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DECAHYDRO SOQUI NOLI NE- 3- CARBOXYLI C ACI D AS ANALGESI CS FI ELD OF THE

| NVENTI ONWVD o3log12p3 esent i nvention relates to novel prodru@Crarses1abe

(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
arboxylic acid, to pharmaceutical conpositions containing the prodrug

f or ms, ESIRR DPERIVRrNOESODIA DECAHYDROTEOOPT IO NG 3F-ORRENX YL Oc BACKGROMND.CBEIT4HE

| NVENTI ON United States Patent No. 5,670,516 discloses that certain
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 forns _of the f | ective G uR5 15 ant agoni st

3S, 4aR, 6S, 8aR- 6- (((4 carbox%ﬁ@n@&iws 4,4a,5,6,7,8, 8a-
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an obj eg %Rﬁ% gsent invention to provide nonoesters of

(3S, 4aR, 8aR)™- 6 [2 (1(2)Htetra.zole-5-yl)ethyl-1,2,3,4,4a,5,6, 7,8, 8a-

decahydr0|squ|noI|ne 3-carboxylic acid which are substantially converted
W{{;e parent nonoacid BE %@ gﬁ@ @FTﬁéﬁw THE I NVENTION It has

een di scovered that nonoacid, (3 S, 4 aR

6R 8 aR) - 6- [dtedii@pdPiteitmaz ol Er0% 16\dijclesehihat derin éﬁecah)dirdlaoqlﬁnolﬁq,e 7, 8, 8

a- decahydroi soqui nol i ne- 3-carboxylic acid ovi de fIC |nproved

bi oavai I9gBVatitey areomlﬂweﬁ%era@%%%aﬂ%a% %@L@ff "Esﬁglﬁ %ﬁ]& nﬁéf

admi ni >y 1y Qffe@ht édﬁﬁltigﬁmﬁ@lh&ﬁn%» S dnd Tdifle qg%ait@ﬁ;mel/mmeﬁg ers are

substantially converte noaci d

I'n the patient. The monoaci d is
di scl osgublished JSauPal 52005, BFdoEs Gjesies smeidugs@pnenﬁ@ne selgctivedOImRs WO 03/ 091243

PCT/ USO %{n%a%gr?lgt 3S,%aR,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-y1)ethy1—1,2,3,4,4a,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-1,2,3,4,4a,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
It has now been discovered that the novel monoesters of the monoacid,
(3S,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.



Thus, the present invention provides conpounds of formula l: NNO NHH
HNOR 5 NH HFormula | wherein R represents Cl-C20 al kyl, C2-C6 al kenyl,
Cl- C6 al kyb-oaw91243 C1- C6 al kyl - (C3- 10 C10)cycl oal kyl , Cl- @6Taiskyiosby N- C1- C6
di al kyl am ne, Cl1-C6 al kyl-pyrrolidine, Cl1-C6 alkyl-piperidine, Cl-C6

al kyl - nor phol i ne or a pharmaceuticatdy acceptable salt thereof. The present
i nvention further provides a nethod of antagoni zing the AMPA or GLuR5
receptor, which conprises adm nistering to a patient an effective anmount of
a conpound Thus, thepresent invesianpravides ¢ampounds opfasmalal: i nventi on provi des a
met hod for the treatnent of a neurological disorder, which conprises

adm nistering to a patient {,n need thereof an ;ffective anount of a
conmpound of forrmula I. T resentkinvei ioqﬂfU‘ther provi des a nethod for
the treatnent of pain orN_ni&Laine, i >Qrpriises administering to a
patient in need thereof anNeffe&ttivg 70 ofOR conpound of formula |
The present invention furtiler provic e usg, ,of a conpound of fornula I
for The manufacture of a nedi canent Mae tweatnent of a neurol ogi ca

di sorder. The present invention further pgdovi des the use of a compound of
formula | for the manufacture of gﬁﬂggi?anent for the treatnment of pain or
m grai ne. 25 DETAI LED DESCRI PTI ON E*I NVENTI ON As used herein, the term
"prodrug” refers to a nonoester derivative of a carboxylic acid functional
drug, which derivative, when admnistered to a patient is converted into

t he nonwdeiain Raepngsentyhe Cenadkytati-€s akends Cofrepilohpryhfares $kyic(Cst eavage of
t he 30 LNy i i that th
e 70 SorpOURIeE SR R S A ShecATen0ET he (he

alkyl-piperidine, C;-Cs alkyl-morpholine or a pharmaceutically acceptable salt thereof.

The present invention further provides a method of antagonizing the AMPA or
GluRss receptor, which comprises administering to a patient an effective amount of a
compound of formula I.

15 In addition, the present invention provides a method for the treatment of a
neurological disorder, which comprises administering to a patient in need thereof an
effective amount of a compound of formula L.

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

20  ofacompound of formula L

The present invention further provides the use of a compound of formula I for the
manufacture of a medicament for the treatment of a neurological disorder.

The present invention further provides the use of a compound of formula I for the
manufacture of a medicament for the treatment of pain or migraine.

25
DETAILED DESCRIPTION OF THE INVENTION

As used herein, 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
30 compounds of the present invention occurs in such a manner that the parent

monocarboxylic acid (drug ) is released.



WO 03/091243 PCT/ US03/10466 -3 As used herein the term "Conpound A" refers
to (3S, 4aR, 6R, 8aR) - 6- [ 2-(1(2) H

tetrazol ewb-gi0dethyl -1, 2, 3, 4, 4a, 5, 6, 7, 8, 8a- decahydr oi soquiPpedlUsag1@e€ar boxy|
ic acid. As used hereln the term"Corrpound B" refers to

6-[2-(2H Tetrazol -5-yl)-ethyl]- deca3hydro i soqui nol i ne-3-carboxylic acid
ethyl ester. 5 As used herein the term " Conpound C' refers to

6-[2- (1H Tetrazol -5-y|)-ethyl ] - decahydro-i soqui nol - 3- ic acid
2- et hyl - but yAsaisedhereindhetsen "aemppund He referste al@ gﬁ%&é?f

6-[2-(1H Tet t hwl | i
i SE)bu'g y et ggqlé%%ﬁkﬁﬁd e%3 ﬁé”ra §réﬁ718%0cfé@ﬁﬁ{d?c&o ounggli—_3 %ﬁﬁ S%{g{gxy ¢ ac
6- [ 2- (2H Tet pa7Réd Ber¥infiheteiil"CombdunEBa efersde 6s[aqﬁHﬁmtxame1-3ybatm}<y| ic acid

3-net hyl -butyl ester. As used herel n the term"Conpound F' refers to
6- [ 2- ( 1feopBydrazisnquenaling3etargaxplic aed SRV £HET- s oqui nol i ne- 3- car boxyl i ¢ aci d

decy ester. rf§ %61 GhéleAnt gfp%PH% CCLeftA 18l M YL (1 HIBRES1- 5912 t8IT-ai ght or

br anched, nonhoval en saturate hatic chain of 1 to 4 carbon atons and
i ncl udeaecabytlrousoqlmﬂmlinemctaebbxyhc laeltltﬂy(tthyl-lllﬁyleﬂstv:yl n- propyl, isopropyl,

-butyl, i tyl d. t i h " yl "
pef grg toI Zogg ‘é?%ﬁnre tﬂ%}eghléﬁlgalpo% é?fgﬂstetl &- @rﬁﬁi%&@ Ogﬁ'y @lt chai n of
l1to6 ﬁééaﬁ%?&oﬁts&ﬂﬁncﬂﬂl@ 3-aebsidas acﬂ%oﬂu@l@:@ﬁeﬂ imted to nethyl, ethyl,

n-propyl, isopropyl, butyl, i sobut t - but yI n pentyl, n-hex and the
like. 1t willAsused hﬁd@rtb@tﬁmj"ﬂﬁ‘mpoﬂlﬁ%]i é@fﬁ’is"t@ﬁ eA2Hr keprazo} §Y)rftt,tF3ﬁied wi thin

ef i,ni n .of "“Cl-CB Si}'f p i the term"Cl-Clo al kyl”
ref]e(ij figcagy Flg?%lh? g;%branc eg acrdnsﬁﬁlg EsSaturat ed aliphatic chain of
1 to 10 car by wtdherehte tanel "mdmpouhmF" mfemo 6-[Ri(F Tt Berazol- rebtefliyll-et hyl ,
propyl, isopropyl, .n-but but tertiary butyl, pentyl, i sopentyl ,
hexyl , Qe@'hbi ?ﬂl}m@“ﬁ[%?ﬁb i‘ﬁ %adeﬁylzes met hyl - 3- pent yl |

2-met hyl - %Z%’dste% AereRCthY kerm4t@4kﬁﬂc}718réf@ﬂ§fté/ h s@ﬁghttcfiebriﬂckl@d mdnowhleht, be

understood t e terns "Cl and "Cl1-C6 al kyl " are incl uded
Wi t hi n seratef alihttioshagd of Tio £t@ber kty)ms anddnqluded, B isnat Liopidedite mpathady - 20

chat of i ereBYE KPR R A as Bt i o mop o Pnate

As used herein the term "C1-Cg alkyl" refers to a straight or branched, monovalent,
saturated aliphatic chain of 1 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;-Cs alkyl" is included within the definition of "C;-Ce

20  alkyl".

As used herein the term "Cy-Cio 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 "C;-Cs alkyl"
and "C;-Cg alkyl" are included within the definition of "C;-Cjo alkyl".

As used herein the term "C1-Cp 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, isobutyl, 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-



limted to, nethyl, ethyl, propyl, isopropyl, butyl, isobutyl, t-butyl,
pentyl, isopentyl, 30 hexyl, 3-nethylpentyl, 2-ethylbutyl, n-heptyl,
n-octyl, WOmen91243 n-decyl, n-undecyl, n- dodecyl, n-tride@gr/usn3/i@se adecyl
n- pent adecyl , n-hexadecyl, n-hept adecyl n- nonadecyl n WD 03/091243

PCT/ USOS/ 10466 -4 , ei cosyl and t He I|ke It wll be under stood that the
terms "CL-C4 al kyl" , "Cl-C6 al kyI and "Cl-C o al kyl" are incI uded vm'thin
the deflnltlon of "Cl-C20 alkyl". As used herein, the te " I\(%ey

