCBadds The? nd i e hed

capacity, and the |like. Exanples are capsul es containing fromabout 0.05 g
to about 1.9igpradwEitwaxi ndreditent P The phimldacduth cal Ebapdidativedsl of the
present .invention are prepared in a manner known, per se, for exanple by
nmeans of cocemsiirahdlonm @ nghegr appllaedngo cdat | Ajrsdi sedewbng, in

| yophi I'i zi ng or confectioning processes. Solutions of the active

i ngredi ent, e Bdih &lcvRasHERERS] ¢iSR | ang asRRE ald YrbdsakeM& agdeous sol utions
or suspensions, are preferably used, it being possible, for exanple in the

case of lyophilized conpgositions, that conprise the, active_ ingredient alone
or toget herg%ﬁ?%?réldc&ﬁi %?‘,e f8?98§_a?r?ﬁ%£]ﬁ%r%ﬁi’tolé Of B such™ol ti(ijjons or
suspensions to be produced prior to use. The pharnmaceutical conpositions
may be sterfPESFranid ShenfyIeBnprreEinatE picefhsn Fopnekeidce back
preservatives, stabilizers, wetting agents and/or emulsifiers,

sol ubi | i zerso Bhg tEudldgdepaggbarfhepios nuttic natedsuive anddloyckh s ¢ros and are
prepared in a manner known per se, for exanple by nmeans of conventi onal

di ssol vi ng géndxafEhidaical BInpI oeadses-d The V@vdpsol utions or suspensions may
conpri se viscosity-increasing substances, such as sodium

car boxynet hyl cel | ul ose, carboxynet hyl cel | ul ose, dextran,

pol yvi nyl pytaoobildoneBetraged atthiis Susihedsilogg iappdiikscamer | Beclasliche oi |
conponent the vegetable, synthetic or sem -synthetic oils customary for

i njection posposastibher eomayhbe fbndét onedlcaasrduchrespesimdd vy drtgui d fatty
acid esters that contain as the acid conponent a |ong-chain fatty acid
having from8gd0 2%ragsneskal kief 1AM IRdiR 22 ceRHBRAs aiPVBP, f dlo,exanpl e
lauric acid, tridecylic acid, nyristic acid, pentadecylic acid, palmtic
acid, margaric.acid, stearic-.acid achidic_acid eheni.c .aci d .or
correspondi %g"llm'sat’urﬁat egl&ég%dgl?v?orghgxgﬁ%?ee%?ﬁg% (g%ﬁt ,lbe“}te%’lo i ¢Macid,
erucic acid, brasidic acid or linoleic acid, if desired wiith the addition
of “ant i oxi dSPEs L9 CHIBPEToP ARFIPES BY oYy ot Hghyer, the £iMal
3,5-di-te7t-butyl -4-hydrox tql uene. The al cohol conponent ofthose fatty

aci d est er schdswerdtaxi mint ¥Q 8" Bar boriht onkadad i&ifferentor gwingyhydr oxy,
for exanple a nmono-, di- or trihydroxy, alcohol, for exanple nethanol,

et hanol , prapanoibuthinanol , oatepent arabs frnicde | sapess t heaenfdednt
especially glycol and glycerol. The foll ow ng exanples of fatty acid esters
are thereforeotdihaamnti oned: widndr okedtbooksopriapyhsnysond@ingss | sopr opyl
pal mtate, "Labrafil M375" (polyoxyethylene glycerol trioleate,

Gat t ef osse, cBavés)ent M@ ¥ohoBd 2thét phgbyCcerEi dReoffisaturaiieatntatiry aci ds
with chain lengths of C8 to Cl2, Hiils AG GCermany), but especially

veget abl e oj tooseed Qi abnond Qi ol i ye. Qi | tor oil,
sesane oil, Eéé@bgﬁ&o@ %ﬁij if’)mr%geees%keicizé'l"?y 'g%%r# nut %)%II Flgéﬂgeh{sﬁejsecti on or
i nfusi on conpositions are prepared in custonmary manner under sterile

condi ti ons; °Ehet88mefappti e8naF¥%o 6 i Atroducfiig ERES coRpBRFRROHE i nt o
anpoul es or vials and sealing the containers. Pharmaceutical conpositions
for oral admeprssemtatdoncad ledeboak neththyiscadriinichy ebeiwsténie Hongredi ent
with solid carriers, if desired granulating a resulting m xture, and
processing the mxture, if desired or necessary, after the addition of
appropriate excipients, into tablets, jgragee cores or capsules. It is also
possible for themto be incorporated into plastics carriers that allow the
active ingredients to diffuse or be released in neasured anounts. Suitable
carriers are especially fillers, such as sugars, for exanple |actose,
saccharose, nmannitol or sorbitol, cellul ose preparations and/or cal cium
phosphat es, for exanple trical cium phosphate or cal ci um hydrogen phosphat e,
and binders, such as starch pastes using for exanple corn, wheat, rice, or
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active ingredient. For parenteral adm nistration, aqueous solutions of an
active ingredient in water-soluble form for exanple of a water-soluble
salt, or wQueeugsinj ecti on suspensions that contain vi segesiByosm@moeasi ng
substances and stabilizers, are especially suitable. The active ingredient,
optionall e . W4t LBi.en £84al I et o) of
Isophiliz;tgﬂgﬁg éu%%dgx?%ﬁgeg's%ﬁitlontﬁe %Pgﬁﬁaggngg?%Jé%%%Vﬂ%%tration
by the addifjon of solvents. A further object of the invention is a process
for preparing 2,3,4,9-tetrahydro-1 H carbazole conmpounds of Fornula I.
Compounds according to Formula | of the present invention can be prepared
accordi ng t mobkeg generah sefueaces oforBig! i PNSthetd | NediinuSchans 1 bel ow.
The conpounds obtai ned may al so be converted into a pharmaceutically

accept abl e sml exéhsTeef faslEomnnek KiFFerpat SBer&SPMAOHRES-Afidhe
i nvention may be manufactured by the application or adaptation of known

met hods, byambigdt | s1emands net hadeodsedrbepebahieeg oy descrihed.in the
literature, for exanple those described by Larock R ~C. in "Corprehensive
organi c tragsifdimf | pPSper B dBrt @iGeRCEbOPA ndHOURRRERM R RS, VCH
publ i shers, 1999. In the reactions described hereinafter, it may be
necessary tRopits eal @AChi weef Uardianal SrovRs, af WigHanpl&doxy,
amno, imno, thio or carboxy groups, where these are desired in the final
product, todewDi«h theidrdiayans esh Pakdi Pl @hel Bribent eAGHd NSy .
Conventional protecting groups may be used in accordance wth standard
practice, fohe exanphe yse8Q@LeAG LW andh MILS R Gabk ihi1Br Qiegli ve groups
in organic synthesis"}€WIey-:ﬁﬁ%efgciencé:(1989)?9Eeneﬁgﬁﬂ§,Q?%%&key step
to build upvéctord 4n9-ahet kahydpPaderdt C@irg}éﬁnggcggnlpfﬂgdcgércﬁ(}{a{@élsa |

conprises a Fischer indole reaction known to a skilled person{e.g. M H

Bl ock et al@fqpo@ﬁgiA_gﬁ%nw(gagg(3fu§),3%%%7g§§3é§?é£n%%%%%faéﬂ%aq%ion, a

phenyl hydrazi ne of Formula 1,7 wherein arée as defined for

ormila | Bndi ranieseato duluo0enoiHEOy ofyCREOL Il | § Condenoed
or 2 KOy, guhial 580 eabipeds pp POl il clgdhecpresess gl an acld,
From an i nt Ssa are o FoP il TOA i TR atreiyl 4 b etien: '8F Formula
L CreOCER ulskg) TR aBLesetse A Al g BOLRLIDLY eliheor et
Cui table. borubnbuer hs carBRLaS MR SRR oy i oo ver P8 7

par 1 cul ar Bra a1 So el BB pref er ably, i he compound
of Formula L-CH2CO2R i s ethyl brono-acetate. A precursor of Formula 6

wherein R6 f[epsasent s¢- MefRBn@st dlebé ngﬁoxﬁ?rﬁ&ﬁ‘aﬁ‘i’é’eeié’énﬁr%{t@i%(a\b’ and R
represents al kyl, is obtained by condensing an internediate of Formula 7 7

with a pri el odfansecendany ailne ff AR SBREI R b TRans of
St andard coupling reagents such as 1, 3-di cycl ohexyl car bodi 1 m de,

1, 3-dii sopropyl odij m,d 7= a OL.L | [ =)=yl ) e
'-tetranethyluf%%%%n%gigylﬁg?g%gggbﬁétggg%dggﬁgfgiR%?g¢%F%ﬁﬁ§ﬁ5%8§ence of a
base; or viéFtbe goLresponding acid halide of Fornula 8 8 wherein Hal
represents hal odgen, preferably chloro or bronp, in the presence of a base.
The acid halide is obtained by reacting the corresponding acid with a

hal ogenati ng reagent gpnder conditions known to a skilled person, preferably

by nmeans of pgglyl _chizori iﬂ}f%@_presence of a catalytic anount of ,
-dinethylfor$§%(ﬁ;—mpmgmggromhenxxﬁhloride (4)

orbis(trichl oronethyl)carbonate. A precursor of Formula 9 wherein R
represents al koxy or aryl-al koxy, and R represents al kyl, is obtained by
condensi ng the correspondi ng carboxylic acid with a reagent of Formula X-R6
, Wwherein X is a |eaving group such as hal ogen, in particular chloro or
brono; or alkyl- or arylsulfonate, such as nesylate or tosylate; in the
presence of a base. Hydrolysis of the COR group in Fornula 10 is carried
out using routine procedures, for example by treatnment wi th aqueous sodi um
hydroxi de or |ithium hydroxide; or trifluoroacetic acid or hydrochloric

acid, to give a compound of Formula I . A precursor of Formula 11 11
wherein R6 represents -NR7R8 and R7 and R8 are as defined herei nabove for
Formula |, is obtained by condensing the correspondi ng

