22 Decenmber 2006 WO 03/091243 PCT/ US03/ 10466 ESTER DERF PRTTUREE CES A
DECAHYDRO SOQUI NOLI NE- 3- CARBOXYLI C ACI D AS ANALGESI CS FI ELD OF THE

| NVENTI ON 5 The present invention relates to novel prodrug fornms of

(3S, 4aRway3Bafdxs 6- [ 2- PCT/US03/10466
(1(2)Htetrazole-5-yl)ethyl-1,2,3,4,4a,5, 6, 7,8, 8a-decahydr oi soqui nol i ne-3-c
arboxylic acid, to pharmaceutical conpositions containing the prodrug
forms, and to nmethods of using the prodrug forns. 10 BACKGROUND OF THE

| NVENEFITER DERTVRETVES Gt & SDERBINVPROISNQUINGLINEO3-SAfecdivsrd asHs A hatreegrdsai n
decahydr oi soqui noline derivatives are AMPA receptor antagonists, and as
such are useful in the treatnment of many different conditions, including
pain and mgraine. In addition, W 01/02367 A3, published January 11,
2001, discloses diester prodrug fornms of the selective GLUR5 15 ant agoni st

3S, 4aR, 6S, 8aR- 6- (((4-car eny] 1,2,3,4,4a,5,6,7, 8, 8a-
~'decahydr oi soqui nol i ne- 3- ﬁﬁél\y ”ﬂﬁﬁﬁm NI s an Obj ect of the pr esent

i nention tie Ed@é‘dtﬁiﬁfeﬁﬁlmeﬁfe@tcﬁmﬁél ;{r&ﬁlglﬁ;ﬁnﬁﬁf@s,m 6R,8aR)-6-[2-
-1,2,3,4,4a,5, 8a- de roi soqui nolin

6-[2-(1 Ht et | e- 5- h
e- g c g@&#@PtF%O{e%éﬁ)f&ﬂTﬂékg a=§ Pﬁﬁ?@%ﬂ‘s?ﬁ%ﬁﬁbﬂ‘@ "%‘g the parent
MDNO &Gy, dhirthafeufigdlicEibositidhs g&tﬁ%ﬁ Eﬂe%?odnké fotrils, 8d PRh&RIds 8f udidpe present

i nventi on to provide nonoesters of

(3S, 4dbe pRIBEWWS- [ 2- (1(2) H-tetrazol e-5-yl )ethyl -1, 2, 3,4, 4a,5,6,7, 8, 8a-
decahydr oi soqui nol i ne- 3-carboxylic acid which are substantlally converted
to the parent nonoacid in the patient. 25 SUVWARY: OF THE I NVENTION It has
naw been di scover ed tBACKGROUNDEDF THEINYEMISONf t he nonoaci d,

ocahyar of SAAER oI pabatd o Eoafatt b eeiyfobedtatfes 7o oved
bi oavaietiafivies drg AMIPA t&eptam&g@mgks 3d 6OieR ke tiséfl inhied tratoent efed by

adm ni stration of fhe npnoacid. |tseII 30.In ddl noesters are
subst dAMyAiifsrent gprditionsgneludingpain Ancaieraine: Aﬂ? W@ﬂl’ogﬁﬁ nonoacid is

A f.-
di scl G58fsHell Jdduzy 1'famntm&ﬂ@@m&%&pfd&@&%ﬂnﬁﬁ%@mﬁv@@m}997
15  antagonist 35,4aR,6S,8aR-6-(((4-carboxy)phenyl)methyl)-1,2,3,4,4a,5,6,7,8,8a-
decahydroisoquinoline-3-carboxylic acid.

It is an object of the present invention to provide monoesters of (35,4aR,6R,8aR)-
6-[2-(1(2)H-tetrazole-5-ylethyl-1,2,3,4,42,5,6,7,8,8a-decahydroisoquinoline-3-carboxylic
acid which provide improved bioavailability of the parent monoacid in a patient. In

20  addition, it is an object of the present invention to provide monoesters of
. (35,4aR,6R,8aR)-6-[2-(1(2)H-tetrazole-5-yl)ethyl-1,2,3,4,42,5,6,7,8,8a-
decahydroisoquinoline-3-carboxylic acid which are substantially converted to the parent

monoacid in the patient.

25 SUMMARY OF THE INVENTION
Ii has now been discovered that the novel monoesters of the monoacid,
(35,4aR,6R,8aR)-6-[2-(1(2)H-tetrazole-5-yl)ethyl-1,2,3,4,4a,5,6,7,8,8a-
- - decahydroisoquinoline-3-carboxylic acid provide significantly improved bioavailability
of the monoacid as compared to that provided by administration of the monoacid itself.
30  In addition, the monoesters are substantially converted to the monoacid in the patient.
The monoacid is disclosed in U.S. Patent 5,670,516, issued September 23, 1997,




22 Decenber 2006 2 In a first aspect of the present izr%v%er?telmgﬁfz?%ere S
provided a conmpound of the formula: N\ HHHO '"NOR HNH Hwherein
Rrepresents Cr-Clo al kyl, provided t Re conmpound i s not

(3S, 4aR, 6R, 8aR) - 6-[ 2- (1H Tetrazol -5-yl)-et hyl] ‘
-1,2,3,4,4a,5, 6,7, 8, 8a-decahydr o-i soqui nol i ne-3-carboxylic acid nethyl

ester, or a phm’ %?ggaefcﬁlgértﬁe%gé:%ﬁgﬁ%@. %ah;t(%%%g{ﬁﬁ\gé%l n a second aspect of

the present invention, a ichis

(3S, 4aR 6R, 8aR) -@nlpéukd bt detdmR: - 5- Yl ) -ethyl] - 1,2,3,4,4a,5,6;
7, 8, 8a- decahydr o-i soqui nol i ne-3-carboxylic acid 2-ethyl-butyl ester. 1In a

third aspect of the preseni—ithvention, there is @ovided a conpound which
i s (3S, 4aR 6R 8aR)-6-[ 2-( razg H5- -
- 1,2,3,4,4a,5, 6, 7, 8, 8a- decahydr o>Soduh 3<earhgpyl i c acid isobutyl

ester. In a fourth aspect oHthe pres , there is provided a
conpound which is (3S, 4aR, 6R, 8aR) - 6- | ] -5-yl)-ethyl] -
1,2,3,4,44a,5, 6,7, 8, 8a-decahydr o-i soqui nol i fye- 3- carboxyl i c acid 3-net hyl
butyl ester. In a fifth aspect of the present invention, there is provided
a conporheceindRi represents Gk Rr8eRd fhe]An(pbbhd Rtooa 33| 4aR;60/, §ar)t6pa-{1 H-

1,2,3,4, 4a. 5, : - rq-J soqui nol i ne- 3-cayboxylic acid,decyl, ester.
In a s‘iAI;‘(3 "3‘55;63%111‘338’% E%?C"g%gé?(té?’f@%“r@?‘éﬁ?%?% 1 é-%r%w@%amé "(’:‘Eﬁ%ﬂound
-whi ch ieste, 352 phiintBettlly Sccbpmblbshil 8lerano! - 5-yl ) -ethyl] -

1,2,3,4,4a,5,6, 7,8, 8a-decahydr o-i soqui nol i ne-3-carboxylic acid ethyl ester.
In a seventh aspect of the present invention, there is provided a

, pharmaceuti caly, Gk bigidt ottib pRseRiTUbATR, MerOmRPMAgL" Salt
- ' a compound which is (35,4aR,6R,8aR)-6-[2-(1H-Tetrazol-5-yl)-ethyl] -

1,2,3 4,4a,5,6,7,8,8a-decahydro-isoquinoline-3-carboxylic acid 2-ethyl-butyl ester.

N In a third aspect of the present invention, there is provided
a ' a compound which is (35,4aR,6R,8aR)-6-[2-(1H-Tetrazol-5-yl)-eth¥l] -

- 1,2,3,4,4a,5,6,7,8,8a-decahydro-isoquinoline-3-carboxylic acid isobutyl ester.

In a fourth aspect of the present invention, there is provided
a . compound which is (35,4aR,6R,8aR)-6-[2-(1H-Tetrazol-5-yl)-ethyl] -

1,2,3,4,4a,5,6,7,8,8a-decahydro-isoquinoline-3-carboxylic acid 3-methy! butyl ester.
In a fifth aspect of the present invention, there is provided
‘ @ compound which is (35,4aR,6R,8aR)-6-[2-(1H-Tetrazol-5-yl)-ethyl] -
1,2,3,4,4,5,6,7,8,8a-decahydro-isoquinoline-3-carboxylic acid decyl ester.

In a sixth aspect of the present invention, there is provided
--a’ compound which is (35,4aR,6R,8aR)-6-[2-(1H-Tetrazol-5-yl)-ethyl] -

1,2,3,4,4a,5,6,7,8,8a-decahydro-isoquinoline-3-carboxylic acid ethyl ester.

In a seventh aspect of the present invention, there is provided
a pharmaceutical composition, which comprises a compound or salt
as defined above, or (35,4aR,6R, 8aR)-6-[2-(1H-Tetrazol-5-yl)-ethyl]- '
L) .
- 1,2,3,4,4a,5,6,7,8,8a-decahydro-isoquinoline-3-carboxylic acid methy! ester, and a

kS

- pharmaceutically acceptabl_e diluent or carrier.




+ -1, 2,3, 4, 4a, 58 ¥F

as defined above, or (3S, 4aR 6R 8aR)-6-[2-(1H Tet r azdi> %ec)‘?mbe 129161]
1,2,3,4,4a,5,6, 7,8, 8a-decahydr o-i soqui nol i ne-3-carboxylic acid nethyl

ester, and a pharnaceutlcally accept@bl e diluent or carrier. - ------ -
----------- 22 Decenber 2006 2a In an eighth aspect of the present

I nvention, there is provided a pharnmaceutical conposition, which conprises
a conpound or aR.6R

8aR)-6-[ 2- ( 1H_®aalr}el %gBéérﬂ}%‘? tl?eﬁéj\é?entqnven §r§ 'there’is provided

1,2,3,4,4a,5, G.Ph Bne&u Wﬁﬂ%ﬂ&ﬁhﬁ@lﬁpﬁ%ﬁsﬁ <emppendon salt a¢ fefined abgye, or
ester _ € ol e diluent or carrier, for use in

t he tre @%gﬁfRE?ﬂQ&?ﬁFﬁ%%f&h%%% asﬁ@ﬁt of the present invention, there is

provi dedi3.4,4pi5:6, ﬁ,ﬂ;ﬁe.tdacdwldra:[mpmnoliﬂeemammﬂic aidmetbyd sster, emhpound or sal t
as cl a ned |

(35, 4 PBhcnlioRRbpSRnis ¢l Saniict for Bt by treatment of pain.
1,2,3, 4, 4a, 5, Qn% finthcis g&&?glrfé&ebéﬁqmé&%hgﬁ?g ?For Ry i c aC| d met hyl

ester, and a pharnace acce uen arr| ein

the treat nent ad"ThaHP 3?’ e%‘l“’?‘ﬂgoﬁ 13"?#

t her ead ﬂérdmmtﬁﬁl web mmms AletrazolLs- I-ned above or
(3S, 4a|-)25%R 8aR) - 6- [ 2- (Ir Tetrazol - yI @Ht ﬁyl ] 75-oHs}

1 2, 31.2,346455.6,78.8a-decalivdratisraminolisoduiarhsrylie agd ehyosteriaadci d et hyl
ester ta&ﬂ!mchﬂ I?%&E%;ﬁ&ﬁlb‘ﬁﬁu&ﬁ ofcdlBd fcﬁr{EQE.{ Qerehiertt BFR&%E@E. of pain. In an

eIevén as ec resent Invention ere 1's provi the use of a
conmpound or sg
(3S, 4aR, 6R, 8aR a1 Q?ﬁ%f@fj} 35?24{9_% YPption, fherp is provided

- acomponh 9 ﬁ%@fé@% MIVEI3- carboxylic acid met hyl
ester (3§ MR, Bﬁﬁaﬁﬁ@-‘ﬁi-ilﬁtmfeﬁaﬂfl ﬁy?f% dot nu'i@rﬁtiﬁ% ans Shfd%é’éﬂiﬂﬁis%%uiﬁbm@ﬂe-

Di scl 0séd herein are compounds ©
: carboxylic acid methyl ester, for the manufacture of a medxcament for the treatment of pain.

In an eleventh aspect of the present invention, there is provided
theuse of a compound or salt as defined above, or

(3S 4aR,6R,82R)-6-[2-(1H-Tetrazol-5-yl)-ethyl] -1 2 3,4,4a,5,6,7,8 8a—decahydro-1soqumolme—3- :
carboxylic acid methyl ester, for the manufacture of a medicament for the treatment of migraine.

Disclosed herein are compounds of formula I:

Formula I

wherein R represents C, -Czo alkyl, C,-Cg alkenyl, Cng alkyl-aryl, C;-Cs alkyl-(C3~
Cio)eycloalkyl, C;-Cg a]kyl-N,N—Cl-Cs dialkylamine, C;-Cs a]kyl-pyxrohdmc Cr-Cs
alkyl«plpendme Ci-C alkyl-molphohne ora pharmaceutmally acceptable salt thereof.




H Formula | wherein R represents Cl1-C o al kyl, CZ-C6 a%%%%ﬁ“?be&%%%
al kyl -aryl, Cl1-C6 al kyl -(C3- Clo)cycloal kyl, C-C6 al kyl - N$- C1- C6
di al kyl am ne, C1-C6 al kyl -pyrrolidine,2l&rC6 al kyl -piperidine, C-C6
al kyl -morphol i ne or a pharmaceutically acceptable salt thereof 22 Decenber
2006 2b Further disclosed is a nethod of antagonizing the AMPA or d uR5
receptor, which conprises admnistering to a patient an effective anount
of a conpouudhafdifcosedilsea meth¥etof butagdneingdths avPRest GIBRAreBBIGOGNERT t he
treat nent of neur.ol o |cal di sgrder, which conprises admnistering to a
pat i er?PmPrr‘Feﬁégrﬂ'“FWBP%@ Rafient pp giqdtivematst #ia gmralndsfiosasia’-of  formuia | .
Further disclosed is a nethod for the treatnment of pain or mgraine, which
conpri ses mﬂlﬂjrllhiarsduﬁjldsag|sta)mathpafdra1ettrdannmeﬁa héeclegital disorgérf woich ve anount
of a conmpound of formula I. Further discl sed i S trﬂe use o ?orrpound of
£ or mul @MPrsesradyisteraEde A celions ingfeed eser A AURRIVE BFOVH ! A EBRPRER of '
neurolggigAal disorder. Further disclosed is the use of a corrpound of
formula | for the manufacture of a nedicanent for the treatnment of pain or
m grai ne. DETAI LED DESCRI PTI ON OF THE | NVENTI ON As used herein, the term .
"priodrug” reiteerslisclvsed soetsddior e treataiehive paih oamigaaing wpichcomprisesl f unct i onal
drug, which derivatjve, when adm nistered to a patient .S converted into
t he notiBUEsS'E™E &t 2 Bitientih aeesivsrrelan £eriye royhehn ((%HPOWCHI YL ¢l eavage of
.the conpounds of the present invention occurs in such a nmanner that the
parent nmono carboxylic acid (drug) is released. 5 22 Decenber 2006 WD
03/ 091243 PEIHSABEARAES theSuseAS dismthbohadt of forrdie | faerthe mEoufpduradf A" refers to
(3S,4aR, 6R, 8aR2 6- [12 (1(2)H

medicament for the reatmeglt gfa neurological disorder.
Further disclosed is the use of a compound of formula | for the manufacture of 2

medicament for the treatment of pain or migraine.