"Prv, " eilpsyl andtite lded It wilBe' und@fsé‘?Odtthatrfb? tyms "CelChgikyl'pr gﬁG al %opr opyl

but yl andJ; but i ed-vherei e term"C2-C6
al keny| (?le @Waﬂsﬁ‘ﬁ t‘%?#lxtheddﬁﬁmgﬁ]& b’e@?aﬁlkkfh unsat ur at ed
al i phati c chajsmsb@néroig, ﬂfeQé&ﬂs\/@/Ié p"Eﬁ'X'mar'ﬂan "Budaad "FHpl whir to ER4GE al kenyl
groups include ethenyl (also knovvn a 1- net hyl et henyl, 1-nmethyl-1I-

pr openy Bthyh pepybAsepropyliakd apd terpt H@f’??ﬂ’e%‘ openyl , 1-propenyl,
2- propenyl, %s%&?ﬂ%ﬁjemthgfeﬁ%] Sy alicayth Irefé’?'s ﬂo'z!%%ralgh@of\ﬁrakl@lfé@ herein, the

term"aryl" reférs to nonoval ent carbocyclic group containi n% one or nore
fused omdmonalémtsenisapheta@! hhphanlgshandlavmglfwd@wo footix exchem pomsp e’mPFll 1- or 2-

ht hyl 3,4-tet | ik As
labd heiceiG ksl Vighay meindgispid A agpvE ol PN PRy ReiSELs ched,
monoval gfg nﬂaq%@g@p 1q{dxak5qt2.ﬁle@ﬁwztpr@f)er@l t1opiopedl bppro@t—:ﬁm;sz “bhteayl, has an

aryl up 15 attached to t he aliphatic chain. Included within the term
" Cl- C6 atpeptenalk, whd therliket he follow ng: and the like. As used herein the

term " (C3- O Q) Gxg Jlﬂglle#%y he t%:lﬁlin ely ”tr8¥e?s t%%&f)oaftaf‘eﬂt N QERE ?1%2 cgﬁeﬁﬁ

structure contal ning en carbon atons. "1y
cycl oal lgyé or @b@&lﬁﬁed mﬂdmdﬁsaypﬂenpr mpgsl and dyathddsyfoy IeXam]ych Ioh@e)’it ¥4 or 2-

| oh | | | o dt 'k It i d t ood t hat
C{ggocg;gm%m%lgy phi. oy < eheuRRg il R tedlieu wi thi n t he ter m
" (C3-Clo) cycl ? ﬁet(rt%he'-lﬁﬁﬂ “b?—t%'aﬂ(yl BAg’ feBdrito gtr t or branched,

al kyl - (C3-Clo)c refers to a straight or branched, nonoval ent,
sat ur at eambrwlvalphasaturattddaahmhdic dhajrpobl tﬂeﬁ pashomeioms vwmfchaswew R

15  attached to the aliphatic chain. Included within the term “C;-Cg alkyl-aryl” are the

and the like.
As used herein the term "(Cs-Cio)cycloalkyl" refers to a saturated hydrocarbon

following:

20  ring structure containing from three to ten carbon atoms. Typical C3-Cyo cycloalkyl
groups include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl,
and the like. It is understood that “(C3-Cg)cycloalkyl” and “(C4-Cg)cycloalkyl” is
included within the term "(C5-Cjo)cycloalkyl”.

As used herein, the term “C;-Cg alkyl-(Cs-Cig)cycloalkyl” refers to a straight or

25  branched, monovalent, saturated aliphatic chain of 1 to 6 carbon atoms which has a (Cs-
Cio)cycloalkyl attached to the aliphatic chain. Included within the term “Cy-Cs alkyl-(Cs-
Cio)cycloalkyl” are the following:



Cl o) cycl oal kyl attached to the aliphatic chain. Included within the term
"Cl-C6 al kyl-(C3- do)cycloalkyl" are the follow ng: W 03/091243

PCT/ USO3/W048691245 and the |ike. As used herein the term PRTNSCL10366

di al kyl am ne" refers to a nitrogen atom substituted with two straight or
branched, nonoval ent, saturated alifphatic chains of 1 to 6 5 carbon atons.
I ncl uded within the term "N, N-C1- C6 dial kyl am ne" are N(CH3)2, N(CH2CH3) 2,
- N( CH2CH2CH3) 2, - N( CH2CH2CH2CHB) 2, and the |ike. As used herein the term
"Cl-C6 al kyl -N, N-C1-C6 dial kylam ne! refers to, straight or branched,
nonoval ent\ saturated aliphatic chai carbon atonms which has an
N, N- C1- C6 dial kyl ani ne ached to the qliphatic chain. Included wthin the
term"Cl-C6“10 al’kyl -N, N-Gl.-C6 di al kyl a are the | ow ng: WO
03/091243 PCT/ US03/ 10466 NN\ NN~ Nomi N N and tHe like. As used
herein the term"Cl-C6 al kyl -pyrrolidine" refers to a straight or branched,
nonoval ent, saturated aliphatic chain of 1 to,6 carbon atons which has a
pyrrolidipe 5 attached to the aliphatic chain? ncl uded within the scope of
the term™ al kyl:- rrolidine" ar& the foll ng: NND N-D No and the
i ke. As us herein the \erm "Cl-C6 aI-pi’peridl efers to a straight
or branched, 10 nonoval en saturated aliphatic chai f 1 to 6 carbon
atons which has a piperidine attached to the aliphatic chain. Included

wi thin the scope of theterm"Cl al kyl - A_\_\_G

and the like.
As used herein the term “N,N-C;-Cs dialkylamine” refers to a nitrogen atom

substituted with two straight or branched, monovalent, saturated alipbatic chains of 1 to 6
5 carbon atoms. Included within the term “N,N-C;-C dialkylamine” are —N(CHas),, -
N(CH,CH3);, -N(CH,CH,CHz)s, -N(CH,CH,CH;CHs),, 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 “C,-Cg
10  alkyl-N,N-C;-Cs dialkylamine” are the following:



pi peridine” are the followwing: N~/ N, NCO N. N o, W 03/091243

PCT/ US03/ 10466 -1 and the like. As used herein the term"Cl-C6

al kyl - morwbaeBioneis refers to a straight or branched, nonowalrarsp3/1Eed ur at ed
aliphatic chain of 1 to 6 carbon atons which has a norpholine attached to
the aliphatic chain. Included withit®the scope of the term"Cl-C6 alkyl 5
nor phol ine" are the following: NON- ~O r'Or'O J NJ N%~/~N and the
| i ke. The conpounds of the present invention contain a tetrazole ring,
which is knowmn to existlas taut omeric structures. The*tetrazole, havi ng

t he doubl e Qond on the njtrogen A0 m at t he~d-position-and t he hydrogen
on the nif?gEen,atoﬁféfﬂ%he 2-p6§??rgﬁ is named as a 2H tetrazole and is
represented-by the following structure. N NH N N ZA 15 The
correspondi ng tautoneric formwherein the hydrogen is at the_nitrogen atom
at the 1- position and the double bond on the nitrogen atonfat the

4-position is nanmed as a 1 tetrazgle. Jhe lHtetrazgle i Nyepresented by
thefolhﬁﬁhgjbrmﬂa»A&/\Jy ’ K%\/ifi\\ , ‘ :
\ y N
>~(\N/\/ . N(\ KNS AN
K/ , XN K/ , ,
and the like.

As used herein the term “C1-Cs alkyl-pyrrolidine” refers to a straight or branched,
monovalent, saturated aliphatic chain of 1 to 6 carbon atoms which has a pyrrolidine
5  attached to the aliphatic chain. Included within the scope of the term “C;-Ce alkyl-
pyrrolidine” are the following:

NN D
yX\/ )

and the like.
As used herein the term “C1-Cs alkyl-piperidine” refers to a straight or branched,

10  monovalent, 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;-Cg alkyl-

piperidine” are the following:

oy \ I
w oSN ’
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NH 20 Mxtures of the two tautoners are referred to herein as
1(2)Htetrazoles. The present invention contenplates both tautoneric forns
as wel | awotobeIraedrbi nati on of the two tautomers. The desipgmatSodm4sef ers to
a bond that protrudes forward out of_ the plane 25 of the page. WO

03/ 091243 PCT/ US03/ 10466 -8 The deézgnatlon refers to 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
f or mul aand thalikenpound of this invention can possess a sufficiently 5 basic
functional grou Sl and
organic aci é’ﬁ B?mefrglprﬁ} %%p ar rlracseu% }3}&élgcépt ab?él Sgglg%lp&{rlﬁgﬁuhgcrlm

" phar magpubidadt] sanaseeatipllte chaintof las dmﬁtbnfmms whichdfagesnarphaliet s of t he

conmpounds of fornula |. which are substantiall n-t oxi o living

or gani sAachey b the rliphtigchaige Jogledad ‘Vlt]%}E‘nlé%icﬁB‘%/gpglﬁlt‘?rg‘ icﬁﬂé{:ﬁﬁkylt hose salts
prepare (,J;nﬁg 10 conmpounds of the present invention with a
pha;@nacglu?e{h ygﬂaegfgeeg)?lgbl e mneral or organic acid. Such salts are al so

known as acid addition salts. comonly enployed to formacid addition
salts are |norgﬁhmc ci ds such % h ydr oetiterioy hd, hydrobrom c acid,
hydroi odi ¢ acid, &ul puric acidy ph)sphorlc aC|dL\§ "the like, and organic
aci ds such as p-toluenesulfonlc met hanesul fonic~acid, oxalic acid, p 15

br onophenyl sul foni ¢ acid, carbonic acid, succinic aC|d citric acid,
benzoic acid, acetic _.acid, trifluoroacetic acid, and the || o Exanpl es of

such pharnmaceuti cal @cept\ able salts are the sulfate, PYY] haJ” fate,
bi sul fate, sulfite N uI,fi{)é,\/ﬁﬁosT)ﬁa(eﬁ ronohydrogerphesp

di hydr ogenphosphat e, netaphosphate, pyroghosphate, broni de, |od|de,
acetate, trifluoroacetate, propionate, decanoate, caprylate, acrylate,
format e, A t'mgr ochl ori de, dihydrochloride, isobutyrate, caproate,
hept anoafle propi ol ate, oxal ate,

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
10  atom at the 1-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.

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 1.H-

tetrazole. The 1H-tetrazole is represented by the following formula.

N—N

\

/4 /\N
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 “ —===8 “ refers to a bond that protrudes forward out of the plane

25  of the page.



mal onat e, succinate, suberate, sebacate, funarate, nuleate,

butyne-1, 4-di oate, hexyne-1,6- dioate, benzoate, chlorobenzoate,

met hyl bervoas®9123/dr oxybenzoat e, net hoxybenzoat e, pht hal ®C&/US03/10466

xyl enesul f onat e, phenyl acet ate, phenyl propi onate, phenyl butyrate, citrate,
| act at e, a-hydroxybutyrate, glycol at®, tartrate, nethanesul fonate,
propanesul fonate, 25 napht hal ene-I-sul fonate, napththal ene-2-sul fonate,
mandel ate and the like. Preferred pharnmac t| cal |y acce tab}_l cid
addi ti on sal The destgnabioné 1'8Y' He'drafes fio apomedt et profrydeshackw %FSSChI oric
acid and hgdfﬁergggc acid, and those forned with organic acids such as

mal ei c g%ain EFFE aci d, triofluoroacetic acid, and nethanesul fonic acid.
It shoul d beThQQQ@mmbﬁdmﬂhaﬁth&bwhabsMﬁUhaphmmummakmﬂwa@mpnbh@abs@%rt of

an alt of 30 thi nvention 1. of a tical nat I
as the qonwadwfcf' JPEnHE | prnetn L B RREIE: AUIAE g ac the'
count er k,0n Ao g&m&m&f? V\%‘?re'zlm mdomlﬁ%e@%i%%gaagwsg@dnwaa -9
qualities o as a further understood that such salts

may exi atidago &nﬂw;ﬂlneanmcem@alllyse@ep@bbwﬁlt the term"stereoi soner” refers to

a conpound sa at omg, bo d havi ng
different t ﬁggtﬁﬁ‘n@h@%&ﬁﬁ}ng@?@&f%} %E" g%u?%l ﬁf?egnrs{% |{r§% gﬁ%%@?\%eab | e.
The t hr egmdbirRII i aitdulst wfchla&@@bafaﬁuﬁg} hegetogtbilyingdrparisms. ABypis#d her ei n,
the term"éenantionmer” refers to two Stereoi somsréhwhose bﬁcul es are