4- oxo- cycl ohexanecarboxylic acid with a primary or secondary am ne of
Formul a HNR7R8 by means of a standard coupling reagent such as

a ~ N



A precursor of above Fornula 11, wherein R6 represents al koxy, or
aryl -al koxy, and R represents al kyl, is obtained by condensing the

cor r esponsiongosasi2oxyl i c acid with a reagent of Formul ap&TRB2006/06v012I N X i S
a |l eaving group such as halogen, in particular chloro or bronmo; or alkyl-
or arylsulfonate, such as nmesylate or tosylate, respectively, in the
presence of [&@Bake. Aﬂﬁx%%cWeVbﬁ@xanécarbﬁx9lrc &ciand of= Ta ik2 12
wherein R5 is al kyl (other than hydrogen), is easily aCJ d by neans of
known nethods (e.g. J. Am Chem Soc. 1946, 68, 338-340). A phenyl

hydrazi ne o#nFoidemtaild® IBaisiprepat edlien tsupes sstreps actoddnegetso known
met hods starting fromthe corresponding aniline: (i) alkylation with an

al kyl ati ng Hemgenianf FofpulaghtE€H2CO Rivwher ei BhRsr epr es@its cas 1al Kyl
group, preferably ethyl or ten. -butyl, and L is a | eaving group as defined
above in thearsmetévhzattbna cHnmpauotbrof afFor tuéa dodébodhe iy egernce of a
base, such as ethyl-diisopropyl am ne, cesium carbonate, sodi um hydri de,

pot assi um tentquély odkterat nkkle onicke thien thrsid twddwosol WENE, a8HCH as
acetone, acetonitrile, tetrahydrofuran, dioxane or , -dinethylformam de.
Suitabl e L &sea dbeaMinegl gr aep &eedt@s thalso, céaepaski @H ap (Ar eng)or chl oro;
or nesyl oxy or tosyloxy (preferably, the conpound of Formula L-CH2CO2R is
ethyl Dbronvraeetabekh (fo3 abl r@sEinoh bydeBass Pasnhuwniddi bg, or
anylnitrite, in hydrochloric acid; (iii) and subsequent reduction with zinc
metal in acehége achtlee Sietabke akedesganbeasplvents, which are inert under
the chosen reaction conditions. Preferred solvents are ethers, such as

di ethyl ether, diisopropyl ether,; 2-nmethoxy-2-nethyl gropane, [I|, 4]di oxane,
t et r ahydr of ur an B?P‘"_’L“,’Qu,dj,@t:hmw(- et hangy o al cgp_opg, such as net hanol

et hanol , propanol, isopropanolc.a uBdEdluca s6BUtandl/¢r tert-butanoi; or
hydr ocar bons, such as benzene, tol uene, xylene, hexane, cycl ohexane or

petrol eum dger.i hydr acar hons, hal ogenat ed hydr ocarbons, such as
dichloronetﬁ%ggﬁptrigﬁﬁgFo-ﬁ@Fﬂgﬁgp %%?&%fﬁid%ﬁ%e?%%ﬁ@?ld?&ﬁFépﬁéthane,
trichl oroet hane or chl orobenzene; or esters, such as ethyl acetate; or

am nes, sucdtetgeanri bvhylcadenmrds nBthy| Ther pipaliined, @ydésboles asg the |ike;
as well as dinethylsul foxide, , -dinmethyl-formam de, -nethyl-pyrrolidone,

N, Ndi et hylva aceiank feenheX aoRityurBRQSRROL G i de.q acgt 9515&9 e,
acetone or nitronethane. Likew se, m xtures of above-nentioned sol vents can

be el oyed; . Sui tiablie basesrused | ot heaprocesses. fggeri bed bereln can be
of inorganic or organic nature. Preferred are alkall neta ﬁydrOX|de, for

exanpl e i thi uBt SodksmMele p@%@éék?@bﬂ¥géoﬁi ecngarfde gbkalde nefal
hydr oxi de, for exanple barium hydroxide, alkali mnetal carbonateé Such as

sodi um or potasst UM Gakhenate. s %tk aldal ipgfﬁgﬁgﬁ%fgﬁ}agﬁ yEPST as

cal cium carbonate, or alkali nmetal of earth a oxrde, such as
Lde

sodi um or P ASS, d dg, Lt ' or - but o ._0r._organic
am nes, for exanﬁ#g%gﬁ%g?¥§I%ffglﬁggkggﬁgnegggh%ﬁggs %rleFﬁ§f5ﬁ? e,

ethyl -diisq /.- am Qr_ het cycljc,am.nes, .such as_1, 4-

di azabi cycI%%%%%%c?%ﬁeel(rbABcgo%%, Eba'ﬁarzga‘rb‘? cT S5, OBFlivERc-Fr- ene
(DBU), pyridine, 2,6-lutidine, 4-dinethylam no-pyridine,

1- et hyl - pi P& dhet oFmad ndeh\ClBrshatd nehe FAFThersoris tlhkataseetal s,
such as sodjum or hydrides thereof, such as sodi um hydride, can be

enpl oyed. THe abdvelhdAtlbREdtBadsesrpdn cioéigsed fs amaci doalgeald. Suitabl e
coupling reagents act as dehydrating reagents, for exanple carbodiim des,
such as di iSIpIHA R Dodi iTHdeeigrey¥reRexylaadrdddberndaddad as

- (3-di met hyl am nopropyl )- '-ethyl carbodiim de hydrochloric acid salt; or
carbonyl cApo@dds tidneed cReEBFEMEtEti-ni dakel ean orexBndplexazobiEunttenpounds,

| i ke 2-ethyl-5-phenyl -isoxazolium 3-sul fonate, as well as

2,4, 6-tri prFRALIL 3, 512vangipni oxdthrayshospher i nawec2,i4est t ri paide ( PPACA
propanephosphonic acid cyclic anhydride), or alkyl chloroformates, such as
i so-butyl (Qﬂtolrr@mﬂqfﬁmre; orer vector a and the first codeword

(benzotriazol -1-yloxy)-tris-(di methyl am no) - phosphoni umhexaf | uor ophosphat e
(BOP), O (benzotriazol- 1-yl)- , , ', '-tetranmethyluroniuntetrafl uoroborat
(TBTY), ', ', ', '-tetramethyl-O (7-azabenzotriazol e-

1-yl)-uroni umhexaf | uorophosphate (HATLY) and the |ike; or

bi s(trichl oromet hyl)carbonate, or di phenyl phosphoranm date, or

met hanesul fonyl chloride; if indicated in the presence of a base such as
triethylamne, or 4-ethyl-norpholine, or 4-nethyl-piperidine, or

et hyl di i sopropyl- am ne. Particul ar enbodi nents of the invention are
described in the foll ow ng Exanples, which serve to illustrate the
invention in nore detail without limting its scope in any way.
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Et OAc et hy

acetate Et OH et hanol Ex. Exanpl e FLI PR Fl uor escent

| magi ng Pl ate

Reader g gran(s) h hour(s) HBSS Hank's Bal anced Salt Sol ution HEPES
4- ( 2- hydrwwyedsnybsde pi per azi ne- 1- et hanesul foni ¢ aci d H2OpeatiBzookioo10
hydr ochl ori ¢ acid HPLC Hi gh- Performance Liquid Chromatography H2SO4

sulfuric a
di hydr ogen
chr omat ogr
nol e(s) MS

NaH sodi um h

Na2CCO3 sod
sodi um hyd

THF tetrahy

Chem stry

c
p

“RhLs
%

ind i Ca3
E‘o’s Eﬂg% {:aﬂ Ké% Bu p
mm crg mmlli
1¥nect Yhs &G MW
ride d

t&atBork

nol

i G
d
CGener a|

remar ks: All

RQt 35 MM 58

otassiumter

bog

Gt ox
ar

nat e
MeCH net hanol

r

Qf assi.um
%ﬁ%ﬁ@’(éﬁnié% qui d
mn mnute(s) nol
ecOtarefEi ght NRFor s t wodmsol uti on
sodi um chl ori de NaHCO3 sodi um hydr ogencar bonat e
Nah®2 S&EdSTn Fike r Mes LRAOAC S HT i
xi de Na2SO4 sodi umisul fatetR retention tine rt !
tOFAraR PBVECEEr (tisut GPABYAYAEL REr tHFA ¢PRePaskodedtiac aci d

sol vents and reagents are used as obtained

raed NaOH
oom t enper ature

from comer ef'8l LERF X6 ulf et ferGReE Tyl kot e®T ThéSst areissgtmateri al s

are obtain

ed from conmerci al

sources or synthesized using standard

literature PRBRRELPRS. VFERYSr atthdls aPé i rfdiccat depndeeegr Hosh@ellsi us (C) .

Unl ess oth

erw se i ndicat ed,

the reactions take place at

roomtenperature

(rt). In miKPUFREUCEEPAL i ondt ofl haifistances! vearte orieiment Chondedgent
mxtures in liquid formare given as volume relations (v/v),
i ndi cated ofthefaRse. W epapPaoved chirabkabepzirat iiows earen perfaor med on a HPLC

i nstrunent
Det ect or

Di pagxm

equi

o

unl ess

pped with a Dinoex P580 binary punp and a Phot odi ode Array
‘F’%A 400f BBengraseatcénventiabcel OD col urm (20 x 250 mm

10 mm) under isocratic elution conditions (% B) enploying Et OH (el uent A)

and hexane

(el uent B),

run tine 30 mn;

flowrate 10 m/ m n,

detecti on at

220 nm The conpounds are dissolved in EtOH before | oadi ng. HPLC/ M5
anal yses (Ler928i o Tabrl® Zare performed on a Waters 2795 Alliance HPLC
equi pped with a Waters 996 Phot odi ode Array Detector and a

i nstrunent

M cr omass
det ecti on
D onex P58

78 t m) “W4t2r s nejss=Bpect|
at 200- 400 "Am or%g)ilggsa Agi

e[ (16]]e
k&Rt on1100
WecdB0 Phot

di ode Array

cteronaspray | ori(lh%g;t‘lri dFEpnce
system  equi ppedawhbn a

ety  and

Fi nni gan A(jA

hinqry pum.a. . Dionex P
[

mass s B’gc({)r ometer (LGS
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Ofcemeear 1 0,
5%to 95% B
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e r dteey G) /5 mi 7T m n.
olum (4.6 x 50m
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1 LG22

Abal
5 M. L

D6% form c

Widscal o lekiaC
neRSTYr AdiEnt
ac'hadoig ) from

. BeVWALRES |
of water/O.

5%to 95% B
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colum (2.

acid (A ap

1 mnj

%9 M/ n. - LG
N1 5 nm| Waters).
itrile/l0 06%.for

8 2AA Yt
Li near gra
M. c acid (

CcEl22MPLC M a
o.szsg - 0,2752i
2 Of

dicen .anat er
P ey 5348

Crueabi d-7sM5
/0.06% form
5% B_over 6

mn; flow
colum (4.
and acet on

5 hin, LG 4
n 5 M| Linear
06% forimc acid

Knal yti cal
gr adi ent  of
B) from 59

B E ol o0& zor
wett- e8¢ 0.0089%. f
b §.0.88% B over

Ba¥>58- 46
ormc acid (
1 mn; flow

rate 3 m/
m 5 m):
acetonitri
det ecti on

-6%. (6Anal ytical H
radi ent| of water
om5%tijo 95% B o
20, 230, 254 and

PLC 10n4@ 20
§04% trif
ver 1 mn;

280 nm

I Baxs2SBe AdsC Ol
ud Bab L Esaq

f| evwspat @.0475d

L C:B22%Anal yt it

8i]

wnassd/ alsexa 4.
id (A and
m/mn,

al chiral HPLC

per f or med

Leenst r uynent , equ

ppedzam T Bo
46 49 39
]

AloldsFPOE K. 68801
0.3354 - 0.2254i
0.2202 + 0.1981i

-0.0912 + 0.2780i
0.3314 + 0.1186i
0.1675

0.6810/ 0.6609

0.1946i}

Note that each column index O<=c<=Nt-1,

c=1[0]

indicates

the first column of the DFT wmatrix D, c=[1] indicates the

second column of the DFT matrix D, etc.
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P580 bi nary punp, a D onex PDA-100 Photodi ode Array Detector and a Jasco
OR-1 590 Chiral Detector, using a Daicel Chiralcel OD colum (4.6 x 250 mm
10 nmm) umnwlerzoecamsrati ¢ el uti on conditions (75% B) enpl opcmgBinébliod101% TFA
(eluent A) and hexane (eluent B), run tine 30 mn; flowrate 0.8 m/mn,
detection at 210 nm - LG 7: Analytical chiral HPLC performed on a HPLC
i nstrunment, equipped with a D noex P580 binary punp, a D onex PDA-100
Phot odi ode fr4ay Dgbest an-and 8, Jagee .01 59Q.Chiral ;Det Iy ing a
Dai cel ChiraIPa{ I'A col um (4.6 x 250 mm’ 5 m) an erlEE f%.l%?l| ution
condi tions §9508)5 eyphying +E1-EE 0oL % l;u hexane (el uent B),
run time 40 mn; flow ratt@aEI 1. O%r!é/%‘lén,gfetr(é%tll %%ha?)niggg%rrf B s:
Anal ytical ghirgl-5BLC perio on; i pst - equipped with a

B pum B8 BTN o Shrn B Ao S MBS0

Di noex P580 binary punp, oto tec ONéx

Jasco oR 15gp chLAL ol o ofcrndyg BOLALLIBLET cou pg.e Malcgl Oh ol Pak
el oy g B s 16 TrAsbuent o). o exansdelient, Bibin e 20 m v
perf 0T ofe A, FLC LMLy RQLBPed by 5 DLcPE £200 bunary pup. 2
derector anl o ROIBIGEEopctoi00 0 TLES] OOLIBLPRE LA colum (40 x 250
e (elvent B apdeney (eLyenl B, run 1 20 m T ow rate 0 3
Tesur e Ol By ARRIET LTELSE, D ethanal e solution at 200 1H R
Crem cal STl (gt serenoried i patle per milion (pam relaive to

e.g. for di | sul.faoxide S 2.49 m_.for _chloroform <5(H) 7.24 ppm
InternediaI%&ﬁﬁ%ﬁraiﬁé?W3§9cggg%6ﬂV¥%3¥hfP92,§;4,§§F%t?t%ﬂﬁﬂﬂ 36- iFH- car
bazol e- 3-car_boxyl.ic acid Method A %ﬁr2,3,4h9-Tetrahydro-l .