DETAILED DESCRIPTION OF THE INVENTION
As used hereiﬁ, the term "prodrug" refers to a monoester derivative of a carboxylic
acid functional drug, which derivative, when administered to a patient is converted into
the monoacid (drug). The enzymatic and/or chemical hydrolytic cleavage of the
compounds of the present invention occurs in such a manner that the parent
monocarboxylic acid (drag ) is released.




tetrazol e- 5-'yI Yethyl-1,2,3,4,4a,5, 6,7, 8, 8a-decahydr oi s%?q%?%?mb.eh%‘-’%@ car boxyl
ic acid. As used herein the term"Conpound B" refers to
6-[2-(2H Tetrazol -5-yl)-ethyl]- decahydro i soqui nol i ne- 3-car boxylic acid

et hyl used herein the term " Conpound C'
6- [ 2-(iﬁ-b$gl?grlg4zséls 5-yl)-ethyl]- decahydro-i soqw nol i %e @g%gpﬁoxyl ic acid

2-ethyl -butyl ester. As used her®in the term " Conpound D' refers to

6-[2- (1H Tetrazol -5-yl)-ethyl]- decahydro-isoqui noline-3-carboxylic acid

| sobutyl ester. As used herein the term " Conmpound E" refers to

6-[2- (2H Tag u@aqiereﬁrthéﬁenﬁt'ﬁmhﬂ;eund&"defeml’nq@ﬁ'ﬂaR,ﬁﬁ@aR)a@{Z—ﬁéZ)H-car boxylic acid

3- et hyl - butyl h the te refers to

6-[ 2- ¢ qw%ﬁﬁé)fglw gz@i"'ﬁ%é!qf@gfa‘g ‘beq%r g&yﬁga%gcar boxylic acid

~ decyl estepg uéé'aﬂéﬁe@rﬂthbﬁehﬁl"ooﬁa a@'@efeﬁlo@ﬂz @k ybiazbles-gy-8thyld- a strai ght or
branched, nonoval ent, saturated aliphatic chain of 1 to 4 carbon atons and

i ncl udeeshydserisonsinaline-3- ¢aﬁqu§hF%f-‘éﬂmlﬁ§tPf 15 ethyl, n-propyl, isopropyl,
n-putyl. 130} %ﬂaﬁﬂ ot Ebifous @‘@"‘f@f@x‘gt(f‘gmftﬂ{@&?azwf%—e 106 al kyl "

ers to a ra| ranc nonova saturated aliphatic chain of
1to ﬁe@hydmmoqummeaaqchrbmlmmz-ethul-butﬁ esfet |imted to nethyl, ethyl,

n-propyl I, sopr but, t . hexyl and t he

i ke. Eed@%%gﬁ&g’;e oéamP élﬁ gtle{set(r) Pr&f% Eﬁ@ ﬁp’ﬁyw hgﬂl ncl uded W thin

.thfe d@%éaﬂydrb%qﬁﬁnoiﬁlxﬁl-?r @%o’a’@h@d;\d{déisobutﬁmtas.led herei n the term' ﬁ:l CGo ﬁl kyl " f

refers to a straight_or branche ova phatic chain o

1 to 10 cafpyseddhictith ﬁﬁﬁnlﬁ B FrSt%é“ 'tm"??atfﬁzf’g%egsﬁmt hyl, ethyl,

ngPY'decahag&eﬁébaﬁinohﬁb ﬂa%ﬁ(dxlvyhé ﬁg&i)%lh'béﬂ:yl Bﬁﬂds@fy butyl, pentyl, isopentyl,
xyl

© 2-net hyl - 2A8esed herezsthgterrm"Compwﬂ y refers Ffé%{%rilflaﬁﬁragﬁg‘-‘e-%%%iﬂl1 t will be
B e (A g L AL N
al kyl " ref assisddcheseisthe &argHC-0% ahylémferem a straighbortiranshed, meneralenbd al i phati c
ST Sl BoAT SRS B CRR U  Bil h bg (
hQSY' ,et}iirl ffﬁqirbp’g}l,ﬂ&fpfrdﬂyi ndugi, hsobbiy! sd thetitkept yl , n-octyl, n-nonyl, n-decyl,
" : - ndecyl, As ‘used herein the term "Cy-Ce alkyl" refers to a straight or branched, monovalent,
saturated aliphatic chain of I to 6 carbon atoms and includes, but is not limited to methyl,
ethyl, n-propyl, isopropyl, n-butyl, isobutyl, t-butyl, n-pentyl, n-hexyl, and the like. It will
be understood that the term "C;-Cy alkyl" is included within the definition of "C;-Cs
20  alkyl".
o As used herein the term "C1-Cq alkyl" refers to a straight or branched,
monovalent, saturated aliphatic chain of 1 to 10 carbon atoms and includes, but is not .
limited to methyl, ethyl, propyl, isopropyl, n-butyl, isobutyl, tertiary butyl, pentyl,
isopentyl, hexyl, 2,3-dimethyl-2-butyl, heptyl, 2,2-dimethyl-3-pentyl, 2-methyl-2-hexyl,
25  octyl, 4-methyl-3-heptyl and the like. It will be understood that the terms "Ci-C, alkyl”
and "C;-C alkyl" are included within the definition of "C;-Cyo alkyl".
As used herein the texm "C1-Cyp alkyl" refers to a straight or branched,
monovalent, saturated aliphatic chain of 1 to 20 carbon atoms and includes, but is not
limited to, methyl, ethyl, propyl, isopropyl, butyl, isobutyi, t-butyl, pentyl, isopentyl,
30  hexyl, 3-methylpentyl, 2-ethylbutyl, n-heptyl, n-octyl, n-nonyl, n-decyl, n-undecyl, n-
dodecyl, n—tridecyl; n-tetradecyl, n-pentadecyl, n-hexadecyl, n-heptadecyl, n-nonadecyl, n-




dodecyl, n-tridecyl, n-tetradecyl, n-pentadecyl, n-he2&det§"Peh28 %ot adecyl
n- nonadecyl, n 22 Decenber 2006 WD 03/091243 PCT/ US03/ 10466 4 ei cosyl and
the like. It will be understood that the terns "Cl1-C4 al kyl", "Cl-C6

aIkyII a-do alkyl™ arelncluded V\nthlnthe éiﬁ% nof "Cl-Cm
al kyl " Woxggbgs%d herein, the terns "M" P [ 03}1646 and "t-Bu"

refer to nethyl, -butyl respect4-vel y. et hyI propyl |sopropyl butyl and
tert 5 As used herein the term"C2-C5 al kenyl "refers to a strai ght or

branched, nonoval ent, unsaturated aliphatic chain having fromtwo to six
car bogicadyDarEL th Wiy, deill le2m@steddthatythe grmeids-CrathyiidéCeChalkyll , (al so known as

vinyl), 1-met hyl et henyl hy] -| -. propen epyl, 1- hexenyl ,

2- metﬁ‘}q 'Ga=Gyp ¥k %em"’l“dﬁﬁiﬁ’btgﬁ'}*l "L' rﬁ’g é’l’czofﬂ%'tt)gnyl 2-pentenyl, and
the like. AQuAa hBRECHISIRS "Met, hEt"t'%'thaf yibin dn@ e rber loRiaa) ent _
carbocyclic group containing ~one or nore fused or non-fused phenyl rings

and i elbyhipiepyl, fsopropd.dvpil and torkdapl tespestivgly.2- napht hyl, 1, 2- di hydr onapht hyl ,
3,4-te b : the t "C-Co6
ali Laryl Chk m%&%ﬂﬁﬂ%ﬁﬂ C;aébﬁ{: £ rEfe#s% 'ﬁé?deu %{jbrlaﬁdh@d n, e term

6rs to a Str ranc nmonoval ént, saturated
al i phatoncvaﬂ:émmlnsanirat&d alq:hﬁtm:@ahdmvmgcﬁwm Mlttzmlqatboraatoms yTypgﬂabup 15 attached

to th ic chain dvmthlnt qar |" are the
foll o&zg‘l@ ﬁ‘ﬁ?ﬁa gfqyRs Jcipde e‘ﬁiﬂyﬁgg‘a l%%‘?"éf‘% ter R}a%ﬁb?&e) cI oZu kyl "
-ref er gropenyd, 1SHiteryst Sdx iyl naaanPOprogeayl, il pgopehyl T propenyt; @mwnw ng fromthree

to ten carbon atons. Typical C3-Cl O cycloal kyl groups include cycl opropyl,
cycl OBTPP?‘PHY cf’;?’éﬂ't‘f‘dé‘ﬁt yl, cycl ohexyl, cycl oheptyl, cyclooctyl, and the

like. It igsyndeesiond téda.atagg(%rﬁwmm@@hmcycwoup(ceﬁmmigcycI oal kyl " is

|ncI uded within the term ) cycl oal kyl used herein, the term

" Or C6 ong dayrhore @sedpinonyfused phenyl ringsapd inglndes, froxgmplgphenyt, 1- 9%2+hr anched,
”D”O"aja Byt SRER@bEIn@LT PRAM G ilatRafiing, £ 4l 1&er bon atoms whi ch has a
As used herein, the term “C;-Cs alkyl-aryl” refers to a straight or branched,
monovalent, saturated aliphatic chain of 1 to 6 carbon atoms which has an aryl group
15  attached to the aliphatic chain. Included within the term “C;-Cs alkyl-aryl” are the

following:

- and the like.
As used herein the term "(Cs-Cyg)cycloalkyl” refers to a saturated hydrocarbon
20 ring structure containing from three to ten carbon atoms. Typical C3-Cyo cycloalkyl

grbﬂps include cyclopropyl, cyclobutﬂ, cyclopentyl, cyclohexyl, cycioheptyl, cyclooctyl,
and the like. Tt is understood that “(Cs-Csg)cycloalkyl” and “(C4-Cg)cycloalkyl” is
included within the term "'(Cs-Cip)cycloalkyl”.
As used herein, the term “C;-Cs alkyl-(C3-Cio)cycloalkyl” refers to 2 straight or
25 branched, monovalent, saturated aliphatic chain of 1 to 6 carbon atoms which has a (Cs-
R ‘Cio)eycloalkyl attached to the aliphatic chain. Included within the term “C1-Cy alkyl-(Cs-
Ciro)eycloalkyl” are the following: |




Cl o)cycl oal kyl attached to the aliphatic chain. Incl uc?gd?%emeﬁz?%ae term
"Cl-C6 al kyl-(C3- G o)cycloalkyl" are the follow ng: 22 Decenber 2006 WO
03/091243 PCTI US03/ 10466 -5- and the like. As used herein the term
"N, N-C l1ad:kyl am ne” refers to a nitrogen atom ' d wth two
strai ghvgg?ﬂbl%lgnched, nmonoval ent, saturated aliphati %H?@gsﬁg}%f 1to6 5
carbon atons. Included within thg term"NN-Cl-C6 di al kyl am ne" are N CH3) 2,
N(CH2CH3) 2, N(CH2CH2CH3) 2, - N(CH2CH2CH2CH3) 2, and the like. As used herein
the term"Cd -C6 al kyl-N,NC -C6 dial kyl am ne" refers to straight or
branched, nonoval ent, saturated_aliphatic chain of | to 6 carbon atons

which ks an N, N-CI1-C6 dial kyllagine attadghed to the aliphatic chain.

I ncl ud%thi n theNterm"Cl-C6 1Q\al kyl-N,~~Ci -C6 di al kyl am ne" are the
- foll owi ng¥ 22 Decenber \2006 'WO 03/ (91243 PCT/ 10466 -6- N~ >IU-N | |

N~>-%Ni!l~~N~1 ~/~ X/ and the like. As used herein the term"Cl-C6
al kyl - pyrrohdi ne" refers to a straight or branched, nonoval ent, saturated
aliphatic chain of 1 to 6 carbpn atons which has a pyrrolidine 5 attached
to the-&liphatic ghain. Included wthin t#e scope of the term"CrCs al kyl -
pyrrolidiyg" are th i ke. As used herein the term
"Cl-C6 al ¥yl -pl peridin ranched, 10 nonoval ent,
saturated aliphatic ch hi ch has a pi peridine

 and the like.
As used herein the term “N,N-C;-Cs dialkylamine” refers to a nifrogen atom
substituted with two straight or branched, monovalent, saturated aliphatic chains of 1 to 6
5  carbon atoms. Included within the term “N,N-C;-Cs dialkylamine” are ~N(CHa)z, -
N(CH,CH3)2, -N(CH,CH;CHa),, -N(CH,CH,CH2CH3)s, and the like.
~ As used herein the term “C;-Cs alkyl-N,N-C;-Cs dialkylamine” refers to straight
or branched, monovalent, saturated aliphatic chain of 1 to 6 carbon atoms which has an
N.N-C;-Cs dialkylamine attached to the aliphatic chain. Included within the term “Cy-Cs
I 10  alkyl-N,N-C,-C; dialkylamine” are the following: '




attached to the aliphatic chain. Included within the %o%%cegwef%%oq erm

- "Cl-C6 al kyl - piperidine" are the followi ng: j~~~NN 22 Decenber 2006 WD
03/091243 PCT/ US03/ 10466 -1- and the like. As used herein the term"d -C6
al kyl - pne" refers to a straight or branched, t, saturated
al i phatn?}gl%c aliwl’gl of 1 to 6 carbon atons. which has a ﬁo@@ﬁdgﬁbﬁg attached to
the aliphatic chain. Included wghin the scope of the term"Cl-C6 al kyl 5
nor pholine” are the following: NJ N 0 Of J Co 0 and the |like. The
conpounds of the present invention contain a tetrazole ring, which is known
to exist as tautoneric structures. The tetrazol e, |having the doubl e bond on
t he ni tragep 10‘atog\\I at the%éépri tion ang~y he bMdrogen on the nitrogen
atom at "t 2- pos{tyon~i s'na asNa 2H tetrazole and is represented-by the
followi ng structure. N NH NN 1é The corresponding tautoneric form
wherein the hydrogen is at the nitrogen atomat the 1- position and the
doubl e bond on the nitr;}qen atom at the 4-position is [ﬁgmed as a 1H

tetrazole. The 1H-tetragzole is represented b e I j formula. N NH
azole. The $ enLe ,yjf‘h\)o\)nw/ng

by

N 3 Y N 1
o (\ [N NG o 2 A
2O § N 9 N e ,
K/ ' XN k/
and the hike.