nonsupemphapgsaticellyreqepiablanala nchidedhrse salkt Prapare RE 193eHR oL WP r al center”
refegs t 8m%our§a‘%g>? @*ger %E}n(?/e%{\@(%f@ltﬂg ar‘ilﬁéccgl?t'icﬁm/ 2BEPHBE: RiRrAbE ached. As

uset” her” I'as eoner refers t0 stereoisonmers which are
not enarnkgMi®edcsd. Suchads hne@ﬁsolﬂmnle@adldamlﬂémcmbm whi ch have a different

ng{ Ing:’J;atl on a é:roﬁrg%onl oxﬁggg}pgql 8’(0 ent%ﬁﬁ%(ﬁ? trérareedllgrog,amc%gﬁsgu&
modi fi C%&@hmnﬁ %&%fh;l}cﬁo&oﬁhéﬁéiaehyaim@&luaéldp@ﬂﬁﬁlc@tldepmtphmmd afile term
"enantiomeric enrichnent” as used herein refers to the increase i.n the

anount  dhe bke aamenganmraerdsagclcmmlweﬂéfqnﬁe eI B 2 Ehod of
cnabt orfSrreBpaQustig piscins Fll FOTFTinchE SR B ni 0P oBBRERE T o
ee = H mldgﬁlﬂﬁoi&&etlc acid, and the hke. Examples of such pharmaceutically acceptable
salts are the sulfate, pyrosulfate, bisulfate, sulfite, bisulfite, phosphate,
monohydrogenphosphate, dihydro genphosphate, metaphosphate, pyrophosphate, bromide,
iodide, acetate, trifluoroacetate, propionate, decanoate, caprylate, acrylate, formate,
20  hydrochloride, dihydrochloride, isobutyrate, caproate, heptanoate, propiolate, oxalate,
malonate, succinate, suberate, sebacate, fumarate, maleate, butyné—l,4-dioate, hexyne-1,6-
dioate, benzoate, chlorobenzoate, methylbenzoate, hydroxybenzoate, methoxybenzoate,
phthalate, xylenesulfonate, phenylacetate, phenylpropionate, phenylbutyrate, citrate,
lactate, a-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.
It 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



E + E2 20 wherein El is the amount of the first enantiomer and E2 is the
anount of the second enantioner. Thus, if the initial ratio of the two
enant i omewe 03998@ 50, such as is present in a racen c m PCEASHI/HAG0 an
enantionmeric enrichnment sufficient to produce a final ratio of 50:30 is
achieved, the ee with respect to the-first enantioner is 25% However, if
the final 25 ratio is 90:10, the ee with respect to the first enantioner is

80% An ee of greater than 90%s preferreg, an ‘{i{eﬁaff reater than 95%is
most pr gfditice td thagalhas aavhete. Jf isdidherpngderstoggdhat suqhyiafts Eg’ﬁféé’ish‘l‘sﬁ/ preferred.

EnantiOﬂe iac enrichnment is readily determ ned by one of ordinary skill in
the art U |tﬁg standard techni ques and procedures, such as gas or high
per formance Aisgediherbing thrttom Spdryoivsrhér” aefetsito alcompbumdimadhey efthesampe

appropriate 30 _chiral coluym, elyent C itions necessar fect
separ at ia@ms(honfl%b}éﬂ@ﬁﬁm&%@iﬂﬂ%but Y‘F‘g%gg‘?@(#lq el LN %sttj‘ggl%%f one of

ordi par b frdter ar trhe e dnkRal stheur&natilRaRbAf@frattemRpAEnds of
for n%l a%fa?éﬁlﬂt%ﬂgﬂ?ﬁeégg?lveg gy gne of or?ji nary skill in thegjart WO 03/091243

PCT/ USO 3kdd166in, the Gorusengntitnaert] safels tabrmstefigeisomers whase meleIs e art, such

as those descri bed J. Jacque et T b s, and
Resol ut iHBH?P?n@Bﬂ%bWWWrd g@o Sne n%f}%r. 198 Emhég?{ggéﬁ%%e&ﬁ%g&o 'Eghe present
i nvent i QRLBAKRNPREWRIch ToURli flichBdrogRtre iitachad. ARYysedherait, thateamvari ety of

stereoi soneric configurations. As a consequence.of these chiral 5 centers,
the compdiastgrsoners’ mafcpyte stareolsomanhish AT RYlenaRliqnars iy aditioy, E’Ychr es of

en a?[} | 0 rﬁ%{sfer&gﬁer?&/hﬁdﬁ%% %’i‘%ﬁ@ﬂ&%ﬁ SiFEfich atthly\Ehd cliid] i Tafs REFRIIS0and

m xtures 0 i ast ereomners. I" such”racenat es, enantioners, and,

di ast er ¢erai s "=pinetis't. HTle tehes Yoomeste ofratéreicpnistwelt or "mcent¢ madifitadon’er s " R
and "S" are used herogi n a[s conFDnI used in organic chemstry to 10 denote
speci f i deisbiona GortwEe a8 PATE AT PPUABKCer . The term "R’ (rectus) refers to

that confi gufatiien " Qfanforhli¢ SlrichfiRhe as thdd hereit refelsvtb sigs ineleadeiintishi p of

group priorities (highest to second |owest) when vi evvetg IE%% t he bond

towar d tdneunbeleete queitiernenasgomppred 1 the qtlgrmA converien| ae ?@? O} @PEFSENEo t hat

configuration.of a chiral . | : 1 &lhonshi p of

group priforiaiRRelis PRk enifg&ég%egﬁ%{qggéggﬁ'Bmﬁ{l%gﬁgﬁgf%% t he bond
which is found using the following equation:

ee = E'-E*> X100
E'+E’
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 mixture, 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



15 toward the lowest priority group. The priority of groups is based upon
their atomc nunber (in order of decreasing atomc nunber). A partial |ist
of prioriwDeg/osme a discussion of stereochem stry is contrairnsd3/ices
"Nonencl ature of Organi c Conpounds: Principles and Practice", (J.H
Fletcher, et al., eds., 1974) at pa$es 103-120. The specific stereoi soners
and enanti oners of conpounds of fornmula (I) can be 20 prepared by one of

ordinary skill in the art utilizing well known techni ques and processes,
such asudifstendiird techsiguesoyelEknesyn yilie vit) igh as those deseribed &Y fJaciehani ¢

Conmpounds”,..  John W] e Sonsg., Lnc.. pasgt i on of
St er eoi g‘on@%".uoﬁéegﬁll{ﬁ“égﬁ%%, g&eﬁ?q%té?l?%ﬁj%ﬁgr@ %@?@gt ﬁg'ﬁgé 'l en,
" Enant i oner sTh&R8GRPRIRS of BrERE0IvEitDALAYe odohnmie dhyrakeeBEnsand mey , 1981,

For exanple, the specific stereoi soners and enantioners 55 can be prepared
by st er exsiineivetietynfistonecisomaris GOy swaRemso s 3 CASPYeRFOl Bsr‘?‘éﬁlrrfﬂcal ly pure,
or enantionerjca ﬁ[@ﬂ e rdcehies raddididsNphis@iegoral s. I'n

addi ioﬁe,n??rﬁ’ethe gébrgﬁ?ﬁdégg ere%%egglhggrgﬁ)grg enant | oner 3 (1:an_be resol ved and
r ecover gghnkiymeacdhidi oy iodivisualenansordérs cisenadlgpsaiiasjerermert iand mixtuegs odnar y

phases, enzymatic resolution or fractional . .recrystalllizatio ddition
sal ts f GiapEEPOBPrY: e%ﬁémbsra&%ﬁe?’ SPaI{tWQ'terﬁaﬁ?(ﬂ)glsaét?r%gl%%re(‘:@{rlrlb%tgl ﬁ’géo%%f fornul a

| can becpr b¥idogchni ques and procedures readily available to one of
or di nar?f@f?)??seﬁﬁnt%je art. More specifically, conmpounds of Formula I can

be cheni cal | fhptepar'By and b3" @zamsf) kereipys coNMewlysee HEOLEIWE KBENSTY fut es set

forth in the WD.,03/091243 PCT/ US0O3/ - h However, the
f ol +Bwi H&“‘ﬁ?% éﬁ‘i?ﬁl%' raﬁ%ggﬁ?@ﬁa gé&?@%@%&% ﬁg&%lger%%\é%_togcgpe of the
present chiyeRiticofiathaay cedet.- wittos clexlanist elattdnehip pé gidupgrivyitichéighesst eps f or

t he route described herein maybe conbined in different ways t repare the
conpoundssecend fayastlivehen viewsd alepgbe bppd fveard thy 18%@“6’5’?95‘%%"'%@? cated, are

as previg S-losyv égﬁfskﬁf%ﬁ%{?toqﬁgt &’E’ﬁ%ﬁﬁiﬁﬁn t@ﬂ&' cBitAEhiBgwiR bbbk eiseeadi | y

avai | abl'e ne o Inary sKki e art. For _exanple, certain
starti ngelamdrehipadferagnpieitiss highest| thsecomblovfesty miien aisyvedialong thebende ar t

fol | ow d di scl osed jn_Uni.ted. Stat 356, 902
('s3Bou Qi et lovest PricySy SR T8O RGBT S EEITHR) SRt 158 HOpEs) ang
5, 670, 5hﬁnﬁ)k§§ff%fhe§%%@dir%{ng2a’§@mic1&%)eg hepatibl lise of pribwtidsandal | of whi ch,

are herein incorporated by reference, OQther 10 necessary reagen s and
start i nglisvatsion off serbeghemdiribis coniained se' araencaiyreipt Qrganc Hympounds:

Principles and Practice", (J.H. Fletcher, et al., eds., 1974) at pages 103-120.
The specific stereoisomers and enantiomers of compounds of formula (T) 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 & Soms, 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  can be prepared by stereospecific syntheses using enantiomerically and geometrically
pure, 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.
30 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
can be chemically prepared, for example, by following the synthetic routes set forth in the



procedures which are selected fromstandard techni ques of organic and
heterocyclic chem stry, techniques which are anal ogous to the syntheses of
known st rwotoassd2hy sim | ar conpounds, and the procedures aesarsvbedes n the
Exanpl es, including any novel procedures. 15 WO 03/091243 PCT/ US03/ 10466
-12 Scheme | NNO HHHNONOH HbENH H Conpound A 10 NN O HHH N
Nl NOR HNH H15 Formula I I'n Schene |, conmpound Ais esterified to
provi de the nonoester of fornmula | under standard condifions well known in

the art Scteore bl Hewevenfwuntomngdlisneien Fagt irended spbelimitmg ta e gani ¢

sol vent ' i i ; i -
Exanpl e g? oggxi%?ﬁ@s@nﬁ"fnﬂf&tﬁmsiﬁ ahpllag. a0k dxarfiple/tha Spéryfit Salktetit sepafird.

ol cohol ThepPpyFScTRPE BRI ML Bp FRBpReLIL eI B RreR e oo mrP BBt v
al cohol of torillyl . AL elwdtitucpeNinylkss otherwise indicated, are as previously defined.
5  The reagents and starting materials are readily available to one of ordinary skill in the art.
For example, certain starting materials can be prepared by one of ordinary skill 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