H car bazol e*'3-% | ICOMHERECRE TR W 8PP4ALEx Bty NEandoRid6xyl i ¢ aci d
(4.05 g, 28.5 mml) _and, phenyl hydrazi ne hydrochl ori de (4.12 g, 28.5 mmol)
in EtOH (208-HiH°H s3§tijr$ec? t %/‘g*?% ﬁ&?’){geh.caﬂ?@&,e tHE SHIRFSESI s
evaporated and the residue is dissolved in boiling toluene. Precipitating
ammoni um chfSFFgE S 1P t B TFBPE  antdHt h&O8! eat™¥59% r 5Pe ivsinederEed to rt.
The resultin recipitate is filtered and tried under high vacuumto give
pure subtit? nd PEESE0Ghi feIsbrt d2ESiARRpS | (P yiRgugoneR (LC 3)
2.21 mn; ESI-MS (positive ion): mz 216.30 [ MtH + (cal cd 215.09 for

C13Hi 3NCR) . CTIRUINRY( sdises, gy Yhg 1iye- 2.§8|t_§1mbaﬁﬂ) Statdgn( @b 4H); 3.04
(dd, =14.8 Hz, 4.7 Hz, IH); 7.02 (m 2H); 7.19 (d, =7.2 Hz, IH; 7.38 (d,
=7.0 Hz, Ikﬁ?d7F@§1%§ HEACLPR. 38 R¥° cferBRéx@fecar WegykRt adiodalol | owi ng
the nethod described by D. Wistrow et al. (J. Med. Chem 1998, 41,

760-771), SRERGRAOTcIMpEind”i €roBrarRed Fymmn ef hgdta processor for

4- oxo- cycl ohexanecar boxyl ate as a white solid in 74%yield. 1H NVMR (CDC 3)

0 1.72 (m 2399SSAng? IR QPFratAupy ypRn 28igipaB2dahe. 2H)DSR. B2 (s | H);
12.2 (s, IH). b) 9-Ethoxycarbonyl nethyl -2, 3,4, 9-tetrahydro-|

H car bazol BIREDEHE |G demsiry Fevacst pir edpabl et ponstofrinigs dAgdtedt r ahydr o- |
H car bazol e- 3-carboxylic acid (0.40 g, 1.86 nmol) in dry DMF (4 nml) is
added NaH (®rtEs g,A 4cadehnsk og0d%hien prerentl ipvedtion ore porddrablyAfter gas
evol ution has ceased, the reaction mxture is kept stirring at rt for 1

h. Then, et h§tctscomrmietead (emryndevicg raipl Jours edddsichgandrsyi £pbing is
continued overnight. Saturated KH PO4 solution is added and the m xture is
extract ed vihe hdischlssrohenr h3heandTltdeomghhle $twateion aBe conbi ned and washed
with H20 and brine, dried over Na SO4, filtered and concentrated. The
residue is [pumifi €thdyDIB axh chmoikflegsaphyonn33i séectgelthchaxaess/ Et OAC
3:1) to afford pure title conpound as an off-white solid (0.34 ng) in 61%
yield. tR (i@ 3th@. 06deivard ESbrBsipusirtg veoi ahy: imfordadidd fhuba] + (cal cd
301.13 for G 7Hi 9NO4) . 1H-NMR (DVMSO-~ ) : 1.13 (t, =7.0 Hz, 3H); 1.79 (m
IH); 2.14 (m IH; 2.64 (m 4H); 2.86 (dd, =14.3 Hz, 4.8 Hz, IH); 4.05 (q,
=7.0 Hz, 2H); 4.88 (s, 2H); 6.90 (dd,1%#7.6 Hz, 7.0 Hz, IH); 6.97 (dd, =7.6
Hz, 7.0 Hz, IH); 7.23 (d, =8.1 Hz, IH); 7.3 (d, =6.8 Hz, IH); 12.08 (s br,
IH. Method B A m xture of ethyl ( -phenyl-hydrazi no)-acetate hydrochloric
acid salt (2.3 g, 10 mmol) and 4-oxo-cycl ohexanecarboxylic acid (1.42 g, 10
mmol) in glacial AcOH (20 m) is stirred at 70 C for 1 h. The suspension is
allowed to cool to rt, poured onto H20 and stirred for 1 h. The resulting
precipitate is filtered, washed with H20 and dri ed under high vacuumto

o ~ N o ~ o~ ~ 1 a2



Internediate 1.2.1:

(+) - 9- Et hoxycar bonyl net hyl - 6-fl uoro-2, 3, 4, 9-t et rahydr o- |

H- car bazole-28esmas20xyl i ¢ aci dRacem c PCT/IB2006/000010
9- et hoxycar bonyl net hyl - 6-fl uoro- 2, 3, 4, 9-t et rahydr o- |

H- car bazol e- 3- carboxylic. acid.(15, 47. ) | m) i
et ed to 1R BPoand Prestan ar i RiorSy ARk, R RS 5Reeol ) 03

nmol ). The clear_solution is_cooled.to.rt. and t roped are

col l ected OV fi I]T:’F%l?ﬁ’bﬁo'erﬁ ﬂ%c‘f%%t la{ﬂ'fulizg i gﬁ%las CP%%S%{Jée%aﬁl‘o%rE?i grrgg from

Et OAc (2x 250, m, 200 m .and 1 m)..The final crystal fracti.on.is

di ssol ved iFP¥EMERES &F rHg eﬁo%%‘?'?}% l\f‘%%lu,éean Yashed \Illmo[;ha'Lv%/amt'Lg?F1 The
organic layer is dried,over Na, SO4, ancﬁgt hf sol vint evaporated to deliver
title conpdihd HRehelgtotrosiat | 1he ol T4 W Th & MSkaFFE excess
(ee) >96% tR (LC-7), 23.65 min; .ab = +33'5232d' +/- 0.0215 (20 Cin

et hanol ). 195 msficaPs Rormewledgenend: Ry %nﬂer@?‘ﬁylm S (o]
0-2,3,4,9-tetr ahydr o-lH car bazol e-3-car box%/I.i C_ aci dp'l%e t'btetl e conpound
i s prepar e ha Ny IS ST SFREEEr $Bt SPRF LAt | Oht Priocddur e TEE R0 f or
Internediate 1.2.1, using i?(+)-a-nethyl benzyl ampe, _wth ee>96% (LC 7)
21.33 min. Hhi eHIRSE ot 3. 8tTHhE ﬂ5x9€§‘? GEMRT HEThy?E 82 cABPSH- 953, 4, o-tetr
ahydr o-lH_carb azol e-3-car_boxylic acid Internediate 1.3 can be prepared
anal ogous tRIRHY pridEedur esPYetRFH beXTITY MBHFERPREE £°1°RGsPRY

(2-chl oro-phenyl ) -hydrazine in place of phenyl hydrazine (Method A), or
ethyl [ -(XEW oPBEpHERPK) - HRF aPRRTIUM aBBTREe Ry drRIEEIE ak? d@salt in
place of ethyl ( -phenyl hydrazino)- acetate hydrochloric acid salt (Method
B), or withcodakesd ¢s(aesetibed bel ow). Method C a)

8-Chloro-2, 3, 4, 9-tetrahydro-|I H-carbazol e-3-carboxylic acid A m xture of

4- oxo0- cycl dheRahecBrissadlive &bpae(Blil qrotpx2sinsg| Fodppyd that is

chl or ophenyl hydrazi ne hydrochloride (4.0 g, 21.7 mol) in glacial acetic
aci d (740 rpyedisedyi re@inhat trefiisx FBFOBNGE10Phet oPRentraswii&S6r at ed and
water is added to the residue. The resulting precipitate is filtered off
and dri ed ufdercaiilygh wachuimforyatieon He dubthel EcEBnpbunhdiadsix BPowni sh
solid (4.5 g) in 83%yield. (LC-5) 0.88 mn; ESI-M (positive ion): mz
250. 14 [ MrH s {eaf oun 249, g dratCegHn2oRd ) . T4 HLNVRY DNB@E repson, 75 (m
IH; 2.14 (m IH); 2.62 (m 5H); 6.90 (t, =7.9 Hz, IH); 7.02 (d, =7.3 Hz,

| H); 7.30 (dpat=7tlte Hrethdfologydof brhes, predent] Olioreiipion, seHyel) to

8-Chl oro-2, 3,4,9-tetrahydro-1 H carbazol e-3-carboxylic acid benzyl ester A
stirred m x¢vemlof destdeg-ahl or 0- BoBe 4pgeresethydbo- Imaximize the

H car bazol e- 3-carboxylic acid (4.45 g, 17.8 nmmol) and cesium car bonat e
(2.90 g, 8.9Znimmil ) cheprdahandls{arE® nbetwadn watadew@sdal. ) | BY efsouxed unti |
a clear solution is obtained (15 mn). Then the solvents are evaporated and
the dried résimye iianfdirsspiomwd dam dpy DBvEnsthisedolhyt i erndsngredteed with
benzyl brom de (2.27 m, 18.7 nmmol) and stirred at 45 C for 15 mn. The
resul ting piedépidatenhe scdddveerdedhatf iandlbhesti torabe isfocomientr at ed. The
residue is purified by flash chromatography on silica gel (heptane/ EtOAc
3:1) to del myerizpur eutht laas coopoerdmase a ayethawiesh satrik (4i2 ghe n 69%
yield. tR (LG5) 1.09 min; ESI-Ms (positive ion): mz 340.19 [MH + (cal cd
339.82 for fwA0H dONREGlohall HENAMR{DMB@n" hanifoBD (@ithl Hy; @irdiSwum | H);
2.86 (m 5H); 5.13 (s, 2H); 6.91 (t, =7.6 Hz, IH); 7.04 (d, =7.6 Hz, IH);
7.32 (m 6HLosdl.dF (&dcsradyt). Che DSP 37 of the mobile statiomn