As used herein the term “C;-Cs alkyl-pyrrolidine” refers to a straight or branched,
monovalent, saturated aliphatic chain of 1 to 6 catbon atoms which has a pyrrolidine
5 aftached to the aliphatic chain. Included within the scope of the term “C;-Cs alkyl-
pyrrolidine” are the following:

O DY
' KON v

)(\/\/ND , /W\NQ , /\/\/\/NQ ,

and the like.
As used herein the term “Cy-Cs alkyl-piperidine” refers to a _straight or branched,

10 mdnovalent, saturated aliphatic chain of 1 to 6 carbon atoms which has a piperidine
attached to the aliphatic chain. Included within the scope of the term “C;-Cs alkyl-
piperidine” are the following;

’ N ’
XW\;O i }(\/\/\/O ,

So~N




20 M xtures of the two tautomers are referred to herei® agomoer2000

1(2)Htetrazoles. The present invention contenplates both tautoneric forns
as well as the conbination of the two tautomers. The designation " - "
refers d that protrudes forward out of the p f the page.
------- W B P enbor 5006 VIO 0%/ 091243 PCTI DEE P’ L %0
designation” """1 1 1 1 "refers-f0 a bond that protrudes backward out of
the plane of the page. This invention includes the hydrates and the
pharmaceutically acceptable salts of the conpounds of fornmula I. A
conpoumikhetiké.hi s i nventi on can possess a sufficiently 5 basic functional

group which can.react wth.apy .of, a ey of 1norgan rgani c acids,
‘to forma Ph E@Iﬂtﬁ%gﬂlycﬁgé@&lﬂ?@%@%ﬁtﬁ?ﬁ% atsg?"ﬁﬁf' gﬁ%@%ﬁe@éuti cally
accephhbwildd|shiuratd alipiefic BRAEHN todation atomnsSetliétshas b nidasholindmpounds  of
formula | which are substantially non-toxic to Iiﬁ%ﬁg rgani sms. Typica

o8, g

phar raktastied todhs afiphaticeheinp neludgd wthintha seope qfifadery pared by reaction
of gt h&oﬁoﬁﬂ@ﬁ?&'ﬂg%lﬁfmﬂo&e present invention with a pharnaceutically
T

acceptabl e m neral or ganic acid. Such salts are also known as acid

addi tion salts. Acids commo gnployed to formacid addition salts are

i nor gani ¢ acfd ’gqch as. hy \gghlorie{herﬁm’ﬁwdrpbronic aci d, hydroiodic
acid, sulfuric ckn,'phd§bhbr'c acid, and hey |1 ke, and organi c aci ds such
-as p-tol uenesul fonic, nethanesulfonic acid, oxalic acid, p 15

br onophenyl sul foni ¢ acid, carbonic acid, succinic acid, citric acid,
benzoi c acid, aczpk acid, trifluoroacetic acid, and | i ke. Exanpl es of
such phar nmaceut i alﬁy accept abl salts are _the_ su fang)pyrosulfate,

bi sul f at ex~suMitle~ bi sMggﬁnam, Wﬁgenphos:phat e,

di hydr ogenphosphat e, net aphosphat e rophosphate, brom de, i odide,
acetate, trifluoroacetate, propionate, decanoate, caprylate, acrylate,

f or matgd the like.

The compounds of the present invention contain a tetrazole ring, which is known
to exist as tautomeric structures. The tetrazole, having the double bond on the nitrogen
010  atom at thell—position and the hydrogen on the nitrogen atom at the 2-position is named as
a 2H tetrazole and is represented by the following structure.

B
N
Ao

15  The corresponding tautomeric form wherein the hydrogen is at the nitrogen atom at the 1-
position and the double bond on the nitrogen atom at the 4-position is named as a 1H-
tetrazole. The 1H-tetrazole is represented by the following formula.

N—.—
A
N
ra
N
H
- 20
- Mixtures of the two tautomers are referred to herein as 1(2)H-tetrazoles. The present
invention contemplates both tautomeric forms as well as the combination of the two
tautomers.

The designation “ ==& “ refers to a bond that protrudes forward out of the plane
25  of the page. ' '




20 hydrochl ori de, dihydrochloride, isobutyrate, caproa%ze?e??g&eéﬁg%ﬁ e,

propi ol ate, oxal ate, nalonate, succinate, suberate, sebacate, fumarate,
mal eate, butyne-1|, 4-di oate, hexyne-|,6- dioate, benzoate, chlorobenzoate,
met hyl bﬁp%%h .3 Nydroxybenzoate, methoxybenzoate, p%{:&%&zﬁ“ﬁ

xyl enesulfonate, phenyl acetate, phenyl propionate, phenylbutyrate, citrate,
| act ate, a-hydroxybutyrate, glycelate, tartrate, nethanesulfonate,
propanesul fonat e, 25 napht hal ene-I -sul fonat e, napt ht hal ene- 2-sul f onat e,
mandel ate and the |like. Preferred pharmaceutically acceptable acid

addi ti on s@hd desighatidniYosenl ot refk teiabbndrihatgretrudasbatkwadoht ofdke hydr ochl oric
acid and hydrobrom c acid, and those forned with organic acids such as

mal ei ®1aRePEIB3E]I i ¢ acid, triofluoroacetic acid, and nethanesul fonic acid.
It should b !ﬁ%ﬁwﬂiﬁaﬁde%fﬂfethyaﬂt%s@.@dﬂlehdrmhcesﬁamyaedepuablfaeﬂmomg a part of
any salt of 30 this invention is usually not of a crifical nature, so |ong
as t hdheseompounsls of fomonis Ii & copmavndeef risiveHionFampesesss aFIECIEHY as | ong as the
count gr.j. | L S Rmter HEREM ic VWO 03/ 091243
i UaF SRR @8t FERPh bardehef R it r GRS WAnict] U

under stdado fonata phacincadicslly svagptabld ®it. as a hydrate. As used herein, the
term"stergpi songr.” refers.to a wnd p. at ons bonded
by the san&g‘f)ﬁgﬂﬁsp%ﬂ?“ﬁ'ét%ﬁaﬂﬁ a"‘(fl‘ﬂ‘?tgbgggaﬁtt % %érgggligraflﬂhrg%sl Egrt%%fssog?ﬁrae uctures which
.5 ar e Bfpoinds 6f forailg eahick are ibstintin@enali-torio $6 Hviag organisns (ypalar e cal | ed

configurations. As used herein, the term"enantioper”".refers to two
stered’ih@@??é‘?"élcw?(ﬁ%epﬁgleéém ingludg OSBﬁéﬁwmﬁ%%&?&g%%“}ﬁ‘ ror images of one

angt Nelompdis bEKEbresdtt IdbntioB Witk a phafiRERichly Aceptbldiaiical &@m to which four
d:ﬂ?f erezrllltp gr%upsggrree atta%hed. AsP used her]gji( n, the term "diastereoners”

r ef er rgavioscidr Suttssaiieare algh kaowmpeaciladdiinBliSoners. I n addition, two 10
di ast ereon?\%iéd}.s@@;x%ﬁnl?%&%ﬁ eﬂo%ﬂ&;’i‘&a&&ﬂﬂn‘s%%iggfkﬁk ablid shcpBe Chiral

center are’r reifn-as “epiners’. The terns "racemate", "racemc
m xt urigidroohilotie @ik hidrobroohid dcixh hiydroiddic peifl grulfinde eridiphesphaicgbideddal parts of

enant i rs. ;The term "enantioeri G.enric y L In refers to
t he H@‘%@%Fs 4 oremif cigﬁﬁ’btg‘rﬁsl’btf’ﬁgl?%&g °nﬁegﬁ§‘%ﬁ %n?%%%gre %tEfca)’ he other. A
CQRBV e irgiéphemiiftEnie facid XqaFRak 4fll, succinic acid, citric acid, benzoic acid, acetic

acid, triffuoroacetic acid, and the like. Examples of such pharmaceutically acceptable

salts are the sulfate, pyrosulfate, bisulfate, sulfite, bisulfite, phosphate,
monochydrogenphosphate, dihydro genphosphate, metaphosphate, pyrophosphate, bromide,
iodide, acetate, trifluoroacetate, propionate, decanoate, caprylate, acrylate, formate,

20  hydrochloride, dibydrochloride, isobutyrate, caproate, heptanoate, propiolate, oxalate,

* malonate, succinate, suberate, sebacate, fiumarate, maleate, butyﬁe—l,tt-dioate, hexyne-1,6-
dioate, benzoate, chlorobenzoate, methylbenzoate, hydroxybenzoate, methoxybenzoate,
phthalats, xylenesulfonate, phenylacetate, phenylpropionate, phenylbutyrate, citrate,
lac;[ate, o-hydroxybutyrate, glycolate, tartrate, methanesulfonate, propanesulfonate,

25  naphthalene-1-sulfonate, napththalene-2-sulfonate, mandelate and the like. Preferred
pharmaceutically acceptable acid addition salts are those formed with mineral acids such
as hydrochloric acid and hydrobromic acid, and those formed with organic acids such as
maleic acid, oxalic acid, triofluoroacetic acid, and methanesulfonic acid.

Tt should be recognized that the particular counterion forming a part of any salt of
.30 this invention is usually not of a critical nature, so long as the salt as a whole is

pharmacologically acceptable and as long as the counterion does not contribute undesired




15 the enantioneric enrichnment achieved is the conceptzzo?ecgﬁngﬁf?%or?eri C

excess, or "ee", which is found using the follow ng equation: ee = E - E2 X
100 E + EZ 20 wherein Er is the anount of the first enantioner and E2 is
the amowplo;@fiadshe second enantiomer. Thus, if the iRibiRlsabgli © of the two
enantionmers is 50:50, such as is present in a racemc mxture, and an
enantiomeric enrichnment sufficiett to produce a final ratio of 50:30 is
achieved, the ee with respect to the first enantionmer is 25% However, if
the final 25 ratio is 90:10, the ee with respect to the first enantiomer is
80% Analities dfthgsatias ewhbleardt is 60Hei wmdpisiopé thabsich saltssaysrisigEéat er than 95% i s
nost %&%f@erred and an ee of greater than 99%is nost especially preferred.
Enant i ¥ c enrichnent is readil y determ ned by one of ordinary skill in

the art usjpgscdiherdai? tnchnidisemernefopios exyasd madetp efsheragicor hi gh

performance |iquid chromatagraphy w.th chiral .coLum, Chqgi.ce of the

appr opkmtbendsd ﬁlPerS&We@.BP‘éﬁﬁﬂlf ﬁ%’ﬂgémfe%ﬁ%‘ﬁ%ﬂﬂ:}eﬁlﬁﬂ gtﬁ'ﬁﬂ’éesq §* to effect

separ atd QR irircHaffeaBlRa Thi BFRL difensRitb stiustuit ble cWllddoRfifiliatioksiond edge of one of

ordinary skill 'in the art. In addition, the enantioners of conpounds of

f or mulvaed hegeim thedeme Sopntingnarefrrdo G70 Hprapipamers whesemaleculepdrear t 22 Decenber

2006 VO 0 SO 3/ | NG SitA PSR Ichfeiani ques wel | known

in thgogﬁupgﬁsﬁo%ﬁbqgggﬂngg&égggnf&%gg%{é%;rhg.%ér@aglg%es,_ ert e al ., "Enantiomers,

. Rac enahbsy atamdo Réasohl fodri difierént giopsareettashed s W@ehbereinfbe term 981, The conpounds
of the present jnyention have one,or r hiral -c nd may exist in
a vari Q{%ﬁe%‘?m?? etreé’BsI 10 SHESISeEB IR TSRt s nasllf{i(’lﬂ{gl%ahcae(;drqis@é%gg’ce of these
chigr al difatefcdfiehict & e 6 ARPeHD Sfigliratitieat phiyDaa thital vemdriaeneforedio as
racemates, mixtures_of enantionmers and as ipdiyidual E‘Eﬁ‘%ii qmrers, as wel |

as di e BoMIMSISan BRI ESIEF . HPARE 8HBiTe P TA%RC B enat es,
enant i ORELS, -gﬁﬁg@@%l%gﬁggﬁgﬁa@ﬁﬁmw thin the scope of the present
The ter "R' and

i nvent1 on. "S" are used herein as commpnly used in
organi ¢ ch&he termyenaptiomeric enrichment" as used herein refers to the increase m the

amount of one enantiomer as compared to the other. A. convenient method of expressing
n n

15 the enantiomeric enrichment achieved is the concept of enantiomeric excess, or "ee",

which is found using the following equation:

ee = M X 100
B+
20
~ wherein E! is the amount of the first enantiomer and E? is the amount of the second
enantiomer. Thus, if the initial ratio of the two enantiomers is 50:50, such as is present in
a racemic mixfure, and an enantiomeric enrichment sufficient to produce a final ratio of
50:30 is achieved, the ee with respect to the first enantiomer is 25.%. However, if the final
25  ratio is 90:10, the ee with respect to the first enantiomer is 80%. An ee of greater than
90% is preferred, an ee of greater than 95% is most preferred and an ee of greater than
99% is most especially preferred. Enantiomeric enrichment is readily determined by one
of ordinary skill in the art using standard techniques and procedures, such as gas or high
performance liquid chromatography with a chiral column. Choice of the appropriate
30  chiral column, eluent and conditions necessary to effect separation of the enantiomeric
| pair is well within the knowledge of one of ordinary skill in the art. In addition, the

enantiomers of compounds of formula I can be resolved by one of ordinary skill in the art




10 denote specific configuration of a chiral center. 'I%?ep?cgmjﬂe"g?%(rect us)
refers to that configuration of a chiral center with a cl ockw se

rel ationship of group priorities (highest to second | owest) when viewed

al ong t\pg opeyishst oward the |owest priority group. Thepc*lﬁgdgh"ég (sinister)
refers to that configuration of a chiral center with a countercl ockw se
rel ati onship of group prioritiegg(highest to second | owest) when vi ewed

al ong the bond 15 toward the | owest priority group. The priority of groups
i s based upon their atomc nunber (in order of decreasing atom c nunber).
A par hidigd stdrdedd tedhnRubdwéll kidSnamthe art, sils asthedeaescpibedstiyek oglesststry is
contai ned in "Nonencl ature_of Or_gaQiJc oungg: %i {b%i#'pl es and Practice",
(J. H. als"EnanfigmerseRacgmates, aad Resoligons, John WViley and gensy Bg, 1%fle specifi ¢

stereol sorvﬁ[escoa@g?ﬂg%meg@g@ irfEntfoR HRPd Gt or Aord Girldedtefslahd @ be 20
prepared by one of ordinary skill in the art utilizing well known

t echnixjstds a saricty e isteesomeric senfigurationsh dse cgnspanepseef tepe eiifal| and Wl en,
"Stereochem str ' R . { LBV SONS, Inc., 1994,
Chépt 8‘?n?efs,’t ecﬁgﬁ’gﬁ'iﬁdggfg’%%ﬁéee% eoﬁg%b%g’r%csqra gaggt?ﬂ%on. R§2em zation, and by
Col | etnantictndé bethes ihdnidnilicnmeiomers Raceetiss distemonieResdintirenef” |  John Wley &