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 |i ke.wOha/oorattion is heated at about 25 40C to about PE@E@SOdI04adOUt 4
hours to about 16 hours. The product is then isolated and purified using
techni ques well known to one of ordilAary skill in the art, such as
extraction techniques and chromat ography. For exanpl e, the above reaction
is cooled, diluted with a suitable organic solvent, such as ethyl acetate,
washed with saturated sodi um bi car Bhg8el brine, dried over 3o anhydr ous
magnesium sul fate, filtered and concentrated under vacuumto provide the
conmpound of formula |. Jhixg material may be fysther purified by flash

chr omat ogr aphy on siIUpaégs\végtﬂ a smltagﬂe el uent such as et hyl

acet at e/ hexane. WD 03/DQ1 B\SPON . 1S ternatively, conpound A
ent ind tPEated with an excess of

is dissolved in a suitab organic

t hi onyl chloride. Exanpl of suitg Qr ganjge sol vents are anhydrous

met hyl al cohol, ethyl al cohol, propyt” abcohol, isopropyl alcohol, butyl

al cohol , isobutyl alcohol, t-butyl alcbhol, pentyl al cohol , isopentyl

al cohol, hexyl al cohol, 3-nethylpg &éélnﬁ' Icohol 2- et hyl butyl al cohol

n- heptyl al cohol, n-octyl al cohol, al cohol and the like. The

solution is stirred at reflux for about 1 to 3 hours, and at room

tenperature for about 8 to 16 hr. The m xture is then concentrated under

vacuum and the residue is purified in a manner anal ogous to the

proiﬁdures descri bed above to provide [the prodrug nonoester of fornula I.
e pharmaceutically acceptable salts of formula | are readily prepared

by one of ordinary skiN—Nn the art using sta@dard techni ques and

procedures. For exanplg%\th abovéI erducﬂils suspended in diethyl ether,

whi ch has been saturat e ~n € is stirred for about 1

to 3 hours. The precipitate is thet |ered and washed with diethyl ether
under vacuumto provide the pharnmace 4 dcceptabl e salt of the prodrug
15 nonoester of formula |I. The foll owm ng;exanpl es represent typical

synt heses of the conpounds of fornula | “"as described generally above.
Thesa exanpl es are illustrative only_and e not intended to limt the
invention in any way. The reagents éiting materials are readily

available to

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 suitable organic solvents include, methyl alcohol, ethyl alcohol, propyl
alcohol, isopropyl alcohol, n-butyl alcohol, isobutyl alcohol, t-butyl alcohol, pentyl
alcohol, isopentyl alcohol; hexyl alcohol, 3-methylpentyl alcohol, 2-ethylbutyl alcohol, n-
heptyl alcohol, n-octyl alcohol, decyl alcohol and the like. The reaction 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 sodium bicarbonate, brine, dried over
30 anhydrous magnesium sulfate, filtered and concentrated under vacuum to provide the
compound of formula I. This material may be further purified by flash chromatography

on silica gel with a suitable eluent such as ethyl acetate/hexane.



one of ordinary skill in the art. As used herein, the follow ng ternms have
the nmeani ngs 20 indicated: "eq" or "equiv." refers to equivalents; "g"
refers towvgramsr243 ng” refers to milligranms; "L" refers t®cCiuses/si466 m"
refers to milliliters; "Urefers to mcroliters; "nol" refers to nol es;
“mmol " refers to mllinoles; "psi” A¥fers to pounds per square inch; "mn"
refers to mnutes; "h" refers to hours; "C' refers to degrees Cel si us;
"TLC' refers to thin | ayer chrorratography "HPLC' refers hi

per f or rranceAlqueﬂilelEmOﬁmﬂmbAaﬁ)ﬁlﬁso Iygl i asuitghle 0eapis sokyant &r. on

downflel fromtetrane a " N " "
fofer o Tt iR Erh F IO et SP S et s Rb e e %&nﬁﬁén@%?@éd%‘%Q a0
refers hRuAUNREMS, ethif Aol rpecf;@ﬂ slcbholeishydopykzéctcéme ‘butyil E‘b@h@i“ isptek s to

o Lo et o BB SRS s b ol ™
03/ 03912;1/@?1]?? yﬁl&ﬁ&&ﬂ%@&h& 3141 ?‘%ﬁ 21cbhdith- B@fyﬂ aie6hol 5dec§1 alcohol and the like.

|1)-"eth ro-1soqul ho 3-carboxylic acid et hyl -butyl ester NN
N H 5 The solatibmisi stinredfat £f15x gor(bodt hmﬁ )101@13, and at room temperature for about

S a T R Mo e
2232- 2244 annd; 192%@0%6'{15 {4 the P&E@lﬁ%s &&cnﬁe@aﬁ%wé i6provrisulespBdpicantyarest2B, 1997))

in 10 20 m of 2 | -1 - utanol, 6.8 mM (92.8 mmol ) of thionyl chloride is
added. ofiforswlakion is stirred at 120C for 3 hr. The m'xtureyis

co centrate vac | e residue
nJp((ﬁrl fi edﬁlB? ?%ﬁgﬁy H}%{aﬁ% g#? Mgﬁﬁﬁle taﬁ%gd@%}%aorg% BIEI: ae_fgt rospray
I\/as S Spegdifiariskitih the &64smg dtandacd ngeheigfes and procedures. For example the above

6-[2-(1H Tetrazol -5-y -
| Sgbug y prosiickis suspended in dletﬂgr/l ethe?‘ev%ﬁ'hﬁglgso bele%l% turar%eo(i wﬂﬁ IfCng%r b?ﬁg lic acid

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; "pL" 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; "°C" refers to degrees Celsius; "TLC" refers
to thin layer chromatography; "HPLC" refers to high performance liquid chromatography;
25 "§"refers to part per million down-field from tetramethylsilane; "THF" refers to
tetrahydrofuran; "DMF" refers to N,N-dimethylformamide; "DMSO" refers to methyl
sulfoxide; "aq" refers to aqueous; "EtOAc" refers to ethyl acetate; "iPrOAc" refers to
isopropyl acetate; "MeOH" refers to methanol; "MTBE" refers to tert-butyl methyl ether,
and "RT" refers to room temperature.

30
Example 1



NN NHO H 20 Prepared according to the procedures essentially as
described in Exanple 1, above, using 20 nL of 2-nethyl-I|-propanol to

af ford ofwOhe/09i283 e conpound. El ectrospray Mass Spect r umpCIvRIS03/1B86. WO
03/ 091243 PCT/ US03/ 10466 -15 Exanple 3 6-[2-(2H Tetrazol - 5-

- et hyl - decahYdr o- i soqui nol i ne- 3-cartxylic acid 3-nmethyl-butyl ester 5 N
-NO NNHO NH Prepared according to the procedures essentially as
descri bed in Exanpl e 1 10 above usi ng using 20 niL of 3- net hyl -ll - but anol

asaapmolipend-geEkox vite acid 2rgthylbniyl - 350,

Exanpl e 4%
6- [ 2- (1St razol - 5-yl ) - et hyl | - decahydr o- i sogui nol i ne- 3-car boxylic acid
decyl ester 15 NNNO HHN HA solution of 2.5 g (8.4 nmol) of

6-[ 2- (1H Tetrazol -5-yl)-ethyl]-decahydro- isoquinoline-3-carboxylic acid
nonohydrate in 50 m decyl alcohol saturated with

NN

N\ /)\/”1 H |
N 0
N /\i\

To a solution of 2.5 g (8.4 mmol) of 6-[2-(1H-Tetrazol-5-yl)-ethyl]-decahydro-
isoquinoline-3-carboxylic acid monohydrate (prepared as described in J. 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.

i5
Example 2
6-[2-(1H-Tetrazol-5-y1)-ethyl]-decahydro-isoquinoline-3-carboxylic acid isobutyl ester
e W ~
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.



20 hydrogen chloride (g) is heated at 120C overnight. The m xture is
concentrated in vacuo and the residue purified by SPE (Gasis HLB) to

af ford t wotmwdesxonpound. El ectrospray Mass Spectrum M-PCEUSBD1046EXaNpI €
5 WD 03/091243 PCT/ US03/ 10466 - 16

6-[ 2- (2H Tetrazol - 5-yl ) - et hyl | - decah$dr o- i soqui nol i ne- 3-carboxylic acid
ethyl ester NNO HNO'rT NHA solution of 6.0 g (21.5 mmol) of

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

heated at reflux overniaht . The INGALLAL 89 5nMAGH Lo due i s

suspendgged N diethyl ether and heated at reflux for 3 hr. The solid is
filtered and rinsed with diethyl ether to afford 7.4 g (100% of the title
conpound. 10 El ectrospray Mass Spectrum M+ = 308. Particular Aspects of
the conmpounds of Fornmula I: The followng |list sets out several groupings
of particular substituents of the conpounds of Formula I. It will be
understood that the conmeygds of Formula | ha.ing 15 such particul ar
substituents represenﬁ(paq icular aspggts of phe present invention. It will
be further understood t\ achpf epe~grouyri ngs may be conbined with

ot her provi ded groupingg?iEE/?;é= 111 Yaddi @ onal particul ar aspects of
t he present invention. Thus, a pa aspect{ of the novel conpounds of
Formula | is one wherein: (a) R repke s""C1- O o~pl kyl , C2-C6 al kenyl,
Cl-C6 al kyl -aryl, Ci1-C6 al kyl-(C3- 2 (HC10)cycl oal kyl, Cl1-C6

al kyl -N, N-C1-C6 di al kyl ami ne, Cl-C6 al kyl- pyrrolidipe, Cl-C6

al kyl - pi peridine, Cl1-C6 al kyl -norpholine; (b) R represents Cl-Cl0 al kyl or
C2- C6 al kenyl ;

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.
Flectrospray Mass Spectrum: M+1 = 350.

Example 4
6-[2-(1H-Tetrazol-5-y1)-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 concentrated in vacuo
and the residue purified by SPE (Oasis HLB) to afford the title compound.
Electrospray Mass Spectrum: M+1 = 420.