8- Chl or 0- 9- et hoxycar bonyhnet hyl - 2, 3, 4, 9-t et rahydr o- |

H- car bazol efdneaidiaxykbC maifbriengylca@stibat {asi um calhanakeohns. 3 g, 19.2
nmol ) and et hyl bronpacetate (1.16 nl, 10.2 nmol) are added to a stirred
sol ution of 38rebt & Opy, So Wt tdramediralre Heiab8ed 01 6y 8c cies bexaddic aci d
benzyl ester (2.17 g, 6.4 mmol) in dry DM (20 m). The reaction m xture is
stirred at ¢QeC dewd . dhe thkeCéidtick | shidt | tier ediddsw@ndor ivised

t horoughly with acetone. The filtrate is concentrated and the residue is
purified by flash chromat ography on silica gel (heptane/ EtQAc 4 :1) to
afford pure title conpound as a yellow solid (2.54 ng) in 93%yield. tR
(LG 5) 1.14 min; ESI-MS (positive ion): mz 426.16 [ MtH + (cal cd 425.91
for C24H24NO4C ). 1HNWR (CDC 3) : 1.2% (t, =7.0 Hz, 3H); 2.07 (m |H);
2.37 (m IH; 2.69 (m 2H); 2.89 (m 2H); 3.07 (dd, =14.4, 4.4 Hz, IH;
4.22 (q, =7.3 Hz, 2H); 5.07 (d, J=I 8.2 Hz, IH); 5.18 (s, 2H); 5.19 (d,
J=18.5 Hz, IH; 6.97 (t, J=7.9 Hz, IH); 7.08 (dd, J=7.6, 0.9 Hz, IH; 7.34
(m 6H). d) 9-Ethoxycarbonyl net hyl -8-chl oro-2, 3, 4, 9-tetrahydro-|

H car bazol e- 3-carboxylic acid A m xture of

8- chl or o- 9- et hoxycar bonyl net hyl -2, 3, 4, 9-tetrahydro-|1 H carbazol e- 3-

| )
. ~ = o A NN 7
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compound as beige waxy solid. 1HNWR (CDO3) : 1.38 (s, 3H ; 1.73 (m 2H);
2.43 (m 6H). Internediate 2. 2:

9- Et hoxyocwohossyd7sohyl - 6- f | uor o- 3- net hyl - 2, 3, 4, 9- t et r ahydmTaB2006/000010

H car bazol e-3- car boxy lie acid Internediate 2.2 is prepared anal ogous to

the pr OCEdure g(% lcg'ﬁb%d hQr I%E%Frggg!agt %o 28 c4SIHg 1n nghe index

| - met hyl - exanecar oXy aci Iace 0

4- oxocycl ohexanecar 0Xx CI d, Jdnter i . O- Et hoxycar
bonyl net hyl %re % é eetdrOdaePﬁVO ngcd) %—fcar yazol e- 3-car boxylic acid

| nt er medi ate 0%% @ﬁ)rgg er}g%@rgl 000Us Jt_so % lé)rlqcedtgrraelss de§cr| %ed for

| nt er medi at'& - oxo cycl xanecar oxyI c-aci &¥in pl ace

aci A Aopl y1 T PESECR Bt HOGL (B (FC MCTRILPRE BE UL Ay 3. TAner Chem

Soc. 1946, 68, 338-3 N, B. a Sot heeswar oyne J.

Og. Chem Y@ %Cﬁ@ﬁ‘ éﬁnggg EOBEHES‘H""S%’ a9 é’ngg JThﬁmglaseChem Soc.
1942, 64, 2850- 2858) provi ded subtltle conpqQund.as Vi sco %I 1H NWVR
(CDG 3) | PR iR 5y Tscpgves fhe 1trfélsmtt&§1) méeﬁstlﬁﬁu%w °| fiEEr medi at o
3.2: 9-Ethox carbonlrrethl-3 et hyl -6-fluoro-2, 3,4,9-tetr ahydr o-1I

H car bazol e% %30%&/ Pie Zecgt ﬁteaﬂlf@a’lnﬁ‘te 3 2 |Z§S pPBp&Ted P34l ogous to
t he procedures descrlbed for Internedlate 1.2, ,

| - et hyl - 4- OXAHRA ok Exah®cat BkATY aBTUPRED é(@é?hofa DSP 37 in

4- oxo- cycl ohexanecarboxylic acid. Internediate 4.1: 9-Ethoxycar

bony| net hy| SEVBFSHF OB, V1. Pet PEBRGMEr GV IFR cir HR2BI e""l?}l‘é’ar iBoxyl i c
acid Internediate 4.1 is_prepared anal ogous _to the procedures described for
| nt er medi at B W ngOIERARE 43 pr oHﬁPnSy&F]@héf%ﬁéEQiibéWP?‘:c &f%d in place
of 4-oxo-cycl ohexanecar boxylic acid. 4-0xo- Elr opy! - cycl ohexanecar boxyl i c
aci d Appl yi PRF r¥porft ddenbrEsdstaeliep Cme%i'—lﬁsn FOUPR sHE SREECUF1o”Mer . Chem
Soc. 1946, 68, 338-340; N. B. Chapman, S. Sot heeswar an, K J. Toyne, J.

Org. Chem Q@7@°f38ar©lPr9Z@r¢4arﬂ %?qjej@t@ Fogjc I?&:@né”letré'}evﬁrréllle Chem
Soc. 1942, 64, 2850-2858) provided subtitle conpound as viscous oil. 1H NWR
(cbd 3) : ocelsre(qponﬁ?ne Fpdewppd frogs thm cogfpbodk g .(m 4H); 2.43 (m 6H).
Internediate 4.2: 9- Ethox(%/car bonyl met hyl - 6-flu or o-3-pr opyl-2,3,4,9-tetr
ahydr o- | Hoet! ba2®| rotRd @doyeex fhe cexriirll gentodr ﬁbelﬁa%leveﬂ”@lqrsﬂmfepared
anal ogous to the procedures described for Internediate 1.2, using 4-o0xo-

1- propyl - cel dhvetanestedoRy| Fempietelr i sofivwaxe cﬁX%ﬂ@%bley@VOHeMCar boxylic
acid. Internmediate 5.1 3-cyano-2,3,4,9-tetr ahydr o- | H carbazol eA m xture
of 4- cyanorepceshexapbnehd Mg, 3. Synielfwand pheeydtmdr @4 by a

hydrochl oride (0.42 g, 3.9 mmol) in glacial acetic acid (5 m) is stirred
at reflux fembinptidimeofokeéhvaie svdpbpatiwdrandirpeitesi dudhe MS

chromat ographed on silica gel (heptane / EtOAc 2:1) to deliver the title
conpound asay beowmes taapbndnt 158 my)winel8680 yowingni¢dR (drC-H)st@m1 m n;
ESI-MS (positive ion): mz 197. 10 [ MtH + (cal cd 196.25 for Cl3H 2N2).

1H NVR ( CDEu3rher2i25tiig r@idprd2i96shionldH)e nptkd Chut2the vABOued, =7.7
Hz, IH); 7.45 (d, =7.1 Hz, IH; 7.79 (br s, IH). 4-Cyano-cycl ohexanone

Appl yi ng r &lorkedoffiettheddofgécgfldl Ribgram FHbf Wihi nskyay JregerentChem Soc.
1946, 68, 338-340; N. B. Chapman, S. Sot heeswaran, K. J. Toyne, J. Og.
Chem 1970prd3brafl &t@23;, Hr AintBsmsomecteW IRicdrergixkuidmer .bichém Soc.
1942, 64, 2850-2858) provided subtitle compound as slightly yellow oil.

Et hyl ( - plheryltuhydiazdé h@r acebabénlyiswodi gricyraal dteps tamy Idiy

phenyl am no- acetate According to Kotake et al. (Chem Pharm Bull. 1995,
43, 829-84Lfrcaiskirr edosRbut iagd offuanitlione ( For3 edFokamingl ) tared DI EA (56
m, 0.33 nol) in acetonitrile (120 mM) is heated to 60 C and et hyl

br onpacet atpeci8iddntaskk .16 Mol ) is added dropwi se within 2 h. The
reaction mxture is kept stirring at this tenperature for another 3 h and
i's then evapesahedutendeynesscddi®rris. addeghd e the rEsighiecebhe solid is
filtered and thoroughly rinsed with HO Crystallization fromtoluene

provi ded puiewsehhit!&f GoMRedRG1asobetge wtridabs (RS. Snindidn87% yiel d. tR
(LC-3) 2.33 min; ESI-M5 (positive ion): mz 180.27 [MtH + (cal cd 179.22 for
G OH 3NG2) . 1HNWR (CDA3) : 1.29 (t, =7.0 Hz, 3H); 3.90 (s, 2H); 4.25 (m
3H); 6.61 (d, =8.2 Hz, 2H); 6.75 (t, 3¢9.1 Hz, IH); 7.21 (m 2H). b) Ethyl
-ni troso- phenyl am no-acetate A solution OONaN®2 (9.5 g, 0.14 nol) in H20
(27 mM) is added to an ice-cold stirred solution of ethyl

phenyl am no-acetate (25 g, 0.14 nol) in cone. HO (20 m) and H20 (27 m)
within 2 h. The reaction mxture is kept stirring for 1 h and then
extracted twice with CH2Cl 2. The conbi ned organic | ayers are washed with
H20 and bri ne, dr| ed overNa SO4 and fi I ter ed The sol vent is evapor at ed and

o I



According to Arcari et al. (Farmaco 1992, 47, 405-425), crude ethyl

-ni trosophenyl am no- acetate (0.14 nol) is dissolved in glacial AcCH (50
m ) and awlgedodioszn i cecol d stirred suspension of zinc @82/ag200808b910n0!1) in
H20 (50 M) within 1 h. The reaction mxture is kept stirring at rt for 2

h, then th 't i B is fil h hed with
Voo The 1o EEb ol @Bl Fred 1 BEEThATRA M B0 "

vashed w ¢, TAVE, . hen d?f‘fi %eedacp;p%br%ﬁtlgobthgge 39l 11,0701, a0ucqus NHACH

and extracte ined organic layers ar S &d over

Na2SO4 and para ive £d;h a2| e_as. an_ oi The rrpound i's
converted |t§¥‘?ts hbﬁg%%ﬁl gjrfl de sﬁ %10 rea nnent’ag;fo%%e #‘F%%e*ﬁy razine in