- Sons, Jnc., 198 Fqor exanpl e, the spe '.fc'c st er eoj RIRES d enantioners
25 caﬁlaﬁgeﬂpﬁrﬁ'a%@ﬁ“&;agmn%o?ﬁ%t@ﬁeﬁc B%@?'}?‘ﬁeég%%erﬁ%rﬁ r‘%t enaniiomerical Iy and
-geonehf ihe plekont itReithn. OF enantiomerically or geonetrically enriched starting

materials. In adqj t"i on, t he specific stereoisonmers.and enanti oners can be
resol ved ahe tpaesoRe Pad"Byare wedhereinag corgmenly 4 d%?f@?f&?%ﬁ}f‘%&’on chiral

shgti d GithIGS b 1R Rerf! "R (R6fub)@BRYs to theCT yst al | i zati on of
aéigi tg@%&%sgp@gég%}ﬁﬁggﬁﬁﬁ eagelﬁctag used for tfgat p)ur_pqse. .30 The conpounds

~of f oconfigaration afe thirapeeatsawish a blpckwisswelatioeskingf eropoEaaiss fagheshdi | v

avai l able t.Q on f Qrdi - SKhl] ] : cimhkcal |y, conpounds
of Fo WF%PdI owe: n‘%?)eél Vé?%%e%%g&égﬁébglﬁ%%gfafe ) © g’(ﬁeSt%{:ﬁ%I %‘,‘%@b?‘ %ol | owi ng t he

© synt hedrinC'SY Gitligter) seférs foothitionfigutation of a chiral center with a2o0viBadeskivdse 2006 WO

03/091243 PCTI US03/ 10466 -11- Sche bel aw., However f ol | owi ng
di scuddptionshin ofgpup Pﬁ‘&’ﬁ’&%ﬁ“é’ﬁﬂ %Sef’ﬁr’Tr’r%lPWF Wlbentvﬁeémﬁ%gégl%gp l?cklhe present
T R¥entdLRd h8 16kt MRdtity Hotp. eRRMRbAty If BRupPR Gededapsyhtingbmi st eps for

number (in order of decreasing atomic number). A partial list of priorities and a

discussion of stereochemistry is contained in "Nomenclature of Organic Compounds:
Principles and Praciice", (J.H. Fletcher, et al., eds., 1974) at pages 103-120.
The specific stereoisomers and enantiomers of compounds of formula (J) can be
. 20 prepared by one of ordinary skill in the art utilizing well known techniques and processes,
 such as those disclosed by Eliel and Wilen, “Stereochemistry of Organic Compounds”,
John Wiley & Sons, Inc., 1994, Chapter 7, Separation of Stereoisomers. Resolution.
Racemization, and by Collet and Wilen, “Enantiomers, Racemates, and Resolutions”,
John Wiley & Sons, Inc., 1981. For example, the specific stereoisomers and enantiomers
25  canbe prepared by stereospecific syntheses using enantiomerically and geometrically
-puze, or enantiomerically or geometrically enriched starting materials. In addition, the
-specific stereoisomers and enantiomers can be resolved and recovered by techniques such
as chromatography on chiral stationary phases, enzymatic resolution or fractional
recrystallization of addition salts formed by reagents used for that purpose.
130 The compounds of formula I can be prepared by techniques and procedures readily

" available to one of ordinary skill in the art. More specifically, compounds of Formula I
an be chemically prepared, for example, by following the synthetic routes set forth in the )




the route described herein may be combined in differerf? REFTPEH2Mepare t he
conpounds of Fornmula | . All substituents, unless otherw se indicated,
areas previously defined. 5 The reagents and starti ng materials are readily

avail a e of ordinary skill in the art. For ertain
8 ob/Mo123 Pt fl04 6§

starting materials can be prepared by one of ordi nary In the art
foll ow ng procedures disclosed iim-United States Patents Nos. 5, 356, 902
(i ssued Cctober 18, 1994) and 5, 446,051 (issued August 29, 1995) and
5,670,516 (issued Septenber 23, 1997) the entire contents, all of which,
ar e hgéieine beloso rHuwete mehMld“eﬁmmssaon ©nbantetdedriiebelniing to ’@ag ents and

starti W rocedur es
whi ch® ;&E‘:é ?é}e?éngmffvr%lgﬁh??mﬁﬁl' d I’%% %gge %?Mf)i?g’gﬁ?g@g ﬁéﬂgt erocyclic
chemi ﬁxemute deseribriddherein WAY ko, fsW%‘ t9 prepags, (he FYBRAUNES Kk nown

St I UChEfcnuls IS msaﬁsuu@ﬁ@p@lwa@l@mew ihdieatdd; %Qdﬁeﬁﬁuﬂﬁaﬂmﬂ)ed in t he

037 ogigﬁ?aéfg%}%gégﬂ%l%aéen% %@*@CM aﬁ’%s“’ ° *zwﬂ{ﬂ? %ﬁ%ﬁh Corrpound A 10
N H HFét éxathple, cert@iR staringHnatétialbean be prepared by one of ordinary sk111 in the art

following procedures disclosed in United States Patents Nos. 5,356,902 (issued October

18, 1994) and 5,446,051 (issued August 29, 1995) and 5,670,516 (issued September 23,

1997) the entire contents, all of which, are herein incorporated by reference. Other '
10  necessary reagents and starting materials for the below procedures may be made by

‘procedures which are selected from standard techniques of organic and heterocyclic

chemistry, techniques which are analogous to the syntheses of known structurally similar

compounds, and the procedures described in the Examples, including any novel

. procedures.
15




Formula | In Scheme I, conmpound A is esterified to pro%%la%cemgr%%%eoester of
formula | under standard conditions well known in the art. For exanple,
conmpound A is dissolved in a 20 suitable organic solvent and treated with

a suit afjpaseskss such as hydrochloric acid. Exanpl es mirnsdsbiicakd € organic

sol vents include, nethyl alcohol, ethyl alcohol, propyl alcohol, isopropyl
al cohol, n-butyl al cohol, isobutiZ al cohol, t-butyl alcohol, pentyl
al cohol, isopentyl al cohol; hexyl alcohol, 3-nethylpentyl alcohol,

2- et hyl butyl al cohol, n- heptyl alcohol, n-octyl alcohol, decyl alcohol and
the |ike. The reaction is heatefch®#medbout 25 40C to about 60C for about 4
hours to about 16 hours. The product is then isolated and purified using
techni ques wel | knowy.-i} one of ordinary skill in the art, such as

extraction techniqugs @nd chripmat Hor aghy.li For exanpl e, the above reaction
is cooled, diluted N\Ll}% reAbreorgad)

Ganj€ %Ivent, such as ethyl acetate,
washed wi th saturat ed$odi um bi bri

e, deed over 30 anhydrous
magnesi um sul fate, filtered and > M ed under vacuumto provide the
conmpound of formula I. This material ybe further purified by flash
chromat ography on silica gel with d{suitable el uent such as et hyl
acet at e/ hexane. 22 Decenber 2Q@fnpoMd 83/ 091243 PCT/[JS03/ 10466 - 13-

Al ternatively, conpound A is dissolved in a suitable organic solvent and
treated wth an excess of thionyl chloride. Exanples of suitable organic
sol vents are anhydrous nethyl alcehol, ethyl alcohol, propyl alcohol,

i sopropyl al cohol, butyl al cohol, {sobutyl alcohol, t-butyl alcohol,
pamt yl al cohol, isopentyl alcohol, !hexyl alcohol, 3-nethylpentyl 5 al cohol,
2- et hyl butyl al cohol nﬁheptyl al cbhol, n-qctyl alcohol, decyl alcohol and
the Iike. The solut%ﬁﬁ is_sti?{edgft pﬁfl?x for about I to 3 hours, and at
room tenperature foryab .,.}0_1oyhe~ =The m xture is then concentrated
under vacuum and the Nesidle i T fi e i nORa manner anal ogous to the
procedures described aBove to p S pr odrug nonoester of fornula I

Sof formula | are readily prepared

by ‘one of H
15 .
Formula I

In Scheme I, compound A is esterified to provide the monoester of formula I under
standard conditions well known in the art. For example, compound A is dissolved in a
20 suitable organic solvent and treated with a suitable acid, such as hydrochloric acid.
Examples of snitable organic solvents include, methyl alcohol, ethyl alcohol, propyl
alcohol, isopropyl alcohol, n-butyl alcohol, isobutyl alcohol, t-butyl alcohol, pentyl
alcohol, isopentyl alcohol; hexy! alcobol, 3-methylpentyl alcohol, 2-ethylbutyl alcohol, n-
_ ' hebtyl alcohol, n-octyl alcohol, decyl alcohol and the like. The réaction is heated at about
| 25  40°C to about 60°C for about 4 hours to about 16 hours. The product is then isolated and
purified using techniques well known to one of ordinary skill in the art, such as extraction
techniques and chromatography.
For example, the above reaction is cooled, diluted with a suitable organic solvent,
such as ethyl acetate, washed with saturated sodiu‘m bicarbonate, brine, dﬁed over
30 anhydrous magnesiuﬁl sulfate, filtered and concentrated under vacuum to provide the
compound of formula I. This material niay be further purified by flash chromatography
on silica gel with a suitable eluent such as ethy_l acetate/hexane. '




ordinary skill in the art using standard techniques arff BFEERELFEE For
exanpl e, the above product is suspended in diethyl ether, which has been
saturated with HC gas. The mxture is stirred for about 1 to 3 hours. The

pr eci pl&atﬂg,mdl 43t hen filtered and washed with di et hyl F@@?&m&%er vacuumto

provi de the pharmaceutically acceptable salt of the p nonoest er
of formula |I. The foll ow ng exanpglLes represent typical syntheses of the
conmpounds of formula | as described generally above. These exanpl es are
illustrative only and are not intended to limt the invention in any way.
The r eageffignaRel Sé@ﬁﬁouﬁtgAri@dl@dolveammaawlea@mmy salvait kabteatetto  one of
ordinary skill |nthe art. d herein, the follow n é}ﬁrms have t he
neani apgrqeazipicthiony] chiogde. ]@?‘famp QF gritable greapic sel e%ﬂ?@‘% "g" refers

to gr Y taohdll igdtatyl " ML" refers to
1a19&11,ob eﬂ{ﬁ@e?ﬂgp lpoc{i;g Alec%@igspmpﬁ alobﬁctle&ﬁyl iedtty

milli croliters: " refers to nol es; rrrml"
refer alcbbolm‘dultyl atzbbd; penprl;albOhObﬂ@p@ltﬂ@lOprJnhﬁY%@h% gameiinse®l  "nint refers

to_m b : Skigs, " TLC
rePer ﬁoﬁi’%ﬁ ?ﬁlb}‘ {/%?O%Si\g %ﬁ%ogoﬁn OE&I—@E%Q e?ﬂé&?g i gh perfor mnce
| i qui d'he bsaiont ie gtirtdty refidb o) Sbﬁﬂfl&c%hbm,madatrpan temperdtan fafebeptf i el d from
tetramethylsilane;, "THE" refers tetrah ur.an y fers to
NN- di 962 A é*“f e is hspgence téal%flgldrvaMﬁﬂhgﬁ?sfduewgﬂéﬁﬁﬁ&ﬁ'_ refers to
-aqueO‘é%mﬁ@a@ﬁngﬂs% 6 procainRéstisberidedibabeto providdihe prodafzetaotster i sopr opyl
acetate; "MeOH' refers to nethanol; "MVE" refers to tert-butyl methyl

et her Offmla-'IRT refers to roomterrperature 30 Exarrpl e 1 22 Decenber 2006
' 03/ 091‘%&@? g@@c% Q:% hld-&ilts of formula I are readil repared by one of
etrazo ypg1 @Iﬁa ec oI T

2 (1H | - decahydr o-i soqui nol 1 ne- 3-car boxylic acid
2 et hyordihary siill irethe ert usihg Ganderd tachaidues ad procedures. For example, the above

. product is suspended in diethyl ether, which has been saturated with HCI gas. The
mixture is stirred for about 1 to 3 hours. ‘The precipitate is then filtered and washed with
diethyl ether under vacuum to provide the pharmaceutically acceptable salt of the prodrug

15  monoester of formula L
The following examples represent typical syntheses of the compounds of formula I
as described generally above. These examples are illustrative only and are not intended to
limit the invention in any way. The reagents and starting materials are readily available to-
one of ordinary skill in the art. As used herein, the following terms have the meanings
20  indicated: "eq" or "equiv." refers to equivalents; "g" refers to grams; "mg" refers to
| milligrams; "L" refers to liters; "mL" refers to milliliters; "uL" refers to microliters; "mol"
refers to moles; "mmol" refers to millimoles; "psi" refers to pounds per square inch;
"min" refers to minutes; "h" refers to hours; "oC" refers to degrees Celsius; "TLC" refers
to thin layer chromatography; "HPLC" refers to high performance liquid chromatography;
7.2 5 "§"refers to part per million down-field from tetramethylsilane; "THF" refers to '
tetrahydrofuran; "DMF" refers to N,N-dimethylformamide; "DMSQO" refers to methyl
- sulfoxide; "aq" refers to aqueous; "EtOAc" refers to ethyl acetate; "iPrOAc" refers to
isopropyl acetate; "MeQOH" refers to methanol; "MTBE" refers to tert-butyl methyl ether,
_ and "RT" refers to room temperature.
30 -
- Example 1




H To a solution of 2.5 g (8.4 nmml) of - 22 December 2006

6-[2- (1H Tetrazol -5-yl)-ethyl]-decahydro- isoquinoline-3-carboxylic acid
nonohydrate (prepared as described in J. Med. Chem, 39 (11), pp.