Example 5



(c) Rrepresents Cl-Clo alkyl or C1-C6 al kyl-aryl; (d) R represents O -C10
al kyl or Cl-C6 al kyl-(C3-Cl o)cycloalkyl; 25 (e) R represents Cl-Cl0 al kyl
or Cl- C6 wblogloordsN- Cl - C6 di al kyl amine; (f) R represents @CTATBO3/al4ke/| or
Cl-C6 al kyl -pyrrolidine; (g) R represents Cl- C10 al kyl or Ci1-C6
al kyl - pi peridine; (h) R representsl®l-Cl10 al kyl or Cl-C6 al kyl - nor phol i ne;
(i) Rrepresents Cl-do al kyl; WO 03/091243 PCT/ US03/10466 -17 (j) R
represents 2 et hyl butyl, |sobutyl 3 nethyl butyl,_deQ I et hyl; or
h2-€ 2k atrapo] 2 al O} Y B¢ Vi BF er'n Vi Vo
data, in rats dogs and naneys exenpllfy the |nprovenent in
bioavallablllty of the nnnoester prodrugs of the present invention over the

nonoaci d of 0

(3S, 4aR, 6R, 8aR) - 6-[ 2- Zx tetrazol e- -1,2,3,4,4a,5,6,7, 8, 8a-
decahydr oi soqui nol i ne- Pfaxik}y?¢ﬁ A : b”bavallablllty is

determ ned using the follow ng eq AU(? x dose i.v. x 100 = %

Bi oavailability AUC i.v. dose p.a o ei NAUC represents t he area under
the curve, p.o. represents oral dose; i.v. 15 represents intravenous
dose. Bioavailabili in Dogs: Beagle dogs (2 nmale and 1 fenmale) are

adm ni stered ,an ,.a ater an A ) N ) ;

(3S, 4aR, 6R, 84R 016‘{1?% °?1§§)%+&it PN gé' 'Q?ﬁﬁlg‘“%f"?sﬂ) eylldegalydie-o 0 2 0
dec aehydEs%hﬁfﬂ@ﬁhélgldaﬂ%x'y‘h&@dl@@tﬂioh?dratél ifl 7@1@L msgbtlﬁgnqii saturdted) i tiydvagent o
determ ne oral bioavallabiljty Subsequently, the sane three dogs are

admi ni sthklogde A8) op dicated figr @fblx QvaBight ahhedRighure 18 fopgentrats &% ARG %
(3S, 4aRs%§e§@e? 1.? déétﬁgl(%lé Ca%ﬁdt z Ofrf“@&tc@nt?até’d »ESIMb.- The residue is suspended in

1,2,3,4 I'soqui nol I ne- 3-carboxylic acid ethyl ester,
HCL sal Wettiyd eﬂabetaadmemedwheeﬂm:r for ehmpr Bhie safidnsuilterechandaiseedovishdidindbi | i t y

of the %‘31%1(? Pc;[ affo % 4¢g (1%0%) 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 novel compounds of Formula I is one wherein:
(a) R represents C;-Cyo alkyl, C>-Cg alkenyl, C-Cs alkyl-aryl, C;-Cs alkyl-(Cs-
20 Cio)cycloalkyl, Ci-Cyg alkyl-N,N-C;-Cs dialkylamine, C;-Cs alkyl-
pyrrolidine, C;-Cs alkyl-piperidine, C;-Cs alkyl-morpholine;
(b) R represents C1-Cig alkyl or C,-Cs alkenyl,
(c) R represents Ci-Cyo alkyl or C1-Cs alkyl-aryl;
(d R represents C1-Cyo alkyl or C;-Cs alkyl-(C3-Cio)cycloalkyl;
25 (e) R represents C1-Cip alkyl or C;-Cs alkyl-N,N-C;-Ce dialkylamine;
® R represents C1-Cio alkyl or C1-Cs alkyl-pyrrolidine;
(2 R represents C1-Cyo alkyl or C,-Cs alkyl-piperidine;
(h) R represents C1-Cyp alkyl or C;-Cs alkyl-morpholine;
@) R represents C1-Cyo alkyl;



25 plasma concentrations of

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

1, 2, 3, 4, MPD3691248, 8a- decahydr oi soqui nol i ne- 3-car boxyl i ¢ &CTAISAB/E466
determ ned by LC M5/ Ms. Study Methods: 30 Live Phase:

(3S, 4aR, 6R 8aR)-6-[2-(1(2)Htetrazoléd=5-yl)ethyl -1, 2, 3, 4, 4a, 5, 6, 7, 8, 8a-
decahydr oi soqui nol i ne-3-carboxylic acid (HO salt) is dissolved in dilute
sodi um hydroxide for oral admnistration (30 r’r{g{)ml) and in_10%

et hanol / wat @) f or Ritgpresenis Prievi Autiybasobutyl. fgmegihyT butyl, decyl, or ethyl; or

(3S, 4aR, 6R, 8aR) - 65[ 2- (| trazol e-5-yl)ethyl WO 03/091243

ber) Usoal rolige - Reptesdid Enif
1,2,3,4,4a,5,6, 7,8, 8a-decahydroi soqui nol i ne-3-carboxylic acid ethyl ester,
HCL salt is dissolved in water for oral admnistration (30 ng/m ). Dogs
wei ghedP 1Results kg, 5 Results: The oral bioavailability for

3S, 4aR, 6R, 8 ad G2 i | Reo: hik - e lify the improvement

1, 2%, 4, 4a, gﬁ%fgl—o&%&l&@a %%rlg?%g’q(%fgﬁglﬁ %12 3- c’arng)nfylf%’ C aC|pd was

det er ni irebiobvaibbilitBes the mahogster phdrugs of the present invention over the monoacid of

3S, 4aR, -G-[2- tetrazol ex5; Vvl - 34, 4a,5,6,7, 8, 8a-
decahyd?gﬁ’g%g%ﬁ%%)"ﬁ'ﬁgféglﬁwpFeég'gg?tgyléi’%t%PM%aS%g’%( L salt) was

adm ni srdgéa@lgdrogsgqgihgﬁﬂ@ig,Jcaﬁjokg,ﬁyadimcreased to 33.1% The use of the prodrug
form 3S, 4aR 6R 8aR)-6-[ 2- ) . i )

(1(2) Ht et r Bexseri-bioaypilehilitnis detprmingd nsing ths follgvimg. equalitiydr oi soqui nol i ne- 3-¢
ar bf&éyl ic acid ethyl ester (HCL salt), provided approximately a 2 fold

i ncrease in bi oavajlabi Iit&/ over thgy&g{)g@haﬁg{ . Tables 1 bel ow

summari zes the ph%&%&ﬁki’( EFeCpal®anet’ers” found °f or 15 Conpounds A and B
following 1 ng/ kg i¥i st9°8EPSh (i.v.) or 10 ng/kg administration (p.o.)
to Beagle Dogs. Table 1. Pharnmacoki netic Paranmeters of Conpound A in Beagle
Dogs af tdrerein AH K gepressais thit ares HpdsiHee AI{G- Py TeRbeFeRs PiRleior% 611(3 b¥e of

Co un . ter 20 Prodrug Conpound B (p.o.). Conmpound Tmax
QrgQAu%e@??e%%lg@ae‘gélﬁ%dd‘%ﬁr) (ng/nL) (ng hr/nL) Bioavail

Bioavailability in Dogs:

Beagle dogs (2 male and 1 female) are administered an oral dose, and later an v
dose of (3S,4aR,6R,8aR)-6-[2—(1(2)H-tetrazole-5-yl)ethy1—1,2,3,4,4a,5,6,7,8,8a—

20  decahydroisoquinoline-3-carboxylic acid (10 mg/Kg p.o; Img/Kgi.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,82aR)-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: (3S,4aR,6R,8aR)—6-[2-(1(2)H-tetrazole-5-yl)ethy1—1,2,3,4,4a,5,6,7,8,8a—
decahydroisoquinoline-3-carboxylic acid (HCI salt) is dissolved in dilute sodium
hydroxide for oral administration (30 mg/ml) and in 10% ethanol/water for iv
administration (10 mg/ml). (3S,4aR,6R,8aR)-6-[2-(1(2)H-tetrazole-5-yl)ethyl-



A (acid), i.v. - 2,820 4,220 - - (1 ng/kg) A (acid), p.o. 4 1,227 7,577
18.0 1 (10 ng/kg) B (ester),p.o0. 4 1,662 13,953 33.1 -2X (10 ng/kg)

Bi oavai | awDlodwg12uh Rats Mal e Fi scher Rats are adm ni st er e@Ca#iush&ro4em or al
or iv dose of (3S, 4aR 6R 8aR)-6- 2 5

[2-(I (2)Htetrazol e-5-yl)ethyl -1, 2,384, 4a,5,6, 7,8, 8x- decahydr oi soqui nol i ne-
3-carboxylic acid (30 ng/Kg p.o; 10ng/Kg i.v.) to determ ne oral

bi oavai l ability. A separate group of rats are adm nj stelr_ﬁg an_oral 10
mg/ kg db283.4a,5.0, %% Sedeqahydiotrgqumelinestsaispaylicsacd gthyestesF1Ch salils 6.

[2- (L2 vetrazole-B - B § ) weighbd béiweh 18130

03/ 0912 ’§S%€ff;lﬂ§&7rlfgﬁ@éuﬁ@1%%géﬂ %Pr% é@&u?ﬁ% i nleg- 3-car goxyl I c acid ethyl
ester, kil salt) to determ ne whether the prodrug would increase

bi oavail ability of the parent acid. The plasnma concentrations of

(3S,4aR, 6R 8aR)-6-[2-(1(2)Htetrazol e-5-yl)ethyl-1I,2,3,4,4a,5,6,7,8, 8a
decaghydraj.spqui nol i ne- 3-carboxylic acid are determned by L MS/MS. 5

St u?y NB%F‘I%%S: Li ve Phase:

(3S, 4aR, 6R, 83R} ofil bvafdilb)litytfet BSAaRCRBaf)-PdLH} ()M tetrazole-aaD)sthgl-7 8, 8a-
decahydr gj i nol | ne-3- car,boxyl i c.acid (HCL.sal.t). i .S di ivBo,di | ut
S0 U 1k s el S e S AR OF B tatp TS ity s G 1ot T 1t €

et hanol £ r 194106 RERR V652 ) RetfakOlenyitthyl-1,2,3,4,4a,5,6,7,8,8a-
(3S, 4aR,n)é\@R§%am [2-(1(2) I—I—’t]e?rglza(g? o 5o /e

4 | ).et hyl - . .
1, 2, 3, 4 ddeah5deispg@neknatdcarbpdyes 30¢ Eﬂlﬁkﬁs¥eﬁ&{@L salpyEasAdpnistersd: et hyl ester,

H alt.is .. diss | r r p(;g]_ﬂ% ' m.). Fischer
nac:je(§34 l%aa?léa%\%@?gﬂhc}fﬁage& B)e%%v%\ﬁe(g’h T}%él S%)(B)?%ﬁ? g a g&rﬁﬁq,fifégf@%@gé%) sanpl es -
are col l(e@yEdetaizoR-Byl)dthyl21,24,4,4a,5,8,7,818-daablydzdishquigdinead-sarpexyliciagisl poi nt ) .

15 Resu Iegchsyzl ester (HCL salt), provided approximately a 2 fold increase in bioavailability over the

parent acid.
Tables 1 below summérizes the pharmacokinetic parameters found for
15  Compounds A and B following 1 mg/kg administration (i.v.) or 10 mg/kg administration
(p.0.) 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 Cinax AUC % Improvement
(hr) (ng/mL) | (nghr/mL) | Bioavail
A (acid), 1.v. - 2,820 4,220 - -
(1 mg/kg)
A (acid), p.o. 4 1,227 7,577 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 (30 mg/Kg p.o; 10mg/Kg i.v.) to determine oral bioavailability. A separate group of
rats are administered an oral 10 mg/kg dose of an ester prodrug (for example

(3S,4aR,6R,82aR)-6-[2-(1(2)H-tetrazole-5-yl)ethyl-1 ,2,3,4,4a,5,6,7,8,8a-



The oral bioavailability for

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

1,2, 3, 4, M093691248, 8a- decahydr oi soqui nol i ne- 3- car boxyl i ¢ RETWSNEH466
determned to be 3.6%in rats. \Wen

3S, 4aR 6R 8aR)-6-[2- (1 (2) H-tetrazol425-yl)ethyl 2 0

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

ester(HCL salt) was admnistered, bioavailability increased to 17.79
use of ﬂmhpiroxsoqlgmb]maﬁ-carboxyhc acid ethyl ester, HCL salt) to determ?ne whether the % The