di et hyl ethrvvl h @) t ive | e_conpoun 20 in 63%
yield (over%?wo é?eps né%gné({e%)zx) h% Wééﬁr I\/%ﬁfggs‘f?%/’éo 5‘%%5 mz |
80. 27 [ M+H| + cac 17 f G QHi 15 (t, =7.0
e o Hloa& (B Ty e, o, anaﬁg%l%%wegei%ec%o 570 (i
7.07 2 H) Preparati, of am nes of
for mul a HNRY "QFﬁe t@&elf%%ﬁé aﬁt“%%@l"a%rgtspre &8 Taccdidi g to
references Ilsted enyl - phenet hyl am ne a eIIer C Bre| ndl ,
T. H RierHE&FS t‘RfP E| é/hb&ﬁ&é‘r‘ ﬂgrﬁrezﬂltﬁ%elw A éfwtgﬂhe cqnf@ingy. 1998,
37, 3389-339 ) pa Buchwal d, Org Lett 2002,
4, 581- 584m°é)1ftgaﬁf§}‘ @rsﬁnﬁ%lé‘?etse ‘t&%@t‘* &dapgo g Mayg bey FRie7 4
5,6,11,1 2- Eetrahydr%}dl be za% %azom ne AM Mnrg, RM Quinton, T. | .
Wigley, JERREGICHEMIOUY tingstoem the FEOBEhFRAOSBHEHY Kini e
, gl azepi nea)rl E. J. Warawa, B. ler, C. J. Chnmacht, A L. Needles, G
C. Gatos, BEOWPRREPAreh S8 fErtNePECg ‘K. M Kirkland, J. Med. Chem 2001,
44, 372-389 b) L. H Wrner, S. Rlcca, E. Mohacsi, A Rossi, V. P. Arys,
J. Med. Chem 1965, 8, 74-80. 5,11 -Di hydrodi benzo \b,e \ \ \ L \oxazepine
B. J. Margolis, J. J. Swidorski, B. N Rogers, J. Og. Chem 2003, 68,
644- 647. Di phenethylamne W S. Bryant, |I. A CGuzei, A L. Rheingold, J. S
Merola, HH W Gbson, J. Org. Chem 1998, 63, 7634-7639.
[ 2- (4- Fl uor o- phenyl ) -ethyl | -phenyl-amne J. D. Albright, V. G DeVries, E
E. Largis, T. G Mner, M F. Reich, S. A Schaffer, R G Shepherd, J.
Upesl acis, J. Med. Chem 1983, 26, 1378-1393.
[ 2- (4-chl oro- phenyl ) -et hyl ] -phenyl -am ne, phenyl - (3-phenyl - propyl)-am ne,
phenyl - (2- thi ophen-3-yl-ethyl)-am ne and (2, 2-di phenyl -et hyl ) -phenyl -am ne
are prepared applying the same procedure. Exanple A-Q
()-(3-Di benzyl car banmoyl -1, 2, 3, 4-t et rahydr o- carbazol -9-yl )-acetic acid a):
Et hyl ()-(3-di benzyl car barmyl -1,2,3,4-tetrahydro- car bazol 9-yl)-acetate A
solution of Internediate 1. (30 ng, Olmol), , , ', '-tetramethyl-6>-(7-
azabenzotri azol e-1-yl)-uroni um hexaf | uorophosphate (38 ng, 0.1 mml) and
DEA (51 m, 0.3 mol) in THF/ DWW 4 :1 ( 1 m) is stirred at rt for 10 mn
and then is treated with di benzylamne (20 ng, 0.1 mmol ). After further
stirring overnight at rt, the reaction mxture is diluted wwth HO (3 nl)
and extracted three times with diethyl ether. The conbi ned organic | ayers
are evaporated and the obtained crude subtitle conpound is used for further
synthesis without purification. tR (LCG3) 3.03 mn; M5 (positive ion) mz
481 .29 [M+H + (cal cd 480.62 for C3 1H32N2O3) . b)
()-(3-Di benzyl car barmoyl -1, 2, 3, 4-t et rahydr o- carbazol -9-yl )-acetic aci dA
stirred solution of crude ethyl
()-(3-di benzyl carbanmoyl -1, 2, 3, 4-tetrahydr o-carbazol -9- yl)-acetate (0.1
mmol) in THF ( 1 m) is treated wwth 0.2 N agueous NaCH (0.5 m, 0.1 nmol)
added at rt for 15 min. Then, the reaction mxture is extracted twice with
diethyl ether (2 m), acidified to pH 1 by addition of IMHC and extracted
with CH2CA 2. The conbi ned organic |ayers are dried (Na SO4), filtered and
evaporated. The resulting solid is recrystallized fromdiethyl ether to
yield title compound as a pale yellowsolid. tR (LC2) 2.74 mn; M
(positive ion) mz 453.26 [ MH] + (cal cd 452.55 for C29H28N2C3) . 1H NWR
(DVMBO-™ ) @ 1.96 (m 2H); 2.68 (m 4H); 2.95 (m IH; 4.05 (m 2H); 4.66
(m 2H); 4.81 (s, 2H); 6.98 (m 2H); 7.26 (m 12H); 12.8 (s, IH). Exanple
A-02 {3- [(4-Chlor o-phenyl)-nmethyl-cap barmoyl] -1,2,3,4-tetr ahydr o-car
bazol -9-yl }-acetic acid a) Ethyl ()-
{3-[(4-chl oro-phenyl) -net hyl -carbanmoyl ] -1 , 2, 3, 4-tetrahydro-carbazol -9-yl}
- acetate and its enantioners At -10 C, bis(trichloronethyl)carbonate (66
ng, 0.22 nmol) and collidine (0.29 m, 2.2 mvl) are added to a stirred
solution of Internediate 1.1 (0.20 g, 0.66 mml) in dry THF (3 m). The
resultlng suspensmn IS stlrred at thls terrperature for 1 mn and then
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with an interfaced polarinmeter. Resolution into the enantioners is carried
out on a preparative chiral HPLC columm (Chiralcel OD, 20 x 250 nm 10 nmm
under i sowoabesn7ed2at i on conditions (EtOH hexane 45:55) pcruBiaosreoodd m n;
flowrate 10 mM/mn, detection at 220 nm The (+) enantioner ofethyl

-{3-[ (4- chbpgpugphenyl ) - net hyl - car banoyl ] -1, 2, 3, 4-t et rahydr o- car bazol -9-yl } -
acetate is eluting after 15.0 mn, the (-) enantioner after 18.5 mn. Both
enantioners are obtained in >99%ee, as verified with LCG6 (55%B). b) ()-
{3-[ (4-Chl oro- phenyl) - et hyl -car bamoyl ] -1 , 2, 3, 4-tetrahydro-carbazol -9-yl}
-acetic acighJihed icthene@npound i s obtained using conditions for the

hydrol ysis of crude ethyl ()-{3-[(4-

chl or o- phenyl ) - et hyl - car banoyl ] -1, 2, 3, 4-t et rahydr o- carbazol -9-yl }-acetate
anal ogous to Exanple 1. tR (LC-1) 1.09 min; ESI-M (positive ion): nlz

396. 92 [M + (calxcthe386a12¢ f 8- GR24R2 21NR@BEL Y HMVR(GPCI 3) @ 2.05 (m
2H); 2.42 (m IH; 2.70 (m 3H); 2.92 (m IH); 328 (s, 3H; 4.65 (s, 2H);
7.11 (m 5H); 7. . 3H). Re ion ti.nme f the two enant.i, rs are
respectively 12_%?:&&%}13”(1 35. 5%%%}6 (LE"&?W%E@/O B))!31 t he" nor eucpl&%aﬂé%nenanti oner
di splaying a rotation of .the plane of the polarized light in a clockw se
direction, the |ess [BPEFLRHTRi oner displaying a rotation in an

anticl ockwi se direction, respectively, resulting a positive (+) and a
negative (-) si gHaPS§PTRHRI polséﬂfimt$/¥%gtpl ofde¥oRD. oRFPor &9 h an
interfaced polarineter. bl)

(+) - {3- [ (4- Chl or o- phERGFFLHREFRA - car banoyl ] -1, 2, 3, 4-t et r ahydr o- car bazol - 9-y
| }-acetic acid The title conpound is obtained using conditions for the
hydrol ysi s of etmlyeny_ 23- ?gflr_lwald construction to said first

chl oro- phenyl ) - met hyl - car banmoyl ] -1, 2, 3, 4-t et rahydr o-car bazol -9-yl }-acetate
anal ogous to Exanpl eCeYeYRLLCIE) 2iGER1HIPTHESPIRB (56si GokéVRonR: m z
396.92 [M+, tR (LG6, 75%B) 12.4 m n, positive signal of the polarinetric
plot: ee >99% b2) piurallty of codewords in eigen-coordinates;
(-)-{3-[(4-Cnhl oro-phenyl)-nmnet hyl -carbanoyl ]-1, 2, 3, 4-tetrahydro-carbazol -9-y
| }-acetic acid The tPPfe conpound is obtained using conditions for the
hydr ol ysi s of et hyl &-)-{3-[(4-. '

chl or o- phenyl ) - rfEPRFECEREBAMERE{- P1Rr3 ity epEfalfpderyotds baroleigep-} - acet at e
anal ogous to Exanple 1: tR (LC-1) 1.09 mn; ESI-M (positive ion): nmlz
396.92 [M+; tR (LC 6cc78iagjes 5iB8tai i, nbgaliy spgnaiodeforde pol arimetric
plot; ee >99% Table 1. Exanples A-03 to A-61 are prepared using procedures
anal ogous to those d&yetidezn ferorEkampee po Fomr s&iGR cPREPRGWED HOCHWALD
CONSTRUCTI ON OF UNI TARY MATRI X CODEBOOKS VI A EI GEN COORDI NATE

TRANSFORMATI ONS Field: [oooi] This invention relates generally to wirel ess
comuni cation systens. Mre particularly enbodi nents of the invention
pertain to the dteamieshodndfucidinalt ivdrersfinugitdr §imst reodeyadebadsks .
Background : [0002] Structured limted- feedback cl osed-|oop M MO precodi ng
nmet hods have bedrrmyevekoped for efficiently transmtting data froma nobile
station (M5) to a base station (BS) in the context o f wireless

comuni cati on between the two. Such nethods do not require the conplete

f eedback of either the precoding weight matrix Wor the channel matrix H .

| nst ead, fo03.eacthepametivddt refnsoiléimntlenwhaenehbercinafidrapad i alaigt r eam
nunber Mt, a matrix codebook is constructed that is forned of a set of
precodi ng matrstcesodBebhdt heond:S smzd Mopbhpirey acceaerindcide raigeink codebook.
Consequently, in order to transmt feedback to the BS, the M S needs only
to transm tydher i neexcd o a1 §e0d NgndBd i X G@NLaLASHa P & 1B X
codebook. Such an index 1s typi cal’l y formed as a stringof bits wherein each
bit assunmes_a bjnary vaAaujg. .The i/et f the,matrices, or codebook, can b e
const r uct ed®t 3 Achi'evdPA ‘dedfr 8dpé&MofindE  and feedback bandwi dt h
trade-off . [0003] Once the content of the codebook is fixed, the nunber of
feedback bits that are required to construct the index to the codebook does
not grow with the size of the precoding matrix Was is required when

i npl ementing exi sting approaches. It has been shown that nethods directed
to the structured precodi ng of codebooks can achi eve near-optinmal precoding
M MO performance requiring a reasonabby | ow nunber of feedback bits. [0004]
Central to nmethods directed to structured M MO precoding is the design of
unitary matri x codebooks. Preferably, such codebooks are designed in such a
way that the matrices , or codewords , form ng the codebook are as evenly
distributed in the G assmanni an nani fold as possible. In mathematics, a

G assmannian is the space of all k -dinensional subspaces of an n

-di mensi onal vector space V . One approaches the construction o f an
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codebook as one is better able to naxi m ze the m ni mnum chordal distance of
t he codebook. A s used herein, "chordal distance" refers to the distance
bet ween meDRb@RAE5220r codewords, in the nultidi nensi onal PepaB®O6/GITPIN Si Ng
the Grassmanni an nmani fol d. [ 0005] Whil e a codebook generated by the random

conput ati ong and @it fbbribd 0B £0f cLOGeWar dg, Widshi nséf@”@aéﬁﬂ?%@a: %g_ mani fol d
m or |

provi des the best possible codebook in terns of m ni st ance,

it is not c tatj onally practical .to construc uch, a _codehopk for
systems wit cg?%q”?ogrésaml)ﬁntesl%efn CPRRSMEE St @T’Fﬁaséﬁﬁﬁl%dpataf’al 5s’?r@ams. To

address this constraint, a blpckcircul ant construction nethod, also called
a Hochwal d ¥¥% r licEi & net hdd, Pas BEerrPRdpdsed asumbey spénmeiid
construction net hod which avoids the conputational burden of a direct
random searR¥atifod of TRedewerisal dndetthots pr cliadesaheaatwoipti mal codebooks
that facillitate efficient storage and retrieval of the codewords contai ned
therein resulting fromthe non-conputationally intensive paraneterization
of the codebook. Furthernore, the bl ock-circulant distance structure also
facilitatessthe Be osthed sbspade- 4t maeking getibod igoraiphee@disag based