2232 2 or U S Patent No. 5,670,516 (issu er 23, 1997))
in g‘génflggll?‘gz et hyI - butanol, 6.8 m (92.8 nnnol ?gld/ﬁglph?%gyl chl ori de
i's added. The solution is sti rrle,d at 120C for 3 hr. The m xture is
concentrated in vacuo and the resi due washed w th ethyl ether. The residue
is purified by SPE (Qasis HLB) to afford the title conpound. El ectrospray

Mass . 11 rad¥t-3 51)304]-debShyEoaEaIue oBine-3-carboxvlic acid 2-ethyl-butyl

6-f2- etrazol-5-vl)-ethvl|-decahydro-i sogui noline-3-carboxylic acid
i sobuesi®r ester -NHOMNN- O C,,~N H 20 Prepared according to the
procedures essentially as described in Exanple 1, above, using 20 nlL of
2-met hyl -1 -propanol to afford of the title conmpound. Electrospray Mss
Spectrum M+l 336. 22 Decenber 2006 WO 03/091243 PCT/ US03/ 10466 - 15-
Exanple 3 6

| 2- (2H Tetrazol - 5#%}\)‘1 ethyl | -de

3- et hyl - but | @&WN 0

hvdr o-R soaui nol i ne- 3- carboxyl i ¢ acid

To a solution of 2.5 g (8.4 mmol) of 6-[2-(1H-Tetrazol-5-yl)-ethyl]-decahydro-
' isoquinoline—S-darboxy]ic acid monohydrate (prepared as described in . Med. Chem., 39
(11), pp. 2232-2244, (1996) or U.S. Patent No. 5,670,516 (issued September 23, 1997)) in
10 20 ml of 2-ethyl-1-butanol, 6.8 ml (92.8 mmol) of thionyl chloride is added. The solution
is stirred at 120°C for 3 hr. The mixture is concentrated in vacuo and the residue washed
* with ethyl ether. The residue is purified by SPE (Oasis HLB) to afford the title
compound.
Electrospray Mass Spectrum: M+1 = 364.
15

Example2
-decahydro-isoquinoline-3-carbox Jic acid isobutyl ester

N/}“ ~N - 0
\Né\\/"’--. 0/\‘/
o
H

20 Prepared according to the procedures essentially as described in Example 1,
above, using 20 mL of 2-methyl-1-propanol to afford of the title compound.
‘Electrospray Mass Spectrum: M+1 =336,




H Prepared according to the procedures essentially as*de&ETHEES Exanpl e
1,. 1 o above, using using 20 nL of 3-nethyl-Il-butanol to afford of the :
title conpound. El ectrospray Mass Spectrum M1 350. Exanple 4 6

[ 2- ( 1H-yelsmreds- 5- Y1) - et hyl | - decahydr o-i soqui nol i ne- JGardHiMés ¢ aci d decyl
ester 15 <ice,,, HA solution of 2.5 g (8.4 muol) of

6-[2- (1H Tetrazol -5-yl )-ethyl]-edeahydro- isoquinoline-3-carboxylic acid
nmonohydrate in 50 nl decyl alcohol saturated with 20 hydrogen chloride (g)
is heated at 120C overnight. The m xture is concentrated in vacuo and the
resi due purlfled by SPE (Casi s BxmBple3o afford the title conpound,

—lscé)1 A ohn@g%%l X

6-[ 2- &&y-Tetrazol 5-yl)- ethyll-decahydro i soqui nol i ne- 3-carboxylic acid

ethyl ester NNO NONHO-\ H A solution of 6.0 g (21.5 mol) of

" 6-[2-(1H Tetrazol -5-yl)-ethyl]-decahydro- 5 isoquinoline-3-carboxylic acid
ohydrate in 70 nL of ethanol saturated with hydrogen chloride (g) is

heated at reflux overnight. The m xture is concentrated in vacuo,

suspended in dlethyINéqmer and again coqgentrated in vacuo. The residue is

suspended in dletMyI g her and heﬁted atfireflux for 3 hr. The solid is

filtered and rinsed Mq th : fford 7.4 g (100% of the title

.conpound. 10 El ectrospray Mass = 308. Particular Aspects of

t he conpounds of Forrmula I:

Prepared according to the procedures essentially as described in Example 1,
10  above, using using 20 ml, of 3-methyl-1-butanol to afford of the title compound.
Electrospray Mass Spectrum: M+1 = 350.

Example 4
6-12-(1H-Tetrazol-5-yl)-ethyl]-decahydro-isoquinoline-3-carboxylic acid decyl ester

15

A solution of 2.5 g (8.4 mmol) of 6-[2-(1H-Tetrazol-5-yl)-ethyl}-decahydro-
isoquinoline-3-carboxylic acid monohydrate in 50 ml decyl alcohol saturated with
20  hydrogen chloride (g) is heated at 120°C overnight. The mixture is concent;rated in vacuo
and the residue purified by SPE (Oasis HLBY) to afford the title compound.
 Electrospray Mass Spectrum: M+1 = 420.

Example 5




The following list sets out several groupings of part il ™W§HE%% uents of
the conmpounds of Formula I. It will be understood that the conpounds of
Formula | having 15 such particular substituents represent particul ar
aspect present invention. It will be further d that each
of heg‘geg%@)ﬂugﬁ‘sngs may be conbi ned with other provi deggﬂg({r@%?ngs, to
create still additional particulijgt aspects of the present invention. Thus,
a particular aspect of the novel conpounds of Fornmula | is one wherein: (a)
R represents Cl1-Cl10 al kyl, C2-C6 al kenyl, C1-C6 al kyl -aryl, C1-C6 :

al kyl g H-3etihp | degdhydfolisdduindlike s-cdbdkylid 2618 ethividstec y| am ne, C1- C6

al kyl - pyrrolidine, Cl-C6 al kyl-piperidine, Cl1-C6 al kyl-norpholine; (b) R
represents Cl-d o aI kyl or C2-C6 alkenyl; (c) Rrepresents d-C o al kyl or
Cl-C6 al kyl -aryl; ,_ﬁ represents C-d ooal kyl or Cl1-C6

al kyl - (C3-d o)cycl 25 (e) R[{represnts Crdo alkyl or C1-C6

al kyl -N, N- C1- C6 di W{» 1 , n ms. O -Cl0 al kyl or C1-Cé6

al kyl - pyrrolidine; R reprels g CI-CIo IkyI or Cl1-C6 al kyl - pi peri di ne;
(h) Rrepresents C-Clo al kyl & 1- Co pal kyl -norpholine; (i) R represents
Cl1-C10 al kyl; 22 Decenmber 2006 YWA037091243 PCT/US03/10466 17 (j) R
represents 2-ethyl butyl, isobutyIH3 nmet hyl butyl, decyl, or ethyl; or

(k) R represents et P in vivo
K0 R renr osiln iU ¢ a1 SO0k S TR bl i

- bi Qav@dohﬁbd;lhietsycaﬁfoxﬂiwadimmeﬁﬁy&u’atepnGdmnlgsf atfanbhetypated with hydmgnt i on over the
monoac

(3S, 45 076 é%?R)S Reated i1 fellyxy qVaRighy | Thesmityrs, iy fongonyraied jn jygcd,g 7 g ga.

" decah)!ﬁ!;i)@ﬁcﬁ@%’ﬂl@& ﬂdﬂ%%ﬁ%@ﬂﬁ%ﬁd&aﬁm@éﬁ' ifl vad2R! QBB reshive dyvskpeptiedihty i s

determ ned usin fool | owi ng equation: . 10
diethyl ether any heated at reflux for93 hlg The solid is filtered and rinsed with diethyl

ether to afford 7.4 g (100%) of the title compound.
10  Electrospray Mass Spectrum: M+1 =308.

Particular Aspects of the compounds of Formula I

The following list sets out several groupings of particular substituents of the
compounds of Formula I It will be understood that the compounds of Formula I having
15  such'particular substituents represent particular aspects of the present invention. It will be
further understood that each of these groupings may be combined with other provided
- -groupings, to create still additional particular aspects of the present invention.
Thus, a particular aspect of the novgfl compounds of Formula I is one wherein:
@ R represents C;-Cyo alkyl; Cp-Cs alkenyl, C;-C alkyl-aryl, C1-Ce alkyl-(Cs-
20 ' Ciojeycloalkyl, C;-Cy alkyl-N,N-C,-Cs dialkylamine, C;-Cs altkyl-
' pyrrolidine, C1-Cs alkyl-piperidine, C;-Cs alkyl-morpholine;
() R represents C;-Cyg alkyl or Co-Cs alkenyl;
(c) R represents C1-Cio alkyl or C;-Cs alkyl-aryl;
(@) R represents C1-Cyo alkyl or C(-Cy alkyl-(Cs-Cio)cycloalkyl;
25 (e R represents Ci-Cig alkyl or C;-Cy alkyl-N,N-C;-Cs dialkylamine;
® R represents Ci-Cyo alkyl or Ci-Cg alkyl-pyrrolidine;
® R represents C-Cyo atkyl or C;-Cs alkyl-piperidine;
h) R represents C1-Cio aikyl or C1-Cs a]kylfmorpholine;
O R represents C;-Cyo alkyl;




AUC u.0. x dose i.v. x 100 = %Bioavailability AUC i .4 P¥EIReH2A wherein

AUC represents the area under the curve, p.o. represents oral dose, and
.V. 15 represents intravenous dose. Bioavailability in Dogs: Beagle dogs

(2 mal mal e) are adm nistered an oral dose, r an iv dose
of (35%6&9’8’:& ‘@aR) 6-[2-(1(2) H-tetrazol e-5-yl ) et hyl - IE'E/H’%J:*’QB‘% 5,6,7,8, 8a 2

0 decahydroi soqui nol i ne-3-carboxylic acid (10 ng/Kg p.o; Ing/Kg i.v. ) to

determ ne oral bioavailability. Subsequently, the same three dogs are

.adm ni stered an oral 10 ng/ kg dose of an ester prodrug (for exanple

(3S, 4aR 6 8aRR &gl':e%ex{tslﬁ-ambtmﬁ,rlmm 35mythyleutyy,|decyl, or ethyl; or

1,2,3,4,4a,5,6,7 8a- decahydroi soqui nol i ne- 3- carboxylic acid ethyl ester,

HCL salt)@$o detarssemeetfet her t he prodrug woul d increase bloavallablllty

of the parent acid. The 25 plasnma concentrations of

(3S,4aR, 6R 8aR)-6-[2-(1(2)H tetrazol e-5-yl) et hyl

1 2, 3£hﬂnmﬁﬂ#ﬁﬁiﬁﬁﬁﬂﬁ-decahydr0|squ|nollne 3- carboxyllc acid are

GQQR”E%%W% h@?@"é‘}? Qﬁq‘ijﬁg‘“%% H‘%@Tlﬂfﬁ% VIR 6, 7, 8, 8a-
decahy;dbmmﬁimmmlf ﬂmencﬁloeaerlpm@ﬁgswf the iptesuitiEivestaintgver the mpmld\béod indilute
ot hanotsAGE B Yl Pl DA S Ry R ) And T A0%

(3S, 4@%&?618@111&115&3(0%8&%@?& azol e-5-yl)ethyl 22 Decenber 2006 X-15558
PCT -18- 1 8a- decah dro squ|noI|ne 3-carboxylic acid
et hyl estB‘?meﬂF-bEa‘é'i&Pbﬂ“iYéS aﬂ?‘@é@ﬂ\?&‘&g RS PAUYY ol adni nistration (30

m ). Dogs wei ghed between 12 to 15 kg. 5 Results: The oral

glggavai | abi-lity 03§ Vﬁg,"%aﬁ)a—]ﬁm{vgﬂe(b;ﬁ@) H tetrazol e-5-yl) et hyl -
i%%810/50

1,2, 3,4, 4a,5, 6, roi soqui nol i ne:3-carboxylic acid was
deternlned to be

wherein AUC represents the area under the curve, p.o. represents oral dose, and i.v.

15 represents intravenous dose.

- Bioavailability in Dogs:

Beagle dogs (2 male and 1 female) are administered an oral dose, and later an iv
- dose of (35,4aR,6R,8aR)-6-[2-(1(2)H-tetrazole-5-yl)ethyl-1,2,3,4,42,5,6,7,8,8a~
20  decahydroisoquinoline-3-carboxylic acid (10 mg/Kg p.o; 1mg/Kg i.v.) to determine oral
bioavailability. Subsequently, the same three dogs are administered an oral 10 mg/kg
dose of an ester prodrug (for example (35,4aR,6R,8aR)-6-[2-(1(2)H-tetrazole-5-yl)ethyl-
1,2,3,4,4a,5,6,7,8,8a-decahydroisoquinoline-3-carboxylic acid ethyl ester, HCL salt) to
| determine whether the prodrug would increase bioavailability of the parent acid. The
25 - plasma concentrations of (35,4aR,6R,8aR)-6-[2-(1(2)H-tetrazole-5-yl)ethyl-
1,2,3,4,4a,5,6,7,8,8a-decahydroisoquinoline-3-carboxylic acid are determined by
LC/MS/MS. '

Study Methods:

30 Live Phase: (35,4aR,6R,8aR)-6-[2-(1(2)H-tetrazole-5-yl)ethyl-1,2,3,4,4a,5,6,7,8,8a-
decahydroisoquinoline-3-carboxylic acid (HICI salf) is dissolved in dilute sodium
hydroxide for oral administration (30 mg/ml) and in 10% ethanol/water for iv

- administration (10 mg/ml).- (35,4aR,6R,8aR)-6-[2-(1 (2)H-tetrazole-5-yl)ethyl-




in dogs. When 22 December 2006

3S, 4aR, 6RX8pRpRFd12- (1(2) H-tetrazol e-5-yl)ethyl -1, 2, 3,4, 44,5, 6,7, 8, 8a-
decahydr oi soqui nol i ne-3-carboxylic acid ethyl ester(HCL salt) was

adm ni stered, 10 bioavailability increased to 33.1% The use of the prodrug
form 3S, 4aR, 6R, 8aR) -6-[ 2- _18-
(1(2)Htetrazole-5-yl)ethyl-1,2,3,4,4a,5,6,7, 8, 8a-decahydr oi soqui nol i ne-3-c
arboxylic acid ethyl ester (HCL salt), provided approxinately a 2 fold

i ncrease i \ i [kl ha- G, I e

sumar i zeg’ai%fég?% ,g?ﬂ§%0£%%¥ﬁgﬁ%%¢1g%%e§ é@%’ﬁﬂ’g a?’ g re-ﬁl%g e%c%rﬁ’%lc?}néfgwi and B

f ol | owi ngditsalygddig vedierifon stk abioistration/(30 nog/ml)0 Dapskepighidibeivedendlitods (p. o0.)
to Beagl e, Dogs. Table 1. Pharmacoki netic Paranmeters of Conpound A in Beagle
Dogs afte“g'a | g/ kg dose of Conpound A (i.v.) and a 10 ng/ kg dose of
Compound A or the ethyl ester 20 Prodrug, Conpound B (p.o.). Conpound Tmax
Cmax AUC % | nprovenent (hr) (ng/mL) (ng hr/nL) Bioavail A (acid), i.v. -
2,820 4, 2Besults: 1 ng/kg) A (acid), p.o. 4 1,227 7,577 18.0 1 (10mg) | -I

B (ester),p.o. :  aler 4 | oaval l-abj L in Rats
Mal e Fi scher Rg %&rgf%g%%%m%?g{ %?e#’%%}é%&%@@rsgl)mg? {e?r?}z 03(5'3 gﬁ)‘#hﬁy

(3S, 4aR, 6R28aR}a,56,7258a-decahydroisoquinoline-3-carboxylic acid was determined to be 18%

5708r boxy e A hen B3 AG R 5 B LY P B THEUHT b 5O SR separ at 6
? ][ gtere;n; %%ﬁ%%q%??ﬁ%ﬁ%&ﬁ@@cﬁ%ﬁ{yl e MBEK IR & Rfmififdeebsf 7 Prodrug
[ 2- ( 4@2) Hhipatalabidifycingregdeyl o B4 , Phedyss of theqrédrig Syr8ud Séauhy.8aR)-662tui nol i ne-
3-car bOXyéli(ﬁfﬁé:tr%oﬁgg%?)%th%ﬁ?gj,3521a{?,%?ﬁ,S,Eggeéa}i%roisoquinolineé -carboxylic acid
ethyl ester (HCL salt), provided approximately a 2 fold increase in bioavailability over the
parent acid.
Tables 1 below summarizes the pharmacokinetic parameters found for
15  Compounds A and B following 1 mg/kg administration (i.v.) or 10 mg/kg administration

(p.o.) to Beagle Dogs.