3S, 4aR, 6R, 8a yl 4 8a-
decahydpmd%‘%ﬂ?"ﬁg[“?%é % oav%g%al/ %lfg%e‘:spcfil él%t RHO e’ls“l#]?l %11?66%3 {a?mﬁsﬁ)rgf)w ded
ggprTgE: gﬁgﬂmaiaga@ -6-p2- m(Qm@@Eelew;ymetbﬁwﬁi Baab4d5637 8Rer the parent acid.
S el ow summari zes the pharnmacoki ers found for
Corrpoundgca}%y(#ﬁlﬁoﬁllﬂ@llﬂleo%cﬁﬁ’oiﬂl%ﬁﬁi@reéjﬁmi‘?ﬁﬁjéﬁr@ﬁ&% ) or 30 ngy/kg
admpnistration (p.o.) to Fischer Rats. 30 Table 2. Pharnmacokinetic

Par anet ers of Conpound A in Fischer Rats after a 10 ng/ kg Dose of Conpound
A or thé&testMeth&isodr ug Conpound B. * npound Trmax Cnax AUC 00 Irrpr ovenent

087 bol o Tar e ﬁgf@zgé%ga@%ﬁ(é%%%é%&i5|(‘«§X""%’51 A3 IR 13 5e 0 | (30

my/ kg) Iéeéa%z(th%{s))qulﬂoﬁne 2%%@49(221&3 gﬁCl' k) 1s((ﬁ§>som@5(dl§g)hlﬁle(sad}atﬂ abilit~in C

nnonol gus nkeys Two male and two fenal e nonkeys are adm nistered an
and | at é:ydroaniqur qtekadmigfstration (15 mg/ml) and in 10% t\flanol/water forR' oral,

35, 4aR, R
GochtyaPeruagitinaid il (L SRR 1y QYN iiole Sy BedP 0 3 Ml ko). co
determ ne vunah 5,47, emaiebﬂ@idfdiiqquiﬁbﬂme@aumﬁxmyhuabld edfryéeabls o Fudadieguent | y
admi ni stered an oral /égn[i .dose oi ) .
(3S, 4aR dﬁaolsfa@)n‘aaﬁﬁlzfqrfg%a wistrafing (L3 Befpde figphermale 344 rofs weighing o g,
decahydrb%hx?e%ﬂbipg'% b DE5 IrEAMDRNY PlaSmBShpis b coBiséed at @5 dgbea e, 810 f the
ester prodrug

and 24 hr (3 rats per time point).

15
Results:
The oral bioavailability for 3S,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
3.6% inrats. When 3S,4aR,6R,8aR)-6-[2-(1(2)H-tetrazole-5-yl)ethyl-

20 1,2,3,4,4a,5,6,7,8,8a-decahydroisoquinoline-3-carboxylic acid ethyl ester(HCL salt) was
administered, bioavailability increased to 17.7%. The use of the prodrug form
3S,4aR,6R,8aR)—6—[2—(1(2)H—tetrazole-5-y1)ethy1—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.

25 Tables 2 below summarizes the pharmacokinetic parameters found for
Compounds A and B following 10 mg/kg administration (i.v.) or 30 mg/kg administration
(p.0.) to Fischer Rats.

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

Compound Trax Crax AUC % Improvement
(hr) | (ng/mL) | (nghr/mL) [ Bioavail
A (acid), i.v. - 11,022 6,727 -




i ncreases bioavailability of the parent acid. The plasma concentrati ons of
the parent acid 10 are determ ned by LC M5/ M5, Study Design Four

cynonol guwormkeys (2/sex) are given a single oral dose ofPCT(B081046@R, 6R,
8 aR)- 6- [2-(1(2)Htetrazole-5 -yl) ethyl-1, 2, 3,4, 4 a, 5 6, 7, 8 8 a
15 decahydr oi soqui nol i ne- 3- car boxyl#& aci d (3 ng/ kg) on day O, a single iv
dose of (3S,4aR 6R 8aR)-6-[2-(1(2)Htetrazole-5-yl)ethyl-1,2,3,4,44a,5,6,7,
8, 8 a- decahydroi soqui noli ne-3-carboxylic acid (0.3 ng/kg) on day 4 and a
singl e (ra(llomﬁbg)of?

(3S, 4aR|6R (8AR), - o[ 2- (1(2) H tBt razol 28-yl yet h§b- 1, 2, 3, 4, 4a, 5, 6|7, 8, 8a-
decahydnoi goaks/Rg) | Ne-3-carboxyli ¢ acid ethyl ester [(3 nu/kg) on day 8.

Bl ood scmﬁl(gsqeﬁctb_@_r ¢ colTéctedsat |[0. 9,192, 2, 374, 3, 6 ad® 8 hqurs post
dose for o(r3@ gﬁé} ng and (P 167 0/33, 0.67, 1, 1.5, 2, 3 and 4}hours post
dose for—v—dostrg—Postmy—sotutTuns—for butr the acrd_and ester arere
prepared in 0.9% sog um chlotjide. Results: 25 The oral bioavailability for
( 3S, 4arRBimvaiahiliy m & yaemolgus Mankeys, o 5 v et hyl -

1,2,3, 4,48, 578,04 m&e%ad%&@éwlé ﬁioﬁﬁmlaﬂ@bdrﬂ@l@ers@a@emylana 1@er, ah ivedose
determ ned to be 4.5%in nonkeys

( 38 4aRpBRSEaR)6584R)- 6( - OB~ éettlfaaQImSeleiﬂy)rl)le% Pfi4a,5,6,7.8,8a-

4,4 8. 8 e B3
o5t e | HELHBIstyuB RGN LR AROHIAOs WL f A S o BELRBL DML
use of bhavardityg Tiersaméanitdle 3t24d FETquSHB/ dbd6ttere@dn oral 3 mg/kg
3S, 4aR, 6R, 8 { | 5-yl | 2 5, 6,7,8,8
((jecahsdﬁm%ﬂfgd rﬂé‘lﬂ[:% @é)cgapo@i%&?fe%&g‘i’la‘ Sélﬁli‘ﬁés%é 4(3%6?_,@% pr ovVi Sed
appr oxi qgéa@g%o?sog%nghﬁgh @ai%ﬁ&l@@%d bfhyPdpR\ & dbeRhink Hthe ¥Qer ﬁrb@‘u@@’dﬁﬁﬁﬂt aci d.

5 Tabl e ummari zes the pharnmacoki netic paraneters found for
Conpou nuimrdhsemldoaﬁﬂfabilﬂtymf thg patewt acid. Bheplasmwrericsniraiiqns of ths PeRbBf gus

Monkeys. Tabl e. 4 h@éw%netl c Paraneters of Conmpound A in C nonol gus
Monkeys 25 é‘?m‘é ed by Dose of Conpound A or the ester Prodrug,

Conpound B. Conmpound Tmax Cmax-AUC % I nprovenment (hr) (ng/nL) (ng hr/m)
Bi oavai |
Study Design

Four cynomolgus monkeys (2/sex) are given a single oral dose of
(3S,4aR,6R,8aR)-6—[2-(1(2)H—tetrazole—5-yl)ethyl-1,2,3,4,4a,5,6,7,8,8a-

15  decahydroisoquinoline-3-carboxylic acid (3 mg/kg) on day 0, a single iv dose of
(3S,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
(3S,4aR,6R,8aR)—6-[2-(1(2)H—tetrazole—S-yl)ethyl-l,2,3,4,4a,5 ,6,7,8,8a-
decahydroisoquinoline-3-carboxylic acid ethyl ester (3 mg/kg) on day 8. Blood samples

20 arecollected at 0.5, 1, 2, 3, 4, 5, 6 and 8 hours post dose for oral dosing and 0.167, 0.33,
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.

Results:

25 The oral bioavailability for (3S,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 (3S,4aR,6R,82aR)-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) was
administered, bioavailability increased to 11.4%. The use of the prodrug form



A (acid), i.v. - 1,622 1,076 - (.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

i nvent i orwDusiobien3 provi des a net hod of antagoni zi ng t he AWPAUNN3/10@40R5
receptors, of the larger class of excitatory am no acid receptors, which
conprises admnistering to a pati entl-an effective anount of a conpound of

formula |I. The excessive or inappropri ate stinulation of excitatory am no
acid receptors leads to neuronal cell 15 ge or loss by way of a
nmechani s@SKaB:\0R. %)éx@rﬂé@)@de@ﬁm}e~5ﬂﬂeﬁlywéh% dapfa’.888n ~suggested to

medi at ?O%eggﬁ)%ggik r@g&g{gﬁ%rﬂéﬂ?&&hﬂ aﬁldve@ﬂoylfl%ét& CLEAED 1{6951% %ﬂlo%ﬁﬁaﬁ%% and

condi ti consequences suc neur ation” nmakes
the abat.gdsidtin@éast heb@adebbily atvértke paamtaicali cal processes an i nportant
t herapeutic goal. For instance, excitatory am no acid receptor
excitotoxicity has been inplicated in the 20 pat hophysiol ogy of nunerous
neur of ogragl 3 4L/ dé?lﬁﬁxﬁ rizdd the SHandadoRfnetit 'pr’a?&XerQ?mﬁﬁrf&bC&h ok iACAI @S
subsequent to cardiac %ypass surgery and grafting, stroke, cerebral
i scheni aB folépringli.vcar atal abiivistatiasiol GynegoigusiMonkaysa or i nfl ammati on,
e oo AL e oS BRor QOO CS TR RO JPRE, 17,
condi t i : Ol Ompptind Or feester Brodsge. Goupaind By s Chorea, i nherited
at axi as, | DS-i nduced denentia_a n'rrnnhlr | ateral sclerosis_|diopathic
and drug- | n@omeduar ki hisen] s Onseabe, AR wel | a$6 ocul afmpmwementand
reti nopathy. O her neufm) ogi(agimldi s(ngiafrsL) pBicanéd |wi th excitofloxicity
and/ or gl LitAaeid, WO D3/ 091243 ,622T/ USOBH10466 -22 dysfunction inglude
nuscul ar >p@§tnhgk§)y ncluding trenprs, drug|tol eranc¢ and w t hdr awal ,
brain ede  (2GRY, bs Veg di $OT dgf S [ NCT4@i Ng| epi , gpsSy| depression] anxiety
i d| sor jers such as postitraumati ¢ stress syngrone,

and anxiefy e
tardive d =37 ne—pyc retated—to depressiom; hi—zophr eni a,
bi pol ar d@%—g g?kg)% Ni a2 an épﬁ 1225 114 ~23X |

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 formula I. 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 mediate neuronal degeneration in a variety of neurological disorders and
conditions. The medical consequences of such neuronal degeneration makes the
abatement of these degenerative neurological 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 trauma 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



5 intoxication or addiction (see generally United States Patent No.
5,446,051 and 5,670,516). Excitatory am no acid receptor antagoni sts may
al so be uwefoalvrags anal gesic agents and for treating or pPeETAsvd/ngoes/ari ous
forms of headache, including cluster, headache, tension-type headache, and
chronic daily headache. In additioan%ublished I nt er nati onal Pat ent
application WO 98/ 45720 reports that excitatory amno acid receptor 10

excitotoxicity participates in the etioglogy of acute and chtoni ain

st at es id&’éﬁ-\ﬁ‘é’i}{%l@&ﬂér‘@m%@ W,asq%‘tyrl%lllg‘ﬁ‘ggreﬁ’é}r%,%r%tﬁ%aﬁ’&? RPE W @Wl,%’all’

post -trgypat ' [ ; ' A hn 48R3kl anxiaRd their
associ ata%%%#ggr\l}gﬁd ﬁglyﬁismg’fsajsog#ezgmggg% %[{?%gs}lwﬁth%@%%c?%f ul étgensa}tviﬂo{r%}g of the
head andeclasadalisirddrs aschasgubathamaaiit, stiess sypdrame; tardive dyskimesianend Moskowi t z