M MO OFDM I n the Hochwal d design, a codebook is fully specified once the
first codewordhb beabfpsstiRgoONst Ot ALLPN, Med Ii XS%V?W prauided, The ot her

codewords in the codebook are given by (Here 2L is e cardinality of the

codebook a%%@e%ogeg%gga?ﬁ&@ ricéingh irr%? efl\llljﬁ)é:\l{ly‘l’%é P=QP1, for/ =

2,-"2\ (1)[00 wher e i"agonal - na afaneteri zed by an
i nteger vector u=[ul ...,uN] -. [0007] Furthernore, in this design, the
first codeword Pi is chosen to b e a NtxMt sub-matrix of the NtxNt

Di screte Fauri er.Lr T ri-X whose n) el epent is specified
as DN )m 2éj'e ' T\ﬁ-%efﬂé%%n&nn(ogﬁ %l%got%\%r%%s%?ﬁﬁgg?ﬂnw uff28f t he
matri x 1D , ir C rd is.the collectign of Mt col yms

par anet er i el&]%"yﬂﬁg"t hékse odcfe;e}wjggfgun%ni n%]i%eé]s'cegf"%i?‘—.’“??s,’ AlCOMPrESepl=[ dc
,---,dC ] .\ reference.to Table.l below, . there js tabulated in DD
exenpl ary fafg#%ﬁl % ﬁglghg?%%asr%fmaﬁ:r[lﬁﬁ %O SACHNCT S BYUERLIEY- OEM f or
different transm tter. antenna numbers Nt between two_and four, and

spatial |y nultipléexed datadStr&dh &Fs 1% Yield; eidt (?Wé%é%t rai nt
that Nt > M u'ragc:{tte t hat the CchOi ce of Zé ., the codebook size, is the
result of & trade &f PrbEPHEEN Berforiideeand PrE ARsS SoChr EBafr ed
feedback bits.[ 0,0,0 8] Table 1. Note that each colum index O<=c<=Nt-I,
c= [0] indidatef@helii weereof v of A'he DFT matrix D, C=[I] indicates the
second colum of the DFT matrix D, etc. [0009] Unfortunately, codebooks
formed of codewords that are generated in accordance with the Hochwal d
constructi oh netthed aeehslibjodct claiwvar owsetdiesithabl @agenst fai ags. Anongst
these constraints are therequirenent, that the energy of any two el enents
within a single matrix codewor% bﬁf quall,and the a=e¢1al energy of each

i ndi vi dual meocewoedibedegisal t (f’ e tp_t_%wﬁvr‘lﬁr 933 ﬁ%]a?¥s%rngg9gr 4 ndi vi dual
codeword. Wiile such constraints allow for a st £ rward application of
the Hochwal d construction nethod, their enforcement results.,in a

di stributi GwmprieRe cadevestdyr .of M=eodebook d[h @ he Fas an mani fol d
that can be inproved upon, [oooio] It would therefore be aiwef”irabl eto

derive a . r m ng Hochwal d_construction that does not suffer
fromthe ggclnogﬁ(r}al%%%sggf E‘?%%“B%i (BTIra%arrlf{’. aggnﬁﬁ??/rgcﬁwtagcﬁlreﬁ%%% dth an
exanpl e of Hemmipriesefonjugedret.i on, a nmet hod of deriving a codebook conprises
deriving a first codeword Pl in Euclidean coordinates, transformng the
first codeword into eigen- coordinates, applying a Hochwal d construction to
the first eodewohd wBtBb@eBr 609IMi NakBS dm dald Ve 1Pl ¥l bty 35 codewor ds
in eigen-coordinates, and transformng the plurality of codewords in

ei gen- coor dimaiae:sm'ehtaniaecplwaPli(ct)y&[ogf,---,d%], where ¢ is defined as

A
c=¢ncy] and d, is the ¢ th column of the N, x N,
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codewords in Euclidean coordinates to formthe codebook. In accordance wth
anot her exanple of the invention, a data structure enbodied on a tangible

medi um cowpreagsaof i rst codeword P1l, and a plurality octasmesn@sioPl, | =2
... 2L ., where 2L conprises a nunber of the plurality of codewords wherein
P1 = VQ 1V11P1 where V conprjses_a unl |x c r| gen vectors,
Q conpri sePiBAREGoF QAN THEE r i 2PEAGTYH %ﬁ%r f“@ §Y%5 m" Pﬁ% Z "g8h matri x.

I n accordance with anot her exanpl e of thejz,; n\ll(ggtl on a nmobile statl on
conpri ses r c ook A& "¢8d onpjiksing a first
codeword Pielré%%%%a&gl u?% flr&gio?:mcgd@\?ﬁ)"r ds P1, 1 E)B@QE B wliﬁ,wv\here 2L
conpri ses a nunber of the pI urality of codewor ds wher e| n PL = VQ 1VH P
where V conprises a unitary _matrjx co ri sin en vectors C%ﬁcorrprlses a
di agonal i x ThgngevhpdcBipFiast 4 W ‘?Trﬁltri gfgcbtr?tﬁ'&flr MRtri®d%a neans
for accessing the first codeword and th p;_lurallty of codewords . In
accordance wi th anot her exanple of the Avention, oa hase station conpri ses
a means for storl ng .a cod t he ook corrprl Si e ¢gdeword P1
, and a pl ural PV rg?tec]i)ldzewor 5 P1, (g(ﬁg_ .. 2L ", wher é@l (::tjorrps)%l 5és a number
of the plurality of codewords wherein P IVH Pf— ere V conprises a
unitary matrix conprising eigen vectors} écorrprl ses-a diagonal matrix, and
VH conprises a hermtign eigen matrix, and a neans for accessing the first
codewor d angkftiredpker aHu, y..,af, Jcodewor ds .I'n accordance with anot her exanple
of the invention, a program of machine -readabl e instructi ons,

t angi bl yenbodi ed on an informati on bearing nmedi um and execut abI e by a
digital data processor, to performactions directed toward the transm ssion
of information, the actions conprising obtaining an information matrix,
accessi ng al Goddisoket BodepE ot laie Totwhgrpiarapid yeigfer vegexes éoﬁﬁespondl ng
to the infornmti r he Oé:!fc;ygok FHinSi_n ighiSt oC rd P1, a
plurality o codce]‘ék)ngi §P§(18t —& %Oq%ﬁlgre x %CQ](CZ#DI’I soeggzwrzunber of
the pl ural i@y23f0idodewdied s iwteer &vn IL"i,—uVQSleP!} Wierle IV @énphi’des a
uniLary RLELK £ONPELS| 00s SGN WESEOLR: (LEOIPT)EeSy A lAgnnlnml 1] X, and
VH conprisesa hermtian el gen matrix ereln eac fiTst codewor d
and the pl uxalitapdofcheodembﬂjsotdma@@p@hdsnt@l@mmsq@e one of the plurality
of indexes, and transmtting the one of the plurality of indexes. In
accordance wi th another exanple of the invention, a program of machine
-readabl e i bkt r Ut cum;hotiangi blyirerbodieedionsandi @ﬁgﬁmazteiocmrbealiisng medi um
and execut abl e by dlg at.a essqQr acti irected
toward the PeCept| 0?1 ofﬂ fggrqrrgtpg‘ghg theeao%égrrs Corp Ir‘I:SI ngd);%cgl ving an

i ndex, and ac®essi ng .&480dehobkotb setetd gnemfba b]l]urai iitsy gafvemodewor ds
correspondi t he inde h codeo k_co r|S|n aflr codeword P1, a
plurality o?gcigeﬁgd%QPl%(gﬁ P E gtt uﬁere L corrprlsn‘ses ér%nunber of
the pluraliby ofparddewostsearer alsn P =an‘dQ t¥e lPhwiterre WEcomqurissds a unitary
matri x conpri si ei,gen vectors, Q conprises a diagonal matrix, and VH
conprises a® Wé?rﬁ%l &i'gen matrix wherein each of the first codeword and
the plurality of codewords corresponds to a uni que one of the plurality of

i ndexes. Brief Descri t|on of t#ﬁDravmn %ooml% ure 1 is a flow
chart o f aﬁzenﬁtﬁrﬁ? Fhef e Tretifodol r8 PER ‘?ﬁeﬁ nZention.

[00012] Figepeial s an icbbepberti on of an exenpl agenemratgd di stmybution in
both eigen and Euclidean space between codewords of a codebook. [00013]

Flgure3|s r am of abse statlon an |Ie station utilizing a
codebook. Fg@re W w . cHartal fo wieled df..i®eP)nventi on.
Detail ed Descrl pt| on [000'?95 't 3 n ex)arrpl e of e present invention, there

i's provided g.{ﬂ? o -£o9di;nat g L %%%Eleﬂ%&?@%éhéﬁﬂ&%dﬁ? i nprove the

m ni mrum Chor ance of the codebooks generated by the Hdchwal d
construction nethod. This is achi eved in part, by relaxing at |east one
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constraint of the Hochwal d construction so as to render nore nearly opti nal
the distribution of codewords in the nult i-dinensional G assmannian

mani f ol d.wé 2806m052d previously, utilization of the HochwalrdBzossdonitict i on
met hod results in a codebook wherein the energy distribution anong

different el enments_in each individual matrix _codeword..s_eq .and fixed
from one mafri x®cdfibr (T%ECSCEVE?y %ﬁoe%dThgfl is, Tor 53?1[3? t%h% rix
codewords Pn and P/2 , the (i,j) elenent of each codeword has the sane
energy, i.E&C"PFEPRY:-J =|(P/2 ) | [00016] In an exanple of the present
invention, this constraint is renoved to provide a nethod for generating
codebooks with Befi®st grstleyerddifst HRE properties. Specifically, the
constraint is relaxed so as to obtain codebooks wherein the m ni mum Chor dal
di stance of theacedakavkty sofveedesardy ®Wpxihized i.n Zoppahiesen2to

i nstances wherein the constraint is not rel axed. The eigen-coordinate
transformati on met hodommeisesd her etWRehoves t falébovéukdt el cofStraint by
t aki ng advantage of the energy; shifting r3y .of ei - jnate
transformations whil&° ‘T’“é%ré;l'gvix’%ﬁrsal\}aﬁ’t a"gg&o@ga#%sa‘f}ﬁerrees \g%fn%gglg—g%hwal d
construction such aSab|u99|6argi neant digdareaqdisigdbubéernef, codewor ds
and easy paraneterization .[00017] In the follow ng description o f an
exanpl e of the inventbmmrigesf er edegonsl meteritn ehd Adcormpemyiisrg dr awi ngs
which forma part hel[leof and iine\ﬁhgnggrig shown by way of illustration of
an exenpl ary fashi on®FH Wi %¢h SRS WoehtTon may b e practiced. It is to b e
under st ood that other exanples may b e utilized, as structural and

oper ati onal__ changes b e de without departi fromth (0] of the
present i nvéti one [‘%’%\élﬁtr,&‘c Y6t &t au}oa\l/len} g'% Ve”{égﬁ%?% 8?l$h§lﬁrggsent

i nventi on distdweses aadnesh@dolitdliiziyngfarcdegendooih nat eevalddsbor mation to
provide a systematic way of renoving the fixed-energy-distribution
constraint §PEHE2EEEhwal d construction. Such a nethod nore near| y

maxi m zes the m ni nrum Chordal distance of a codebook constructed therefrom
[ 00019] Upon exam nation of equation (1) , it is evident that all of the

ot her codewpt ds AViobQdJsdatfdd lcompZisingl are derived fromthe first
codeword P1 . This observation nmakes evident the utility to b e gai ned by
renoving the fixgednanersgy di stsitud i o8 cepgkbabRi byaabl owidtgpBbkt o b e an
arbitrary unitary matrix, rather than the colums of a DFT matrix a s
defined in the HochwabgyLosstduction. [00020] However, renoval of such a
constrai nt does not ful?y resol ve the shortcom ngs of the