Table 1. Pharmacokinetic Parameters of Compound A in Beagle Dogs after a Img/kg
dose of Compound A (i.v.) and a 10 mg/kg dose of Compound A or the ethyl ester
20 - Prodrug, Compound B (p.o.).

Compound Trmax Crax AUC % Improvement
(hr) | (ng/mL) | (nghr/mL) [ Bioavail
A (acid), i.v. - 2,820 4,220 - -
(1 mg/ke)
A (acid}, p.o. 4 1,227 1,577 18.0 1
(10 mg/kg)
B (ester),p.o. 4 1,662 13,953 33.1 ~2X
(10 mg/kg)

Bioavailability in Rats
Male Fischer Rats are administered either an oral or iv dose of (35,4aR,6R,8aR)-6-

25 [2-(1(2)H-tetrazole-5-yl)ethyl-1,2,3,4,4a,5,6,7,8,8a-decahydroisoquinoline-3-carboxylic
acid (10mg/Kg) to determine oral bioavailability. A separate group of rats are
administered an oral 10 mg/kg dose of an ester prodrug (for example (35,4aR,6R,8aR)-6-
[2-(1(2)H-tetrazole-5-yl)ethyl-1,2,3 ,_4,4a,S,6,7,8,8a-decahydr0isoquinpline—3-carboxyl_ic




acid ethyl ester, HCL salt) to determ ne whether the &%‘8?%?5‘%66?%6 i ncrease
bi oavai | alii-1335g pofr t he parent acid. The plasma concentrations of

(3S, 4aR, 6R, 8aR) - 6-[ 2-

(1(2)Htetrazole-5-yl)ethyl -1, 2, 3,4,4a,5, 6, 7,8, 8a-decahydr oi soqui nol i ne-3-c¢c
arboxylic acid are determined by LMY M5. 5 Results: The oral

bi coavail ability for 3S, 4aR 6R 8aR)-6-[2-(1(2)H tetrazol e-5-yl)ethyl-
1,2,3,4,4a,5,6,7, 8, 8a- decahydroisoquinoline- 3-carboxylic acid was

det erm ne
3S, 4aR, 6R gcé& %h?gesez ‘?%‘f}gu te reazo r{N thelr) et%m}iruﬁ would increase
1,2, 3, 4, AbiobydlaFiliBy %hdpmhyaimbl Tho plaﬂmh |cnmeeatramm@fy334afam dat -

ester ( Hqg?%@raﬁoﬁ? SF )ﬁrjgt ﬁt eg 2(1a Sbé ’?g\ég-ldlega Iyldrlot15></)q{11rr]1% ine- ? %grb%gylil'c7acz The

use of th

3S, 4aR, 6RaaRerfimbed b LMY/t razol e-5-yl )ethyl -1, 2,3, 4, 4a, 5, 6, 7, 8, 8a-
decahydr oi soqui nol i ne- 3-carboxylic acid ethyl ester (HCL salt), provided
appro@ mately a 5 fold increase in bioavailability over the parent acid.
15 Tabl esResulte] ow summari zes the pharmacoki netic parameters found for
Conpounds A anﬂihdaorarrhibhmﬂzbilﬂlﬁalrrm?;étﬂﬂ 61?3,811{) (PE)Z -QiRYBtetrapdle-Coylpthyd A i n

Fi sch f A or th ter Prod
B O L Yty
.Bi oavai | é\sé/mlrﬁk); Whé‘n 3S4&1@6ﬁ%§Rﬁ6 T@Zl(Zﬁ%t@ﬁ&@ﬁbﬁﬂl@(gﬁfs X-15558 PCT - 20-
A (acid) 6 1 B (es 0 17.7 -SX

Bi oavidi | ab513b4,$ﬁ$ ﬁﬂ@&mﬂma@x@om@@meﬁmrmy@cam athyd esten(HICE. sabbhway's are
(35, dar, orgnnRfirl BlomRUT N Erraslliols T Toe Ryfbithopmipaiems 6, 7.5, sa-
3S5,4aR,6R,8aR)-6-[2-(1(2)H-tetrazole- 5-yl)ethyl 1,2.3,4,4a,5,6,7,8,8a-
decahydroisoquinoline-3-carboxylic acid ethyl ester (HCL salt), provided approximately a
5 fold increase in bioavailability over the parent acid.
i5 Tables 2 below summarizes the pharmacokinetic parameters found for

Compounds A and B.

_ Table 2. Pharmacokinetic Parameters of Compound A in Fischer Rats after a 10 mg/kg
20  Dose of Compound A or the ester Prodrug, Compound B.*

Compound Tnax Crnax AUC % Improvement
(hr) | (ng/mL) | (nghr/mL) | Bioavail
A (acid), iv. - 11,022 6,727 -




decahydr oi soqui nol i ne-3-carboxylic acid (oral: 3 ng/ kg2 PeeemPes2f gy to
det er m neXors58 Hiibavai l ability. The sane aninmals are al so subsequently
adm ni stered an oral 3 ng/kg dose of

(3S,4aR 6R 8aR)-6-[2- (I (2)Htetrazol e-5-yl)ethyl -1, 2, 3, 4,4a,5,6,7,8, 8a-
decahydr oi soqui nol i ne- 3-carboxylic achgl ethyl ester to determine if the
ester prodrug form 10 increases bioavallability of the parent acid. The

pl asma concentrations of the parent acid are determ ned by LC M5/ MS. Study
Desi gn Four cynonol gus nonkeys (2/sex) are given a single oral dose of 15
(3S, 4aR 6K R T2y Telgpazo| e- W—)—E—hw—g*?"%ﬂa—?ﬁ 8, 8a-
gggghggroi ag%ﬁi@ gﬁe 3=cat JUA;QES' c et 1‘195’ i "“:1%7'7"'“' ey 0;51)8 stagle iv
(3S, 4aR 6R, 8aR) - 6-[ 2- (2)H—tetrazo|e 5-yl)ethyl-1,2,3,4,4a,5,6,7, 8, 8a-
decahydr oRP¥SYEHIPHILY A aolgusdonkeysci d (0.3 ng/ kg) on day 4 and a single
oral dose of

(3S, 4aR, 6R, 8aR) V8-T4° (“1? BYq female moukeys are Adminigteped an pral, gnd later, ap iy dgsey )
decahyadr ooﬁ@ﬂwaﬁgﬂﬂ,&ﬁz):ﬁi—[da(ﬂ(ﬁ)ﬂydeirazmsdd)etﬂyyll ,26564,84.5 63 ,5184-kg) on day 8.

Bl ood sanpl e are collected at 0.5, 1, 2 ours post dose
for oral n&fgﬁwb‘ogﬂg}u@olw-c%b@ghc agidgeral:13 mglkg 1"2% 33“%&&@ ‘{% el dose

for iv dogioRehilabRsy.NThe ShiHE haRRIs 26 a@&&ﬁbskﬁhﬁenag 'a@mnﬁﬁelre@%ﬁ Bfal @rrﬁfg/Eg prepared
in 0.9% sodium chloride. 25 Results: The oral bioavall abil

(3S, 4aR, 6M0BAR)(3EARRORBER)BH R G@Hde@azslwﬁ yhethyl-1,2,3,4,4a,5,6, 7 8 Sa-

éetzefm'élng% ?hf(gglsg%ﬁlgg}ﬂ}%-cﬁ?%ﬁw >}g a @HJI 'eSter t% cfégalﬁ?l?nx 1% I €8 %} gro\rﬁ?ug form

(3S, 4ar, Giﬁp&afés{ﬁoz{vaﬂdﬂll(i@)oﬁtﬁe@af@ﬁ ati@: Thy lp)asind¥bncentrations of the parent acid
1,2,3,4,44a,5, 6, 7, 8, %a decahydr oi soqui nol i ne- 3-carboxylic acid ethyl

est er(HCLar§élF’ %I%Sst ered, bioavailability increased to 11.4%
The use of the prodrug form 22 Decenber 2006 WD 03/091243 PCT/ US03/ 10466
-21-

(3S, 4aR, 6%uBnResiga[ 2- (1(2) H-t et razol e-5-yl )et hyl-1,2,3,4,4a,5,6, 7,8, 8a-

decahydr oi soquj,nol i ne- car boxyl i id ethyl .est er HCL salt), provided
appr oxi mat el y ‘a0 FYROIp %’aésqxﬁafﬁg}g ?f’l%lielofatl 6‘?/‘%1? the parent acid.

15 (3S,4aR,6R,83R)-6-[2-(1(Z)H-tetrazole-S-yl)ethyl—1,2,3,4,4a,5,6,7,8,8a—
~ decahydroisoquinoline-3-carboxylic acid (3 mg/kg) on day 0, a single iv dose of
~ (35,4aR,6R,8aR)-6-[2-(1(2)H-tetrazole-5-yl)ethyl-1,2,3,4,4a,5,6,7,8,8a-
decahydroisoquinoline-3-carboxylic acid (0.3 mg/kg) on day 4 and a single oral dose of
(35,4aR,6R,8aR)-6-[2-(1(2)H-tetrazole-5-yl)ethyl-1,2,3,4,4a,5,6,7,8,8a-
20 decahydroisoquinoline-B -carboxylic acid ethyl ester (3 mg/kg) on day 8. Blood samples
are collected at 0.5, 1, 2, 3, 4, 5, 6§;and 8 hours post dose for oral dosing and 0.167, 0.33,7

0.67, 1, 1.5, 2, 3 and 4 hours post dose for iv dosing. Dosing solutions for both the acid

~ and ester arere prepared in 0.9% sodium chloride.

25  Results:
The oral bioavailability for (35,4aR,6R,8aR)-6-[2-(1(2)H-tetrazole-5-yl)ethyl-
1,2,3,4,4a,5,6,7,8,8a-decahydroisoquinoline-3-carboxylic acid was determined to be
4.5% in monkeys. When (35,4aR,6R,8aR)-6-[2-(1 (Z)H-tetrazole-S-yl)ethyl-
_ 1,2,3,4,4a,5,6,7,8,8a-decahydroisoquinoline-3-carboxylic acid ethyl ester(FICL salt) was
30  administered, bioavailability increased to 11.4%. The use of the prodrug form




5 Table 3 bel ow summari zes the pharmacoki netic par arretzgr%eq‘egﬁ)ﬁaz?%q
Conmpounds A and B following i.v. or oral admnistration to Cynonol gus
Monkeys. Tabl e 3. Pharnacokinetic Paraneters of Conpound A in Cynonol gus
Monkey sy af n i.v. and p.o. Dose of Conpound A o r Prodrug,
Conpoun é].%%ozﬁpound Tmax Cmax AUC % | npr ovenent (h?’f%ﬁ%’ﬁﬁiﬂ? (ng hr/m
Bi oavail A (acid), i.v. - 1,622 21076 - (.3 ng/kg A (acid), p.o. 6 77 479
4.5 1 (3 ng/kg) B (ester), p.o. 2 301 1225 11.4 -2.5X (3 ng/kg) 10 The
present invention further provides a nethod of antagonizing the AVPA or

vc\;/n gRﬁ (3691&@,5&;85&)-@{2~§1@3—1&&@5&&&1@@10fz,kdgéé,ﬁ,éﬂgs]sstﬁ- amno acid rec ](capt ors,

ConpoufHABEITRRaP Ee corpE LS i S e el PEpIRA TSR PRBIA | on of

O e e oty This process has been

suggested to nedi ate neuronal degeneration in a variety of neurol ogi cal

di sor degse 20dlow CARALIIRRR h}iﬂﬁc&l&&gﬁ?%ﬁﬁ@f& HEIYEESomousliCh af@ur onal

degenerati on nakes the al?a enent of "t hese degenerative neurol ogi cal

pr ocesBdslloaving ixp or oralrdniihistraiios tn Cynogwidus Mdabeysi nst ance, excitatory am no

aci 0 RS0 b e AL G YD BRSO LA bR PRI NP ST of ogy
B e gtias - FSS PO -grafting, stroke,

cer ebr a}—ischema spipal—cord lesionsresulting fromtragma or

i nf | armfpt $OAPOUBRr | nGteal | hyraxi 4, e8I af  afr est, Japiavemesbdl yceni ¢ neur onal

damage. | L n_addi ti onhrkxkiGembkil éng yr/mblki biesvaili gplicated id chronic

“neur odegéneeidl,i.vecondi | i %082 i ncl L.@7hg A zhei nerl' s Di sease,| 25 Huntington's

Chor ea, | i Ghewgikigpd | at axi ps, Al D$-i nduced| denenti a, anyotropHic |ateral

scl er os) A(adid)i ppat hi€ apd @7 ugqi ndifoed Par kimhson's Dikease,| as wel |l as

ocul ar da(m@gkend
- | B(esten,po. | 2 301 | 1225 11.4 ~2.5X

(3 mg/ke)

10
The present invention further provides a method of antagonizing the AMPA or
GluRs receptors, of the larger class of excitatory amino acid receptors, which comprises
administering to a patient an effective amount of a compound of formulaI. The excessive
or inappropriate stimulation of excitatory amino acid receptors leads to neuronal cell
15  damage or loss by way of a mechanism known as excitotoxicity. This process has been
suggested to mediaie neuronal degeneration in a variety of neurological disorders and
conditions. The medical consequences of such veuronal degeneration makes the
abatement of these degenerative nenrological processes an important therapeutic goal.
For instance, excitatory amino acid receptor excitotoxicity has been implicated in the
. 20  pathophysiology of numerous neurological disorders, including the etiology of cerebral
- deficits subsequent to cardiac bypass surgery and grafting, stroke, cerebral ischemia,
spinal cord lesions resulting from trawma or inflammation, perinatal hypoxia, cardiac
arrest, and hypoglycemic neuronal damage. In addition, excitotoxicity has been
implicated in chronic neurodegenerative conditions including Alzheimer’s Disease,
25 Huntington’s Chorea, inherited ataxias, AIDS-induced dementia, amyotrophic lateral
sclerosis, idiopathic and drug-induced Parkinson’s Disease, as well as ocular damage and

* retinopathy. Other neurological disorders implicated with excitotoxicity and/or glutamate




retinopathy. O her neurol ogical disorders inplicated\ﬁ%??%ﬁ%*?%g%&icity
and/ or glutamate 22 Decenber 2006 WD 03/091243 PCTI US03/ 10466 - 22-
dysfunction include muscul ar spasticity including trenors, drug tolerance
and W tRghayahs brain edema, convul sive disorders i@gh%gbﬂ&mgpilepsy,
depression, anxiety and anxiety related disorders such as post-traumatic
stress syndrone, tardive dyski ne82-a, and psychosis related to depression,
schi zophreni a, bipolar disorder, mania, and drug 5 intoxication or

addi ction (see generally United States Patent No. 5,446,051 and

5, 670, dys@nctiomindludetnouspularsparticity indludisg dromors, dmg todmatics twd withdrawalo be usef ul

as anal LC agents and for. tr ' r.pr t] |.Qus forms of
heada%%,g%ﬁ?{%ﬁ’ﬁ%m W(‘::‘fdnﬁfgf &P mﬂ%@%%@g?s%t %e%?fgééﬁgtdi'/pgw\é@%%‘g‘g%’e, and chronic
~dai 'y rermddisosiers sactoghbobt-tmaticiittdss fyadrome i slivealyikimasla, &6t ent appl i cati on WO
98/ 45720 reports that excitatory amno acid receptor 10 excitotoxicity

par t i GSyosls relafed Wﬁ%@?s&n@@zﬁﬂﬁﬁ‘e&b&%@%w&m ap%dgq“éﬁ ates including

SeVer entoRfhtion drifdididrAbdeYeRaAll: Ul e M Rt R&iTu46088tnd raumatic pain. It
Is al so known that trigem nal "ganglia, and their associ ated nerve pat hways,

are a58HkET1&) eBxcitatary painareid receptonariageaisismayialso hewrfidnganageacsuch as
headac&%nt@%jdfokﬂe%ﬁggﬁ%xﬁ%ﬁﬁgﬁ%iﬁé ?dnﬂ?ofl%géééﬂéﬁﬁliﬁac%ugﬁf gral gia, 12, 57,

(1992) “proposed t nown triggers stinu he trigem nal ganglia
-whi ch headache, tenisiondypedicadactes and dntmﬁ@daiﬁyﬂlbadachecépdt@itim pubkished, giving rise to

ther ase of ,vasoactive | de rom.axons .inneryvatjng the
ascunErrio R ABR Rl PGB SBTh rerblh LA OB B R i g o

- newy ogswditstoxicity witticipateanin e etitlegynEiicing esd chroriopaesiuenmeluding vévereh i s pai n.