Cephal algia, .12, 5-7,. (1992 r.oposed that, unknown 15 triggers stinulate
gheptrigf&gf?l??élsrﬁréﬁﬁtf’éleé&ﬁ?% > 8 ”E)P?‘ﬁel}l?r B BSFEL e TR U ‘&P%hi n cephalic

tissue, giokidAof be8ddiid\Qed SnBANG (Riited ZIAALPAtNER NI UIAAB®BY iafl@s from axons
i nnervating the vascul ature. These neuropeptides initiate a series of

event s |%86d).htp)t Exaitetary garioncidebeniemantegonsts magalgehe nepdal asanglgesequence

of which is pain. .Thi.s neur .G .0 ' ' umat ri pt an
at dos esagfflﬁiapg?mt%eaflﬂ%ggﬁég%gﬁl evgng {(gi %Sggr%gggﬂgé%f glc%%gr ?lﬁ%{elisn humans.
However , heaadhe @56 6n-Ofpedicadeiche, phd Rhivnée daldehddohd. Wi ddditicmpptisléshadli cat i ons
as aresult of sumatriptan's attendant vasoconstri.ctive properties.(see
Mact nt yrigterpatygnal Ratenfjappligatipn W 93¢t/ 3@ renorts @gt ﬁi“‘d?iforbﬁ‘é?%%&ﬁa Bgepion
541-546 : . a . . . i ! ﬁ,’[ seZ’éﬁe
932-1337 %gg%%(}mt&gnngéﬁd’tﬁ ﬁéﬂ{é eetlt()%a . ,f ac%%%gggger?ﬂ%klﬂ%?ﬁﬁ?%Pgﬁgmcol ogy,
161, 91-1dn,(id@8B3ble pRecenirdpathi¢ paihamosbérewmeeppained 25 that all five nenbers

of the kainatg.sybtype of jonotropic gl utamate recept.ors ar pressed on
rat trigeni naﬁlsg%ﬁ(bﬁ%w ﬁ@t%ﬁ?,ma ﬁ%fl%q‘ﬁ" Fléﬂfsg(fl,apeﬁinge elpg?/i}a % b#rgGluRS
and  KAZ3haiSield @8R }ﬁﬂﬂﬁf%ﬁﬁhﬁoﬁ&ﬂﬂé@e&iaﬁif%e%ﬁa@ aeddadhe @fd, Meur osci ence,
17(17), 6611 (1997)). As such, mgraine ﬁresents yet anot her neurol ogi cal

di sor derpaxh¢wtr, ragrabie. Mogkpwea( eerhmfaleiogl bidarld @9 dEdoset hakenmotdxi city.
20 T g s ORShS B Pl vl plac ot o o)
al | of tésphaliotisoenivingede taths esleae of aapactiverredrnpepiides ionaaowumst  of
neurol Ogiin(l:lgrlvagr?gnt%ge%asacsuigtﬁrie?tl“%gse\,\rjletupopteggge% il\ll\llt?a‘%?’a/ 5%191%52 §f3 evlgrcl:t-ls-/lé.Ja%%?g/ t]60466 -23
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., et al., Cardiovascular Research, 24, 932-937 (1990); Conner, H.E., et al.,
European 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 GluR5 and

KA2 have been observed. (Sahara et al., The Journal of Neuroscience, 17(17), 6611
(1997)). As such, migraine presents 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 neurological damage associated with these



di sorders. For exanple, studies have shown that AMPA receptor antagonists
are neuroprotective in focal and global ischem a nodels. The conpetitive
AMPA r ecewDB/092m3 agoni st NBQX PCT/US03/10466

(2, 3-di hydroxy-6-nitro-7-sul fanmoyl be %o[ f] qui noxal i ne) has been reported
effective in preventing global and T i schem ¢ damage. Sheardown et al .,
5 Science, 247, 571 (1900); Buchan et al., Neuroreport, 2, 473 (1991);

LePei | | et. et al Brain Research, 571, 1 92 The no corrpetl tive AVPA
recept or lﬁﬂ%oﬁP’é?@n@@Imdﬁiﬁﬁe W‘b@éﬁ@d&ﬁ"?ﬁ%%‘l %Oné? $&Ctive

neur opr t a | al .
P q{e%%rﬂcﬁt%ctg\%ﬁﬂ fcicliag af(i%%lg%ﬂqpﬁietﬂlé 13887 2 ThERARh &itivieaIPIPIAl REerfbr

Brai n Resea . European Patent Application Publi catl on
No. 59078@atgbnesnwﬂﬂlﬁ(t(2ga dSt}alrces/ @attmaf’sullﬂumﬂbﬂﬂe[fﬂlﬁllnmﬁnﬁ 1@3@6@&6 10

di scl ose t C r .ain deca ol.i.ne derivative,cC oun are ANMPA
recept or'® da lg??%rﬁ&em g ﬁgldaggaldgcgjﬁmlc ﬁ?{n?g?e%ﬂi? QB df a

mul t st U%z@feedlﬁﬁpwl?(ls)og?fmichérpé}%l Nehfdresbri@, 023 (199N 1RPeillsi mzzheadache
WD 98/ 45270 discloses that certain decahy droi soqui nol i ne derivatijve

conpoundBragr Besgarads 67 1 125t 3Fon e gomomméltw@w reqeptoE grigeonists G ¥l usef ul
for the t (0] Iy i chronic,
ot 1 act ap 0 HAE RlertnoYRih B HRARHeuRtdlect REL U Rt ABIELEerta B0 O

i nvent i omodsle bﬁi’mﬂ&t@dal Bras: Reehrdn, 571, 115 (EEX2). rﬂglrmman(ﬂatmt daplichtisnr der s,
as dlscussed above.

T Rt R T R AT T N TR Rl

si dg cef f gich1Sse tﬂ%ﬂaﬁ%oﬁi’yﬁﬁﬁéﬁqﬂﬂb\ﬁ%@Hb%tfv'ércbﬂﬁf)urﬂfs%‘é Agsp R réRpfaed for the
20 treatnent of a neurol ogical disorder, whic onprises adm nistering to a

pat i ent :amagw@ds andpes ewh, aranS%’ﬁlfledh(t tr@atmnnmﬁa mﬂltlaldﬁmf]ddﬁ@ﬁ@rwoﬂdﬁtqml al.
More pardi l ar %1‘1 md@*%z%ﬁ% %ada%\l}I \é\&@ ESZT%rc{lsc?o E{h%% q‘?an a met hod for the

treatmen]tn esamms ering to a patient

in need &é&ﬁhﬁﬂ&mo@ﬂn@fﬂe&ﬁhk&t@e&ﬁﬁ%ﬁn@é‘ ard sél@ﬂmwlﬁfhgoﬂifstsfdf teiGiuRs. The
treatment of neurol ogi cal disorders and neurodegenerative diseases is 25

her eby fiecépier adl aré\asafslefdr thertmmmdm of vaiaus tyzes iof paih, inefuding; severe, manmal |
such a use, guine r at nonkey, or human. It is understood
t hatt % hreTqB infragta &t ﬁ{euﬁoga%“ dn. The term "treating” (or "treat") as

used herein i Agkide thd dotnReR® GHthyp @@&ﬁﬁmﬂtmmmeﬁgvemb%u@mpﬂspasses
prohi biting, preventing, restraining, and slow ng, oppi ;gi 30 or

rever si n‘geqﬁmglemgml disevdsts, ey diseissed shoyal tSheh CQWQ‘G agldedss at he

et hods f%ng le’t fleed for safe and effective treatments for neruological disorders, without
attending side effects. Thus, the present invention further provides a method for the
20 treatment 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 formulal. The treatment of neurological disorders and neurodegenerative diseases is
25  hereby furthered.
As used herein the term "patient" refers to a mammal, such a mouse, guinea pig,
rat, dog, monkey, or human. It is understood that the preferred patient is a human.
The term “treating” (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.



i nventi on enconpass both therapeutic and prophylactic adm ni stration. WO
03/ 091243 PCT/ US03/ 10466 -24 As used herein the term"effective anount™
refers tovohe/osmmeaint or dose of the conpound, upon singl @eCorusnsiasbpl e dose
adm nistration to the patient, which Aprovi des the desired effect in the
pati ent under diagnosis or treat ment2*An effective anount can be readily
determ ned by the attendi ng diagnostician, as 5 one skilled in the art, by

t he use of known techni ues a obser vj resylts obtai ned nder
anal ogous Ci r%%%efi Y eltW&(}EﬁcﬁY%?‘H@Wth o fo e aneuy BFH’(‘Tose of

compoun dc R4 SL\&)%P %grgleaor’]ﬂﬁ'iiﬁﬁfe e hagiRdimtivh & GRPatiSR! Rich ?Srédi@esaehé endi ng

di agnost|C| an, i'ng, but "not limted to: the species o its
si ze, ag:lemredlelffeogﬂmhc@hnd:utanhdd:rdlagwmspetneiﬁtrr@ntil sease invol ved; the degree

ENAGIERE T T A,

adm Bi stgRtskARd ih BR 21, 83 VR hs3iflichbivn EdtBhRGELIIdBy dtReRing ﬂaamsrafnw@erdat | on
adni ni stered; the dose regi men_sel ected; the use of concomtant medication;

and ot hemdepimalegeus eireuniancan chedetaminipg g effesiivs amewt ofidprse dont ai n from

about 0.01 i und of this

i nventi ocr? mﬂgg%‘lfier a qlsqgrgg ﬁ%g%bd%g{ flfg;t&% futetblgms%gr&?%g t%fat&?l%g about 50
nmy/ kg, rmag}opflafne,r1ﬁ¢1hdang,rl?jlmabDItéﬁted)tol thglsﬂmgaw of Htam1nal?_ﬁs 18 lage, and effecting
treatnment o atient a icted wt ndi ti.on, sea di sor der
descri be%FHSIB‘éS%a thy the SRES ﬁélSS?seflﬁY%da% (f gﬁeﬁr‘f’fﬁenﬁ’ﬂ §f %rrté‘a S‘?Vr?nf%y form
or HRpde oMmhi ﬁﬁeé@kﬁié résB@nsQfo%l% indRAG AT Qléﬁ@%’@}b‘ﬁﬁcﬂh@éﬁ)\ﬁ%duﬂ@' e in effective

anounts, including 20 oral and parenteral routes. For exanp conmpounds of
fornmul a z(dn)lntsamedaéh%mnﬂmo%ademmwramraIthwblosmbﬂlﬁh@@wte}’lstlpwﬁthﬁuscuI arly,

I ntr avilnl?rgpsﬂé?? nsd dal él&%’r%%s:ﬁﬁéélana% tgd thd &s% o co%c%nt? ll’a%?ﬂ'led%atlglpd the

li ke. e adm ni'ste nt 1 nuous

i nf usi OnandQ’tﬁérraEMIcﬁbmﬁﬁthmsl s generally preferred. One Skl lled in the
art of preparing fornulations can readily select the proi)er form_agnd node

of adni ni st r at\itgpicalslade feseaviiconiam tomeabsat 00 L medke orpkpak @rrpg@gé@ et he
conpaun dac?ﬁé %g{nﬁguncf HanliSRA%En S PG abl gode{?ﬁl cfogtgs\ﬁﬂ?ldob e 408t 564 tof he

di séase rel evant circunstan e understood by the
skill ed steadsd ntgiat, nalrd pefertbly foonpoum dd mgkd té abauhds 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. Alternatively, the compound may be administered by
continuous 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
to be treated, 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 commonly 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 salts of all of the compounds are included in the names of them.