Hochwal dConstruction as the:enar g sthi putiQey is still fixed fromone
codeword to another. This is true even though the energy is no | onger
uniformy distributed within_one codewrd, as is the case in thg Hochwal d
construction. Therefore, ®hRABFAGtHeC iFQfle‘ﬁ%]ﬁ%/\D%d Pg To?be ah’arbitrary
unitary matrix alone is not sufficient to nost advantageously optim ze the
construction of a codebook. [00T2H Fhewepsigesar exdmie of t59¢dresent
invention utilizes an eigen-coordinate transformati on to achi eve vari ations
in energy distribution anong dvIdmrlenty nef r cedewdsiwor dgerdin st since Qi s
a diagonal matrix, it can be represented as a part of an

ei gen-deconposi tion of sone majki LSS ; - .S 4 itary
matrix o f size N xN , consi st?‘ggwoéf %hggg%u@gﬁ?qg%ge;é v%%:lt%c?lr{n. Next ,
the matrix Qcan b e replaced with matrix S jn equation (CJE?Qto arrive at an
i mproved Hochwal d const ruct i o pEOFRERAYRI pELIENP VECHSGE | =2, --- 2L |
(3) where the paraneterization of eigen-matrix V is discussed nore fully
bel ow. [ 00022] Wth reference teomprisek ,at@bagonal ithdiusitr,atad aVfl ow chart
o f an exanple of the inproved Hochwal d construction o f the present
invention. First, the first codewntrikesPia ikeriniamshoreieen nbactihe first
codeword in eigen-coordinates at block 11 b y applying the hermtian
eigen-matrix Vto P 1 to yieldanvi1lPl. The Hochwal d
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construction is then applied to the first codeword in eigen-coordinates, V
HPL at block 13 to derive the Ith codeword in the eigen-coordinate, Q 'V
P . The Iwb0@dosz2zod i n the eigen-coordinate is then traosfiBzoowdoodback to

t he Euclidean coordinate with matrix V a t block 15 to generate each fina
codeword P =V ( VP1 00023] . .Beca t b, tﬂ%ﬂ y | | t he

Hochwal d Cbnstr&@??%n:%%gt%gg %%% c%%g%ogé§ﬁggns ogkbg f%?g bia

ei gen-coordi nates, th iqfq{n% at e %89§¥ords Q'vpP, for 1 =1,..., L
still have the sane Bné&rgy di stricBufl'@n Tn the ei gen-coordinates defined by
V . However, the final codewords, PV Q'V P , will have different energy
di stributions once transformed into Euclidean coordi nates. For vector

codebooks, it is_sonetimes convenient to renmve the phase o f _the first

el enent in]é%chT@8d35%6EEb§8?€+aﬂ: ,.?i?%ﬂ_%gxfkﬁ{} t SSPfh& pRaSe o f the
first entry of P, . In this alternative representation o f,.codebook that is
strictly ediWartery P%tHEdSF?ﬁiﬁﬁ?hc88ﬁﬁﬁﬁéén e %F?§?l€fgﬁgﬁ U8t each
codeword is real . [00024] Wth reference to Fig..2 , there is illustrated
in exenpl ar3P% atfi orf2ithe fditFFer ERESERET g2t st%lﬁﬁt B 2anb¥gsPrel enent s
of a codeword produced by the energyshifting properties of eigen-

coor di nat e 1395V GFmati on. Points A and B are el enents within a single
codeword derived according to an exanple of the present invention. The X
and y axes represent Euclidean space while eigen vectors v | and v 2
represent eigen space . The coaqrdinates_of point A are,%ésqrt 3) 12)
1/2) in ei geh spdte,mdtd e Eratirny PiEyuetddeah® sFREBTLISITH | ar MFalFhe

coordi nates of point B are (- (sagrt (3) /2) , 1/2) .in eigen space, and (-
(sqrt(3)/2)fox 1/XpnsRiELERY dedn gﬁéé’é. WY P e, PheEdrgy of
distribution of points A and B are seen to be the sane in eigen- coordinate
space defing®e®3esyl, and v 2 , but different in Euclidean coordinate space.
[00025] It renains to b e shown how the eigen-matrix V is paraneterized.
Here we further inpose the Househol der structure on Vto allow a very
sinple paraneterization of V, i.e. : se (4[00026] where - a-e and 1=[I O o
and p =--7-F8. A wige)eqs apet it iCOPPRRERE XCARK tH@I3uper scri pt H denot es
Herm tian Conjugate. Gven this additional paranmeterization of vector a ,

t he Codebook is now DisPgEel foHetsdrFilREd dncEIFHOkKhr 8aldeciBIPoek, ¢ and a
are obtained. We denote this codebook as P(u,c,a) . The search for an

opti mal codebook par asepsigied: by these three vectors is described by: P ti
| (u,c,a) [00027] Wiere (P Pj) denotes the Chordal distance between two
codewords Pi 5Pj. The opti aaficodebdekerfior, varidous ant enna confi gurations
are tabulated in Table 2 . Wth reference to Table 2 below, there is
illustrated the effectivegegsyefiihg 5§tgggeg$ra@e;?;eﬁegt2iqugqion
showi ng the paraneters of several codebooks using the inproved Hochwal d
construction described herein.wﬁggéa Jﬁ“céﬁ“%ﬂgegS%,%RP gor%fP%ap%nains
formed as col ums of the DFT, 8% 1% the Case in an uhnadult &raté

application of the Hochwal d construction._ The eigen vector, a has been added
as an additional parameter. | rPHH &I of BRECTHSsERETFHedti 6n there is
practiced joint optimzation over vector a and the first codewordPl, which
is , as noted above, an arbitreglylmi tavepeatl i xonPiripast iacubmirtaxt erest is
the |l ast colum wherein there is stated the maxi num m ni nrum Chor dal

di stance between the codewor dsof,{:he-crgeb ugh Bent ReedddrEoveg Hochwal d
construction of the present invention versus that of the standard Hochwal d

i at

construction. In all instances, the m ni num Chordal distance js_i/nproved
through the inpl ementation of tHEHESFod of 1FR" é%%ﬁﬁl%'nﬁﬂﬁii n. [00028]
Table 2 . Note that each columm index O<=c<=Nt-I|, c=[Q] indicates

comprises a hermitian 'eigen matrix;

and
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the first colum of the DFT matrix D, c= [1] indicates the second colum
of the DFT matrix D, etc.[00029] Note that, in Table 2 , vector ais

pr eci sel ywefnewdsas being fornmed of both real and inmagi rergBp@s/H®@o10The
present application is drawn to all inplenentations of vector a , as well
as deviations fromthe valu of. vec . Wh rd. ntj o r

i nadvertent, which night'%?gé% Fﬁrbﬁ%%%F%3ﬁ9%u%%nfhgﬁggg i%% gk%ﬁted vect or
ais sufficiently close to the v Iuedregigegigbqy 398859 enabl e use of

t he codebook. [00030] Once coﬁﬁh ed-%aPcodépbok Torls rucfea'according to an
exanpl e of the present invention can be utilized as illustrated with
reference to Fig. 3 . Base station 35 is in wireless conmunication with

nobile station 33. Mbile station 33 is an bi_l e .devi C | e of

wi rel ess cohfruni T8t i ‘GiF §IRESud Hd°F thman%PE?PédCﬁﬁfmmﬁg%légggﬁﬁa ephones,
personal digital, assistants (PDAs) ersonal cqnputing devj,ces, and the

|i ke. Both PIEFIGAG dh l%%u’é?%dl 195 LRI R TORREGE o gi t al
signal processor (DSP) 37 or another type ,of data_processor. for ,accessing
and operati#y L&Réﬂ%ﬁ aﬂal°&§ta9%tfﬁa%¥ i%%ﬁﬁﬁupFBégWSIE Etbr Wadévi ce 31
capable of storing digital data. A codebook of the present invention is
pref erabl y BHeFed WpSt E28RYHERDry device 31 coupled singularly to the base
station 35 and the nobile station 33. [00031] The DSP 37 of nobile station
33 selects the index for the codeword corresponding to the information
thatthe nobile station 33_w shes to transmt to base station 35. Exanples
of the kind26f det cHiFespdndi MGtH8Tkhe CHBENEREs T t hElddBebddk i ncl ude,
but are not limted to, channel information in the form of channel

matrices, daPEPFETEIDt? fgaisniEdgdreRe™ipr Dt hgl sRTlgnett i€l and SNR
measurenments on spatial directions. Preferably, the index is a string of
data conpriBeérafity mfndedestshi nary bits b . A s each codeword corresponds
to one and only one index, the maxi mum nunber of codewords in a codebook is
equal to 2b . [00032] Typically, there will not exist a codeword that is
precisely equal to the information to be transmtted. Typically, such

i nformation2is ik p¥rgvayr miofmaghiner readables ingtigemians i ntangilivon matri x.
It is for this reason that the nmethodol ogy of the present invention serves
to evenly dewbedird eon oan mpferpdensdepring madivizand hexeswiahim chor dal

di stance between, codewords. By so doing, information can be transmtted by
sendi ng t hebindedigitahedabaleporceadwt it degfern potibesi afvedsad on
matri x, such as for exanple a channel matrix, in the nultidinmensional