Thi s neur,(%%gfg{')c inflanmmatjon is bl ocked by sumatriptan at doses simlar to

t hose BEht e paiz grepropaihic Al RosHgIBIticd humans. However, such doses of

sumat ri pt ang @ hRo RASACThALBEENhAl RandaNnd ThehHssRlatcd D rRpalBwa S sttt  Of
sumatri ptan's attendant vasoconstrictive properties.(see  Mclntyre, P.D.,

et al .assqejgted vsifh prinfelrgnsatgns of theihead andregesadoisdgpdactpandgnl- 546 (1992) ;

. Chest : ik 8 , | af, ke = 03 1990); Conner,
HE. , e‘%t’“@fﬁ,n“gﬁhnreb %ﬁ%@%ﬂ@%ﬁ‘ggapﬁa5?5@%?@&?&%‘11@9@-%% 1990)).

Recent triggers stindate Hednganened gimgtia Phichha turainkerfate gasoelnfogrwitlok t he kai nat e

subty pceepﬁa]:lic Itigsnu%} él%%!g %segtlo "gl:[xeargﬁgsee of Y559 (;[tf\)nra %eu%peeptides from axons

innervating the vasculature. These neuropeptides initiate a series of events leading to

neurogenic inflammation of the meninges, a consequence of which is pain. This
neurogenic inflammation is blocked by sumatriptan at doses similar to those required to
20  ‘treat acute migraine in humans. However, such doses of sumatriptan are associated with
contraindications as a result of sumatriptan’s attendant vasoconstrictive properties.(see
MacIntyre, P.D., et al., British Journal of Clinical Pharmacology, 34, 541-546 (1992);
Chester, A.H., ez al., Cardiovascular Research, 24, 932-937 (1990); Conner, HLE., et al.,
Eﬁropean Journal of Pharmacology, 161, 91-94 (1990)). Recently, it has been reported
25  that all five members of the kainate subtype of ionotropic glutamate receptors are
expressed on rat trigeminal ganglion neurons, and in particular, high levels of GluRg and

_ KA2 have been observed. (Sahara ef al., The Journal of Neuroscience, 17(17), 6611
(1997)). As such, migraine presehts yet another neurological disorder which may be
implicated with glutamate receptor excitotoxicity. |

30 The use of a neuroprotective agent, such as an excitatory amino acid receptor
antagonist, is believed to be useful in treating or preventing all of the aforementioned

disorders and/or reducing the amount of nevrological damage associated with these




expressed on rat trigem nal ganglion neurons, and in pr MR 2996 gh

| evel s of A uR5 and KA2 have been observed. (Sahara et al., The Journal of
Neur osci ence, 17(17), 6611 (1997)). As such, migraine presents yet another
neur ol 0%%%919'43 sorder which maybe inplicated with gkl%@ BB,k ecept or
excitotoXxicity. 30 The use of a neuroprotective agen as an
excitatory amno acid receptor -@mtagonist, is believed to be useful in
treating or preventing all of the af orementioned disorders and/or reduci ng
t he amount of neurol ogi cal damage associated with these 22 Decenber 2006
WO 03/ diSdr2e48 Pﬁ'ﬁktﬂﬁﬂﬂ]smﬂib@ﬁavezﬂewmﬂmmmmrecdﬁmr amxgmqhdtsa@re st udi es have shown

that AVPA t t ; f s have
lsghenﬁleﬂ@?&%‘é‘i or 8"H qg%n%q?gq%@%glgmgﬁ %‘?"89%% 'Ve%gﬁlrgc% an gl oba
(2, 3- dﬂﬂlﬁg@ﬁi@ﬁNBQX”(QBt@hyﬁr&cylstﬁﬁ@ylsbgm@hmdn%mwﬁahﬂ@)h odToxien e en  eport ed

effective |n reventing gl obal and fqcal i|schem c_damage. Sheardown et alL,

5 Sci effp@tedz ct“ympl(eiwesgO‘Bﬂ@ﬁ%ﬁ)cétlscaenﬂcrdéﬁl@s)f‘r Sphertdovmet a7 3 (1991);
LeRei | ket £tyals7 (1%0&(3&&&%?9{ %ﬁra%’m élészi@)??)LePJ g spnconpetitive AVPA

receptor antagoni st’s 2466 has “beén’ sh be an effective
neur opBMFe&tSﬁw‘eh aﬁgénllﬁ(ws‘ﬂhtﬂglmmmpeEtheMA mesgitor entagonis GEEL et al .

R T e T e T S M
?I scl omeddldndtaPeﬂbtaun Rlema%ymm §©1]&E51@J99@)9Enkepéané’laienm]qﬂnwmm2ds ?rg AMPA
mal | ¢ egen s QoD i e PR Ao 08l HHTOMBr al ne headache.

WA P8/ iddse tisht s&aab@RatyiRdisogEhdlle raenﬂﬁvawﬂmnmmﬁt Reeplier i vative

conpounds are sel ective antagoni sts of I GL receptqgr and are useful
for t hantagowists gadhas sech,ase Pﬁﬁﬁ%l&%&@at@fmwﬁ@mw@q Qfdlsﬁﬁiefs§89@F®S» 15 chroni c,

I ntrac nds of the present
[ nvent%%ﬁhgggggq??%/%ﬂﬂ@ﬁéa 2Eei:hﬁsef u?ﬁ%ﬁgggﬁlgg%ﬁag%ﬁjol ogi cal disorders,
as di séasslydrbiseiquinelineSlediative ngropavdds ave sdlebtiae entagesists of thengloRal t need f or saf e

and effectlve treatments for neruyol ogi cal djisorders, wthout attending
si de efepaiqrand g pseful fapthe freatwent of Keriogs PBES PP BFVAIESCHES a et hod for the

15  chronic, intractable, and neuropathic pain.

As such, the compounds of the present invention are believed to be useful for
treating neurological disorders, as discussed above. Such compounds could address a
long felt need for safe and effective treatments for neruological disorders, without
attending side effects. Thus, the present invention further provides a method for the
20  {reatment of a neurological disorder, which comprises administering to a patient in need
| thereof, an effective amount of a compound of formula I. More particularly, the present
invention further provides a method for the treatment of pain or migraine, which
comprises administering to a patient in need thereof, an effective amount of a compound
of formulaI.  The treatment of neurological disorders and neurodegenerative diseases is
25  hereby furthered. '
As used herein the term "patient” refers to a mammal, sach a mouse, guinea pig,
rat, dog, monkey, or human. It is understood that the preferred patient is a human.
The term “freating” (or “treat”) as used herein includes its generally accepted
meaning which encompasses prohibiting, preventing, restraining, and slowing, stopping,
30  orreversing progression, severity, of a resultant symptom. As such, the methods of this
- invention encompass both therapeutic and prophylactic administration. |




20 treatnment of a neurol ogical disorder, which conpri s%zsp%?fmbrﬁrg?%fsri ng to a
patient in need thereof, an effective anount of a conpound of formula I.
More particularly, the present invention further provides a nmethod for the

treat megh ¢9foP@i N Or mgraine, which conprises adm gj i to a patient
I n need thereo‘?, an effective anobunt of a conpound g&’?"%@r’%\q g . The

treatnent of neurol ogical disord@4s and neurodegenerative diseases is 25
hereby furthered. As used herein the term"patient” refers to a nanmal ,
such a nouse, guinea pig, rat, dog, nonkey, or human. It is understood
t hat the préfused baeip&teitemt "effsctive humount” refiretotthe amount exdobeefthg or "treat”) as

used herein i udes. |t n I 1y, t I 0 Al onpasses

or oni B rEag SRy ERT: trgfu PEREbanhiBARR S MR, PRl PRES0P S,

: re;/ﬁrde?mzﬁﬁgrmsmmﬁeﬁtmﬂaquimﬁmﬁm?ﬁulthant sytrr_ptom dAs sucr:]hl, t?_e

met hods o is ..invention_ enc ss bo erapgeuti.c and. prophyl actic

adni ni st r atABFHIECEYS FRREHEBLC e CUETRSH Gy e pioine CRRTEMeE 24 As used
‘hersei norfeliRitled ithe &, b9 e v4€ o ARWALechhRLES shd bP obRA D TRNE oBtBinel@se of the
conpound, upon single or nultiple dose admnistration to the patient, which

pr ovi cender alogenssirpeastaree dn deteminiag ferelfeetive amgurt ondesg®bsi s or treat nent.
An ef f ect ] | . pi ._at t endi
n et T eotdolfid Qaﬁﬁl@;gﬁ%;gﬁ% i elf ﬁftgg&%é r@fﬁﬁ&&@r&?&bﬁyﬁeﬂ&% endi ng

di agnostici an, one e art, e use of known techni ques
and bydiegmosticrkmipciuding g nahindtedéal the sbeics efimdnogayis ic agenstdances. | n

determining the effectiyve amunt or, dose of .compoun dm pistered, a
nuner Bl 6 8aht e RERY e ne 3 Bl or AR RA b B Tefork o1
| n@l udefile dibsate; HRtrespbiie bethe ilivithiet patrac iiepaniculapeamonnd t s si ze, age, and

general,  health; the_ s i fi.c di sease inyqlved; the degree of or involvenent
o "t e eie o4 ot SR dbe el G AR EROT T vi dual | pat | ent.
“the pagrbpitionladRMERAEH the RTePinth Q618Med; iRYsEBURnImiRdthedisdioat | on; the

bi oavailability characteristics of the preparation adm nistered; the dose
r egi neandshes gelevant citpensiansesef conconi t ant nedi cation; and ot her rel evant

;ib(r)ﬁ? migg” Qng ﬁ%dglo‘iaﬂ? H&és% lyifl Bbrheiin ARFFabB d.015R P HnbEAB0 AR ot 1 MO/ kg to
- 15 - active compound of this invention. Preferably, daily doses will be about 0.05 mg/kg to
about 50 mg/kg, more preferably from about 0.1 mg/kg to about 25 mg/kg.

In effecting treatment of a patient afflicted with a condition, disease or disorder
described above, a compound of formula (I) can be administered in any form or mode
which makes the parent monoacid compound bioavailable in effective amounts, including

20  -oral and parenteral routes. For example, compounds of formula (I) can be administered
. orally, subcutaneously, intramuscularly, intravenously, transdermally, intranasally,
rectally, buccally, and the like. Altemati'\?ely, the compound may be administered by
 contimuous infusion. Oral administration is generally preferred. One skilled in the art of
preparing formulations can readily select the proper form and mode of administration
25 depending upon the particular characteristics of the compound selected, the disease state
1o be freated, the stage of the disease, and other relevant circumstances.

Tt will be understood by the skilled reader that all of the compounds used in the
present invention are capable of forming salts, and that the salt forms of pharmaceuticals
are corunonly used, often because they are more readily crystallized and purified than are

30  the free bases. In all cases, the use of the pharmaceuticals described above as salts is
contemplated in the description herein, and often is preferred, and the pharmaceutically

- acceptable salis of all of the compounds are included in the names of them.