G assmanni ahowand f ofltk wi tteremiisgiipam ¢bHssinforapduracy . thhe BSRAL@P of t he
nobil e station functions to performa cal cul ation or cal cul ations as

di rect ed bycswptimirey:or hardware encoded |logic to select the codeword of

t he codebook that is closest to theinformation to be transmtted so as to
obtain the index corraspdmdnggahoitfermeddenomndtsioxsel ect ed. [ 00033] The
index so derived is typically transmtted by the nobile station 33 by at

| east one transmt ardenssidy viea aoflebdblacktd oopeBLcit 0 driie bEfse st ation
35. The base station 35 receives the transmtted i ndex through the use of
at | east one receive ant emlardlityAof hoileds kageespahdbmg3toisaiimlarly
equi pped with a DSP 37 in comrunication with a nenory device 31 upon which
is stored the codebook 45.indskngtite receavetki ndexaid he DSRASod¥ t he base
station operates through the execution of software or hardware encoded
logic to retrieve the correspeiading: codeword fromthe codebook 45. [00034]
A s noted above, the exanples of this invention may b e inplenented by
conput er software executable by §i9@£qxﬂkgﬁﬁ859{;0f the M5 33, or by
hardware circuitry, or by a conbination of software and hardware circuitry.
The M5 may be one conponent of _a E‘EG%§§S ggngggiqg;gpnpsyﬁtgnb Further in
this regard it should be noted® Rat'"the"¥aft oU3 Bl OcKs 6f t'heé Iogic flow
diagramof Fig. 1 may representLprogran1s£eps, or .interconnected | ogic
circuits, blocks and functions?2 or YBSERNBI natiFRTECPr Ggraistep:t and | ogi ¢
circuits, blocks and functions for performng the
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specified tasks. [00035] Wth reference to Fig. 4 , there is illustrated a
flow chart of an exanple of the nethod of the invention.[00036] Although
descri bedwonoddneszont ext of particul ar exanples, it wl pclvaBzoogasoert to
those skilled in the art that a nunber of nodifications and various changes
to these teachings may occur. g’%lt§, #}Hfié e kNventd.An  has heen

particul arly shown and descri be WIF respect to one or nore prefnerred
enbodi nents thereof, it will b unde;lé&pﬁﬁg by those skilled in the art that
certain nodifications or chang®s, =i n”®dr miiantt€hape’ nBY™BELFRiIe 3 her ei n

wi t hout departing fromthe scope and spirit of the invention as set forth
above. CLAI M5 What is clained ignttary, Amgsthsd ofouerising a eegebook
conprising: deriving a first codeword P1 in Euclidean coordi nates;
transform ng said first codewovectianso ei @encuonpdiisates 8 apiHgdameg a

Hochwal d construction to said first codeword in eigen- coordinates to

derive a plurality of codewordg,ini.ei gelr ©OOLGLHAL &Sy aange%iaﬂ%fnor m ng
said plurality of codewords in eigencoordinates into a plurality of

codewords in Euclidean coordingte&s tgtoem sgid.codebgak. ¢ . he nethod of

claiml1l wherein said first codeword is a unitary matrix. 3 . e nmet hod of
claim1l wherein transform ng saj i e %9 riSes | yizng a
herm tian eigenmatrix VH to yi%%%&%&%@%@rﬂé |rsg)aIS uni 13? )r(rjﬁftrix of
size Nx Nand P1is a N1 M1 ' : f i m.3 erein said
plurality of codewords in ei ge%?%%%%%éi%ngfggggggﬁggﬁﬁe%cg@%ﬁ/f 1, where /

=2 ... 2L, 2L is equal to an . Le. pl urali f..c words, and Q
is a diagonal matrix. 5 . The gng?%%lép%flﬁg%gll%éﬁhleﬁr%x%sQ ?gga portion of
an ei gen deconpositi f [ 1 = VQVH re rises a unitary
matri x conprising ei %gr??l?reng{:grﬂéé éaidrhgnﬁet?%/d éc,)’%g%cl gly}#g er F,‘OI%I’I
transformng said plurali tiyldgfeé:odevmr ds in eigen-coordinates conpri ses
applying said unitary matfi'X 8 each of said plurality of codewords in

ei gen-coordinates to yield said plurality plurality of codewords in

Eucl i dean coordi nates such that P1 = VQ 1V11P1, where / =2 ... 2L . 7 .
The net hod claim6 wherein_the matrix V,is paraneterized as .ot herw se
where a cong%tsquhea PERFOFT (?gnpcr%fasjé% gﬁ "EERE Y m(fi LA sier scri pt H
denotes a Herpitian Cogjhggat?. 8 .. The nethod of claim7 wherein the first
codeword P1™RETFArHhEt B§'a®9% [ ,---,dc ] , where c is defined as D
C[ClL,.. .,cM] and dc i s the C1Lt h colum of the Nt NtDi screte Fourier
Transform (DFT) matrix O N whose (mn) elenment is specified as ( N)mn = e
" where \<mn N. 9 . The nethod, of claim7 wherein the rotation matrix Q
is par arretgllz?zedﬁé% RREPEY (o detdifed2hs WASERED. SaifN 1PEOHPREIORe et hod
of claim?7 wherein said eigen _vector_a is given by [1.2518 - 0.6409i,

-0.4570 - 0P3¥WIRY Bediu 1S odv9pesed 11 i3 GPRRIPERF [Of 2 uvikekfisfen by [ 1
, 26, 57] for a 6, bit codebook where the nunber of spatial streans is 1 and
t he nunber BP™YAHARICTaFYERRRs is 3 . 11. The nethod of claim 7 wherein
said eigen vector a is given by [1.3954-0.07381, 0 .0206+ 0 .43261,
-0.1658- 0.5445i, 0 .5487-0 .1599i] , c is given by [1], uis given by [1,
45,22, 49] for a 6 bit codebook where the nunber of spatial streanms is 1
and the nunBér of RF¥FHSH tofaeshiag-readable dnstiystienfiodt 39 e m 3

wherein a paraneter of an optiml codebook is generated by where d cnoraai
i . P embodied on an information bearing medium and eXxecutable

by a digital data processor, to perform actions directed
toward the reception of information, the actions
comprising:

receiving an index; and
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] ) conprises a Chordal distance between two codewords P Pj.13 . A data
structure enbodi ed on a tangi ble nmediumconprising: a first codeword P1;
and a pl uwel2ndsp7sf20codewords P1, / =2 ... 2 ., where 2[pCcTaBmos/s@si: nunber
of said plurality of codewords wherein P1 = VQ 1V11P where V conprises a
unitary matrix conprising .eigen vectors,. Q conpti a di agonal trix, and
VH conpri ses a her ni $5&H éfﬁgnahapr%£ofﬁ. %ﬁe agigégtrgégurgﬁofgglain113
wherein said first codeword and _said.plurality of codewor re.in
Eucl i dean coordi nates . :ﬁiuﬁél%ﬁgiI%fsfﬁF%gﬁrcgnp??Ef?%ﬁ%éﬁig s F%r storing
a codebook, said codebook coymri.sin :.g.fi t codeword P1:. and a plurality
of codewords P1, | - 2 ..52 ,lqﬁﬁérgat é%ﬁ%%%%%écgmﬁﬁﬁ%%Egbf said plurality
of codewords wherein P1 = VQ i VHP where_V conprises a unitary nmatrix

conpri sing eigen vectors, Q cEmpit&esCe N Ugorfal matrix, and VH conprises a
hermtian eigen matrix; andneans for accessing said first codeword and said
plurality of codewords. 16. The pinlilétgt afi ondeordai M 15/ fxr2 her
conprising a plurality of indexes each corresponding to an individual one
of said first codeword and saixd, pims=d itf oabreedevarasnberl 65 EBeanobil e
station of claim15 conprising a neans for transmtting at |east one of

said plurality of indexes . 1 L el ess copponent @onpri sing:
means for storing a codebook ggi a%%ggbggk(ggﬁﬁg%ang: a fP}s? codeword P1
and a plurality of codewords PL, I, =2 ... 2L, where 2L conprises a nunber
of said plurality of codeword@Hedei Whene VL VRPMRKEFRS Vac BBtRsEs a
unitary matrix conprising eigen vectors, Q conprises a diagonal matrix, and
VH conprises a hermtian ei gematatiki xcomgndreags éibgeracvessbng, sad first
codeword and said plurality of codewords. 19. The wirel ess network

conmponent of claim18 furthercggﬁgggégng_gu%bggghi tggxingﬁﬁﬁsyeach

correspondi ng to an individual sal I'rst codeword sai d

plurality of codewords. 20. T oﬁﬁrﬁ@%?ssan%&ﬂﬁﬁ%i ﬁﬁpgf%gﬁ q%t%ggin118
g a of sal

conprising a neans for transmittrn | east one plurality of

i ndexes. 21. A program of nac@h&&ei quﬁgieo'nggggcgﬁgg§,(; i-blyy enbodi ed
on an information bearing nediumand executable by a digita at a

processor, to perforn1actionszg&{ec£§9 to&&&QaRDﬁytr @sn1§gaéwgrg
; n

information, the actions conpri'sing. obtarnrng am i nformation matri x;
accessing a codebook to select_one of g plurality of in gxgﬁ %%g%esponding
irs

to said information matrix sai & ¢GGE600K ggnpri5|n € a” odeword P1 ;

a plurality of codewords P1, 1 =2_... 2% i ere 2L conprises a nunber
ofsaid plurality of codewords RHEFSFYPTE UG R PL where V conpri ses a
unitary matrix conprising eigen vectors, Q conprises a diagonal matrix, and
VH conprises a hermtian eigen matrix wherein each of said

25. The program of claim 24 wherein said information
bearing medium is disposed in a component of a wireless

communication system.

26. A method comprising:
deriving a  first  codeword P, in  Euclidean

coordinates;
transforming said first codeword into eigen-

coordinates;
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first codeword and said plurality of codewords corresponds to a uni que one
of said plurality of indexes; and transmtting said one of said plurality
of 1 ndexewo.2084753Bhe program of claim 21 wherein said i pConBRs/GWOTEAL NI X 1S
a channel matrix. 23. The program of claim 21 wherein said information

beari ng nediun1|§6ggzg§seg |ﬁoémﬁgﬂpoqgﬂgtghcglghre&gsssggpnqghggt|on

system 24. A pr f machi ne -readab e instructions, tangibly enbodi ed

on an information beggaggoggdlgﬂ1ag fﬁyﬁgtgg at@'QGEQEVgat

processor, to perform-actions direct the reception of information,
t he actions conpr|5|§?ur5fg§§ éggg§3 quaggﬁgﬁlggbfa ehgok to

sel ect one of a plurality of” co emor s correspon gto sal éx sai d
codebook conprising:a%dfirst codeword P1; a plurality of codemords P1, 1 =
2 ... 2h, where L conprises a number of said plurality of codewords wherein
P1 = VQ 1V11P1 where .V _conpri i tr rising.ejigen vectors,
Q conprises a dﬁgbgﬁg “Hat .s%§§ %1@%a3§%% n§e§b§6%§?§1t§ Qaéfgbn mat ri x
wherein each of said flrgt conggEg and th afﬂuralkt%ogewco gmords
corresponds to a uni qU€" na36F° sard®plfur Bty |ndexes 5% ThE program
of claim 24 wherein % 9 nfornatuﬂmagear nedlun1| %posed in a
conponent of a wrel %8%%56? 1R SVys en1 Ro ‘conpri sing:
deriving a first codeword Pl in Euclldean coordlnates; transforning sai d
first codemord into eigencoordi nates ; applying a Hochwal d construction to
said first g%morggjn eigen- coordlnates to derive a plurality of
codewor ds |n ei oPEPARREYS AN {FaRSf or mi ng said plurality of
codewords in eigencoordinates into g plurality of codewqrds Eucl i dean
coordi nates to form §°@88ebbBk. SFPr: a?)pa‘?qﬁletpfoéonﬁ?mgl n‘E‘;OAer]Pé’szlfs for
storing a codebook said codebook conprising: a first codeword Pl; and a
plurality of codewor §§"Bi*5+p9= 2 | . 2L, where 2L conprises a nunber of
said plurality of codewords mhereln P1 VQ@ VH P where V conprises a
unitary matrix conprisingde géﬁtV€EF@P§d @ cotsti ses a diagonal matrix, and
V H conprises a hermtian eigen matrix; and neans for accessing said first
codeword and said pIuraliaypﬂhramdeyob65codewords P, 1 =2 . 2%

where 2" comprises a number of said

plurality of codewords wherein P, =

VQ'V?P, where V comprises a unitary

matrix comprising eigen vectors, (@

comprises a diagonal matrix, and V¥
comprises a hermitian eigen matrix;
and

means for accessing said first codeword

and said plurality of codewords.
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