15 active conpound of this invention. Preferably, dai I%?'a%(‘seé%be\?v??[?s be about
0.05 ng/kg to about 50 ng/kg, nore preferably fromabout 0.1 ng/kg to
about 25 ng/kg. In effecting treatnent of a patient afflicted with a

- condi ti@QR.n:Aisgase or disorder described above, a c f formula (1)
can be gg%sﬁ%lg‘gered in any formor node which rrakesggﬁ@g%glpfe%ﬁt nonoaci d
conpound bi oavailable in effectiygg anmounts, including 20 oral and
parenteral routes. For exanple, conpounds of formula (1) can be

adm nistered orally, subcutaneously, intranuscularly, intravenously,

t r ansder nmalAggordingtié advalse abpéct, the pecsétt inventdn GERlidey a pRatthatddEicdli ke.
Al ternativel.y, onpound may be adm ni_stered by _continuous i nfusion.

the c .
Oral oFRIRGFEP a‘thrfgm%ﬂgeéﬁép@m‘yﬂmf Eraplad @r 2 phvsmadentioally 2paepeble art of
Pr €Pardahek G B Hk OREcif AbvE GREH bRl DEciPBluchOhBaagd mode of

adm ni stration 25 dependi ng upon the particu aracteristics of the
conpound sdihephasmaceutieal gprypesifitons argipeepaned by knawnaoeedyres hdngswele of t he

di sea k. C i n stood by the
skisﬁel §§’°¥"3‘a %&@ﬁgat&g%%%g efl]%iél%'cglrr%ﬁou séﬁosé’td’ Swﬁnétﬁgﬁe%fgseg{ent i nvention are
capabl iavantiof,diarctige mgletient witidhsadilythe idieedseitt a daaierpordilugebdy amceuticals are
conmon| .usedl,l of&e. because th% re tﬁoéﬁprgadil crystallized and

puri f | BFFAEF0k8 caprjenanf may be iny the Trp of a capstle, saehet, PAPOT( he

- phar meghdtichtaihe. VBsathdQeiabave 288 diiadnt, St thdy betRlig BataM™, b0 t he

~descri g}ty;ugnq herein, and often is preferred, and the pharnaceutically

" accept! aigyial whish agispas apehicle cxeiisBupraRedaIe fordl astieringiedielle nanes of t hem
- 10 - Fhecompositions € $eSa MBS m 8@@@1ets,‘§@159§6»9&132,ﬁ%e1?g€1/ shRAR/ L6 - 25-
According to another aspect, the present invention provides a

phar meR&Us.isesmensioparaposiensosolutiohs, syrups apedobesingnantsrmovtaimingoforf ornul a | or a

o TS bIoAS5 A PP LSS S5 LA ggal nabove ano
conpossuppasiterien)sterile mipatable shiptibuspamd saritoedkugedparedeng wel | - 5 known and
o ek e S S RS B ORI T P o
dialsut edéxBysepsuctosy, Ebrbitol, RAnriOE kAf A6k, Wirh,Hoibia cAdiimi fhbsphaRtalpmabe i n the form
of a capsul e, sachet, paper, or ) _
.- tragcanth, gelatin, calcium silicate, micro-crystalline cellulose, polyvinylpyrrolidone,
cellulose, water syrup, methyl cellulose, methyl and propyl hydroxybenzoates, talc,
magnesium stearate, and mineral oil. The formulations can additionally include
lubricating agents, wetting agents, emulsifying and suspending agents, preserving agents,
20  sweetening agents, or flavoring agents. Compositions of the invention may be formulated
0 as to provide quick, sustained, or delayed release of the active ingredient after
administration o the patient by employiﬁg procedures well known in the art.
The compositions are preferably formulated in a unit dosage form, each dosage
coﬁtaining from about 1 mg to about 500 mg, more preferably about 5 mg to about 300
25  mg (for example 25 mg) of the active ingredient. The term "unit dosage form" refers to a
physically discrete unit suitable as unitary dosages for human subjects and other |
mammals, each unit containing a predetermined quantity of active material calculated to
produce the desired therapeutic effect, in association with a suitable pharmaceutical
carrier, diluent, or excipient. The following formulation examples are illustrative only

30 and arenot intended to limit the scope of the invention in any way.

Formulation 1




sem-solid, or Iliquid material which acts as a vehicle, excipient, or
medi um for the active ingredient. 10 The conpositions can be in the form of
-tableron&hh:m powders, |ozenges, sachets, cachets, @%ﬁ%inﬁs suspensi ons,
enmul si ons, solutions, syrups, aerosols, ointnents cohtd |H&, for exanple,
up to 10% by wei ght of active campound, soft and hard gel atin capsul es,
suppositories, sterile injectable solutions, and sterile packaged powders.
Some exanples of suitable carriers, excipients, and diluents include

| act o9gard ﬁaﬁﬁ?ﬁbﬁmweﬁb}fa&éﬂ%ingwfﬁimﬁhgimﬁliﬂntsal , starches, gum acacia,
cal cit gcaaphﬁ.‘d-a.t_j-n—ea-l-e-i—u-m-s-i—d-i-cat e,
i

microqcrystal line cellul ose, polywvinyl pyr (3¥epiyag/capsele) ul ose, water syrup,
et hy ll—eettutoses et iyt —amd—propy—hydroxybenzggges, tarc, gnesi um
steardte, and m ngFogfu%i | . The forjmul ati ons can additionally _include

| ubri qati ng agerdtschweiefl Ng agent s}, enul sifying28thd suspendi ng fagents,
presernving.agents 20_sweet epi-ng—agent-s—or—flavernrg—agents—onposi ti ons
of thq invent Magoesiyn Bisamlsr nul ated so as to prom de quick, sustained, or
del aygdTetrease of pp g active Tngrledient afTer ggfm nistratron fto the
patient by enploying procedures well known in the arf. The mmriosi tions are

preferably fornmulated in a unit dosage form each dosage containing from

(For exanpibe sipvaipeaenside vt ut gt ah SV R BAME dosage fornt
r ef er spulafites. Physically discrete unit suitable as unitary dosages for human

subj ects and ot her manmmal s, each unit containing a predeterm ned quantity
of Jactive material calcul at ed FopnulgfioRitice the desired therapeutic effect,

In assﬁa%'tle?sté?%gu §yE 'Tqﬂ%ﬁﬂﬁigto?mﬁ%ﬂfé%ﬁpﬁb'}ﬂa@@h folléWg:1 er, diluent, or

exci pi en ol fTow ng formul at’i on exanmples are illustrative only 30 and

are ndt intended to limt the scope of theQuantdn{mgiablel} any way}
For nullati-en De avaTs 0 09 o = .- O 0466—26+ Hard
gel atijn capsul es é’ﬂ'%drﬂﬁ epared using the follow ng ingredients: JQuantify
(ng/ cqpsute) Starch 45
Microcrystalline Cellulose 35
Polyvinylpyrrolidone 4
Sodium Carboxymethyl Starch 4.5
Magunesium Stearate 0.5
Talc 1
Total | 150

The active ingredient, starch, and" cellulose are passed through a No. 45 mesh U.S.
sieve and mixed thoroughly. The solution of polyvinylpyrrolidone is mixed with the
10 resultant powders which are then passed through a No. 14 mesh U.S. sieve. The granules
so produced are dried at 50°C and passed through a No. 18 mesh U.S. sieve. The sodium
carboxymethyl starch, magnesium stearate, and talc, previously passed through a No. 60
- mesh Us. sieve, are then.added to the granules which, afier mixing, are compressed on a

tablet machine to yield tablets each weighing 150 mg.




Prodrug 250 Starch, dried 200 Magnesium Stearate 10 2‘?0?%36"1%’620%e above
ingredients are mxed and filled into hard gelatin capsules in 460 ny
guantities. 5 Formulation 2 Tablets each containing 60 ng of active
ingredient are made as follows: Quantity (ng/tablet) Prodrug 60 Starch
45 M crocrystalline Cellul ose 35 Polyvinylpyrrolidone 4 Sodium

Car boxynet hyl Starch 4.5 Magnesium Stearate 0.5 Talc 1 Total 150 The -
active ingredient, starch, and cel | ukdse are passed through a No. 45 nesh
U S. sieve and m xed thoroughly. The solution of polyvinylpyrrolidone is

m xed Glaithe t he 10 resul tant powders which are then passed through a No. 14
mesh U. S. sieve. The granules so produced are dried at 50C and passed

t hrough a si eve. The sodi um carboxynet hyl starch,

magnesi um &e‘éﬁ&?’@o%t@"afpgnuﬁr eviously passed through a No. 60 mesh U.S.
sieve, are then added top-hg granul es which, afger mxing, are conpressed
on a tablet machine to ¥iehd tablgfs egch %i ing 150 ng. 22 Decenber
2006 27 Cainms 1. A coﬁgQﬁ -h} z Og

H

wherein R represents C)-Cj alkyl, provided the compound is not (35,4aR,6R,8aR)-6-[2-(1H-
Tetrazol-5-yl)-ethyl] ~1,2,3,4,4a,5,6,7,8;Sa*decahydro~is0quinoline—3-carboxy1ic acid methyl

ester, or a pharmaceutically acceptable salt thereof.

2. A compound or salt according to claim 1 wherein R represents Z—ethyi butyl, isobutyl,
3-methyl butyl, decyl, or ethyl.

3. A compound or salt according. to claim 2 wherein R represents 2-ethyl butyl,
4. A compound or salt according to claim 2 wherein R represents isobutyl.

5. A compound or salt according to claim 2 wherein R represents 3-methyl butyl.
6. A compound or éalt accord_in% to claim 2 wherein R represents decyl.

7. A compound or salt according to claim 2 wherein R represents ethyl.

8. A compound which is (35,4aR,6R,8aR)-6-[2-(1H-Tetrazol-5-yl)-ethyl] -
1?2,3,4,4a,5,6,7,8,8'a-d¢cahydro-i'soquinoline—3-carboxylic acid 2-ethyl-butyl ester.

9. A compound which is (35,4aR,6R,8aR)-6-[2-(1H-Tetrazol-5-yi)-ethyl] -
1,2,3,4,4a,5,6,7,8,8a-decahydro-isoquinoline-3 —ca;‘boxylic_: acid isobutyl ester.




\ HHH N~ OR HNH Hwherein Rrepresents Cl-Cto al K PeEFE &2% ¢ he
conpound is not (3S, 4aR 6R 8aR)-6-[2-(1H Tetrazol -5-yl)-ethyl]
-1,2,3,4,4a,5, 6,7, 8, 8a-decahydro-i soqui nol i ne-3-carboxylic acid nethyl
ester, or a pharnmaceutically acceptahle salt thereof. 2. A conpound or salt
according to claim1 wherein R represents 2-ethyl butyl, isobutyl,

3-net hyl butyl, decyl, or ethyl. 3. A conpound or salt according to claim?2
wherein R represents 2-ethyl butyl, 4. A conpound or salt according to

clai m 2 whet@i A cBnpRIRASANESisi(SPAR, UR 8a15) 6- & gmaw&dl Sil)sah) according to |
claim2 wherein R represents 3-nethyl buty A conpound or salt

accor ditAg oL Wﬁ@?‘ﬁoﬂlm@&e@s@w@w&éé‘?ﬂ 3-methy] tb‘@flrﬁﬁ%d or salt

according to claim2 wherein Rrepresents ethyl. 8. A conmpound which is
(3S, 4aR, 6R, 8aR) - 6-[2- (1HTetrazol -5-yl )-ethyl] -
1, 2, 3, 4, 4a, bl. 6A¢0@p®mddéudhtyd3&4d&@q&m€ﬁ [2°@ iBTezazbbicyliethydli d

(5, Zékzé 4 epcotin R FRIDRHE P of pgid deoyt ester

1,2,3,4,4a,5,6,7, 8, 8a- decahydro |squ|noI|ne 3 carboxyllc acid i sobutyl

ester. 2006 A conmpound
(3S,4aR 6RD§%R¥2 ol (SRR §aks)- Qg[Qh@}ﬂ-Tetrazol-S -yD-ethyl] -

1,2, 3, fhodan b B ?;@aﬁﬁcﬁ@ﬁ%%&dl&@%%a?@ﬂyﬁ@a&d edyPxy! i c acid 3-nethyl
-.butyl est er . A conpound which is

(3S, 4aR, 6R, 8aR) 6 [2-(1H Tetrazol -5-yl)-ethyl] -

1,2,3,4,4a, b, 6 dro i ui no carhox agj d decyl ester.
12. A conpo%’n §acﬁc?rldg1%(c@§¥ 4a1f3 %f;ﬁ%gﬁ% %h][agl ?31“11‘?{18??% e(ﬁ;[e %"’ﬁ{u )-ethyl] -
1,2,3,4,4a,5,6, 7, 8 8a decahydr o- |squ|noI|ne -carboxylic acid ethyl ester.

13 A salt ccor to any_one of Clains 3-6 that is the trifluoroacetate
sal t. -<hp ta& SF‘&t‘hél"‘t"S7 afiipfhe hydeochlogide $pdt. hy dr ochl ori de sal't.

15. A pharmaceutical composition, which comprises a compound or salt as claimed in
any one of Claims 1-14, or (35,4aR,6R,8aR)-6-[2-(1H-Tetrazol-5-yl)-ethyl] -
‘ 1,2,3,4,4a,5,6,7,8,8a-decahydro—isoquinoline-3-carboxyiic acid methyl ester, and a

pharmaceutically acceptable diluent or carrier.

~16. A pharmaceutical composition, which comprises a compound or salt as claimed in
é.ny one of Claims 1-14, or (35,4aR,6R,8aR)-6-[2-(1H-Tetrazol-5-yl)-ethyl] -
: I,2,3,4,4a,5,6,7,8,8a—decahydro~isoquinoline—3—carboxylic acid methyl ester, and a

pharmaceutically acceptable diluent or carrier, for use in the treatment of pain.

17. A pharmaceutical composition, which comprises a compound or salt as claimed in
any one of Claims 1-14, or (35,4aR,6R,8aR)-6-[2-(1H-Tetrazol-5-yl)-ethyl] -
1,2,3,4,4a,5,6,7,8,8a-decahydro-isoquinoline-3-carboxylic acid methyl ester, and a

pharmaceutically acceptable diluent or carrier, for use in the treatment of migraine.

'18. The use of a compound or salt as claimed in any one of Claims 1-14, or
(35,4aR,6R,8aR)-6-[2-(1H-Tetrazol-5-yl)-ethyl] -1 ,2,3,4,4a,5,6,7,8,8a—decahydro-i_soquinoline-3-

“carboxylic acid methyl ester, for the manufacture of a medicament for the treatment of pain.




15. A pharnmaceutical conposition, which conprises a co%%Bﬁﬂﬁm%yzgg?t as
clainmed in any one of Clains 1-14, or

(3S, 4aR, 6R 8aR)-6-[ 2- (1H Tetrazol -5-yl)-ethyl] -

1,2,3,4,4a,5, 6,7, 8, 8a-decahydr o-i sogéd®Pnol i ne- 3-carboxylic acid nethyl
ester, and a pharmaceutically acceptable diluent or carrier. 16. A

phar maceuti cal conposition, which conprises a conpound or salt as clained
in any one of Cains 1-14, or

(3S, 4aR, 6R, 8aR) - 6- [2 (IH Tetrazol -5-yl)-ethyl] -

1, 2, 3, 4, 4a, 7 decah I.noline aci d net hyl
ester. and g’agh %ﬁ@%&?ﬂ% gyfﬁ@éﬁgﬁﬁﬂF HHFWG@HP£%ﬁH§h ﬁl for use in
the tr@aMaRBR, quurunlﬁmfomhﬁ; gmgRUt b 4a05)m?(898atde9£hyd¥831s8&h1ﬁ&ﬁ%f3'~ses a
conpound, or _salt as clainmed in any one of 'C 14,

(3S, 4&?@6}1&%&%@ glef}gd ester. fou thegmaputaniyre pf @m@gqc]amcnt for the treatment of migraine.
1,2,3,4,4a,5,6, 7,8, 8a-decahydr o-i soqui nol i ne-3-carboxylic acid nethyl
ester, and a pharnaceutically acceptabl e diluent or carrier, for use in
the treatnment of mgraine. 18. The use of a conpound or salt as clainmed in
any one of Clains 1-14, or (3S, 4aR 6R 8aR)-6-[2-(1H Tetrazol-5-yl)-ethyl]
-1,2,3,4,4a,5, 6, 7,8, 8a-decahydr o-i soqui nol i ne-3- carboxylic acid nethyl
ester, for the manufacture of a nedicanment for the treatnment of pain. 22
-‘Decenber 2006 29 19. The use of a conmpound or salt as clainmed in any
one.of Clainms 1-14, or (3S,4aR 6R 8aR)-6-[2-(1H Tetrazol-5-yl)-ethyl]
-1,2,3,4,4a,5, 6, 7,8, 8a-decahydr o-i soqui nol i ne-3- carboxylic acid nethyl
ester, for the manufacture of a nedicanent for the treatnent of m graine.