present invention are capable of formng salts, and that the salt forns of
phar maceuticals are commonly used, often because they are nore readily
crystal |l iwed3am4purified than are 30 the free bases. |n @CI/usayesp6 t he use
of the pharmaceuticals descri bed above as salts is contenplated in the
description herein, and often is pred®erred, and the pharmaceutically
acceptabl e salts of all of the conpounds are included in the nanmes of them
WO 03/ 091243 PCT/ US03/ 10466 -25 According to another aspect, the present

i nvention pr oA¢aedng topneihereeract, dag preseshpysntioropioviges & phaowpeutises a

conpoun for : C ieal t t her as
ot mad GeingsiiolAich cBpRRNALIRESH) of Rl G S AR ReoniBly ABBIERE 75,
The phardatickertofosldefioaplagtinhios aad @ phaepresitally akdepynlddineation @sridtsi ng

wel | - 5 known_and readily availahle ingredients. In nmaking the conpositions
of the presenthe phyasrentipal copposipns e Prgrisd by oW rogsdwEs Bging&vel xed wi t h
a cakri (e : . sl er Bl ier, and may
A R R R R U
carri er iseentes, ths actidi ingeedtent will nemllpbe misal Wil asemier,swldildteddry a | i qui d
material which acts as.a. vehicle XCi pi ent, .or di um f or e active

"ar ed ereragy eloSebRBa e wuReDr ik Sy SPovlagoche PR oL,

powder s, oth&zQn68f%r. PBrAehScarfiaCRBlS as a Allhett/if ma§ BSRAYBE, AR Hi-s6Hd|cti ONS,
solutions, syrups, aerosols, ointnments containing, for exanple, up to 10%
by wei ghtauid material whichregis\as @, vebiste; exgipicniaprimedingy for thesasgue meredient.

SuUppa@si t-pri i i Ny e i S I owder s.
Somd Soxans SlnspiBh b pOhhs RO MIS po RSl Bhicel RORKE SECR?

| act ose, elikirsdeixpensions, emdsions solatioly, kntips, Aerosols,alintnshey whesying by acaci a,

cal ci um phosphate, . al gi nates, . tragcanth, gelatin, calciumsilicate,

m cro- cr%})@’(f’é’ﬁ) s PR&P &@%I |eaght of 3FUNE GRAr ﬁi’cfpftcfé‘ﬂc%?rdc@é"ft}l’tﬂa@§‘§?s=vx/at er syrup,
met hyl Cs%bbé’éi@ﬁ@s, sféﬁﬁé%ﬁec@d%@’e KR, J?M@Eé?ﬂé@é‘di&@&f swddk@l €,  magnesi um
stearate, and mneral oil. The fornulations can additionally include

| ubricating a%m sxanyres ¢frnyitalje narsicrsepndingerty,iang dalments ispastedadigseagent s,

preservi agents, 20 et eni n epts, or_flavori.n ents. ositions
b T SRFUREE Shionsy BT PP SHE0S nel g R e el iR, o
del ayed tglcgahSpetini baciagt éiu@t&,ﬁﬂibﬁﬁ&xgmuiaé telluloRdpoIpiatatrbBdordep t he
patient by enploying procedures well known in the art. The conpositions are

pr ef er abtofiulose. At s¥ED, methyl aeliulerss mgiyt gdiropd diydepsyheneoates, 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
so as to provide quick, sustained, or delayed release of the active ingredient after
administration to the patient by employing procedures well known in the art.
The compositions are preferably formulated in a unit dosage form, each dosage
containing 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 are not intended to limit the scope of the invention in any way.

Formulation 1



containing fromabout 1 ng to about 500 ng, nore preferably about 5 ng to
about 300 25 ng (for exanple 25 ng) of the active ingredient. The term
"unit doswgesfoormd refers to a physically discrete unit sECTASOE1Es6 unitary
dosages for human subjects and other. mammal s, each unit containing a
predeterm ned quantity of active nmetérial calculated to produce the
desired therapeutic effect, in association with a suitable pharmaceuti cal
carrier, diluent, or excipient, The follow ng fornulation exanples are

i || ust r &lard gelaiin gapsoles A napraretbusing the doldying Mgredientthe scope of the

I nvent i gA—A—afy—wey—Fornotat ot WO 0309 143 Ry 700 - 28 Har d
gel ati n|capsul es are prepared using the foll omﬁﬂtlmﬂﬁ%}gl en]tjez: Quant i|fy
(mg/ capgure) Prodrugrodrly Starch, drijed 200 Magnesi280 Stearate 10 Tot al
460 The¢ _above ingredients are mixed dnd filled into hard gelatin cagsul es

in 460 fg quantit Sesch,8riBdr nul ation 3 Tabl ets each 2¥htai ning 60 ng |of

£ (|

active itrgredient—are—age—as—foHowsT—Quantt+ty—(nyftabtet)y—Prodrug 60
Starch 45 M cr odVlg@Iesiun RE@IS | il ose 45 Pol yvi nyl pyrrol i done 4 Sodijum
Car boxyfrethyt—Star ch f,5; vagnesi um St darate 0.5 Talged Total 150 The
active iingredient, starch, and cellulgse are passed through a No 45 Inmesh
u. S

The above ingredients are mixed and filled into hard gelatin capsules in 460 mg
quantities.
5 Formulation 2

Tablets each containing 60 mg of active ingredient are made as follows:

Quantity (mg/tablet)

Prodrug 60

Starch 45
Microcrystalline Cellulose 35
Polyvinylpyrrolidone 4

Sodium Carboxymethyl Starch 4.5

Magnesium 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 U.S. sieve, are then added to the granules which, after mixing, are compressed on a

tablet machine to yield tablets each weighing 150 mg.



si eve and m xed thoroughly. The solution of polyvinylpyrrolidone is m xed
with the 10 resultant powders which are then passed through a No. 14 nesh
U S. siewsO03lei2¢gs anul es so produced are dried at 50C anecpassgth4bhir ough a
No. 18 nesh U.S. sieve. The sodiun1é§prboxynethyl starch, magnesi um
stearate, and talc, previously pass t hrough a No. 60 nesh U S. sieve,

are then added to the granules which, after m xing, are conpressed on a

t abl et i i el d tablets each weighing 150 ng. WO 03/091243

PCT/ uso3n€7i’g’z£§S &ﬁé@@mﬁw S CLAIMED IS: 1. A conpound of the formula: NN O
HHH N~ NOR HNH H5 wherein Rrepresents Cl1-C20 al kyl, C2-C6 al kenyl,
Cl-C6 al kylaryl, C1-C6 al kyl (C3- Ci o)cycloal kyl, Cl1-C6 al kyl -N, N-C1-C6

di al kyl am nd, ACtem@powidoflthefarmeld: di ne, C1-C6 al kyl - pi peri di ne, C1-C6

al kyl - norpholine or a pharmgceutically accepte&ﬂ; salt thereof. 2. A
conpound according to clg myl wherein R&gpreﬁgnt. Cl1-C10 alkyl. 10 3. A
conpound according to clEim2\uhergn R(¢pLesents _2-ethyl butyl, isobutyl,
3- nmethyl butyl, decyl, orNethyTl. rrpou d ac©€8rding to claim3
wherein R represents 2-eth§ﬁ but yl , A gefpound according to claim3
wherein R represents isobutyl. 6. A CiVlO veaccording to claim3 wherein
Rrepresents 3-nethyl butyl. 20 7. A conpHund according to claim3 wherein

R represents decyl. 8. A conpound according to claim3 wherein Rrepresents
et hyl5. wherein Rrepresents C1-Cyo alkyl, C;-Cs alkenyl, C-Cg alkylaryl, Ci-Cs alkyl(Cs-

Cio)cycloalkyl, C-Cg alkyl-N,N-C;-Cs dialkylamine, C;-Cs alkyl-pyrrolidine, C;-Cs
alkyl-piperidine, C;-Cg alkyl-morpholine or a pharmaceutically acceptable salt thereof.

2. A compound according to claim 1 wherein R represents C;-Cyp alkyl.

10
3. A compound according to claim 2 wherein R represents 2-ethyl butyl, isobutyl, 3~
methyl butyl, decyl, or ethyl.
4. A compound according to claim 3 wherein R represents 2-ethyl butyl,
15
5. A compound according to claim 3 wherein R represents isobutyl.
6. A compound according to claim 3 wherein R represents 3-methyl butyl.
20 7. A compound according to claim 3 wherein R represents decyl.

8. A compound according to claim 3 wherein R represents ethyl.

9. A compound which is (35,4aR,6R,8aR)-6-[2-(1H-Tetrazol-5-yl)-ethyl] -
25  1,2,3,4,4a,5,6,7,8,8a-decahydro-isoquinoline-3-carboxylic acid 2-ethyl-butyl ester, or a

pharmaceutically acceptable salt thereof.

10. A compound according to claim 9 wherein the pharmaceutically acceptable salt

1s a trifluoroacetate salt.



9. A conmpound which is (3S, 4aR, 6R 8aR)-6-[2-(1H Tetrazol -5-yl)-ethyl] 25
1,2,3,4,4a,5,6, 7,8, 8a-decahydr o-i soqui nol i ne-3-carboxylic acid

2- et hyl - baiOyB/ogRREEr, or a pharnaceutically acceptabl e salPCTtuses/eabe 10. A
conpound according to claim9 wherein the pharmaceutically acceptable salt
is atrifluoroacetate salt. WO 03/09t243 PCT/US03/ 10466 -28 11. A conpound
which is (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 isobutyl
ester, or a pharmaceutically acceptable salt thereof. 5 12. A conpound
according to claj LO3ishe R ' a58p-ahlle-salt is a
trifluor oac@t’ a‘%gbfsﬁg%%{l%kﬁ,&@@oﬁpo%ﬁ%??%ﬁlﬁﬁa Sn)-akye

( 3S, 4aR 1653, 84R)5, 67 B Bal ddeaielro-ispqiinslind-3-carbeyylic acidisobutyl ester, or a
1,2,3,4,4a,5,6,7,%j8a-d§%@h%ﬁﬁ - i soqui nol i ne- 3-car boxylic acid 3-nethyl
butyl edbamacgptically ageenfablesali PPl "accept abl e salt thereof. 14. A compound
accoeding to claim 13 wherein the pharnmaceutically acceptable salt is a
trifluoroacetate salt. 15 15. A compound which is )

(3S, 4aR, 6R18am c@npoundiaacardingde elaim -1y whesein g pharmaceutically acceptable salt
1,2,3,4,.4a, 5,6, 7, 8, 8a- decahydr o-i soqui nol i ne- 3-carboxylic acid decyl ester,
or a pH%?HH@gﬁ?%§gﬁT§ﬂ%cceptabIe salt thereof. 20 16. A conpound accordi ng
to claim15 wherein the pharnaceutically acceptable salt is a

trifluoroacetate salt. 17. A ich i
(3S, 4aR, 6R 1§af) G@HP%r{dl‘Fblﬁﬂéﬂ%éggg&gﬁ%awéfﬁydl?I'TetraZOI'S‘yl)'ethyl] -
1,248 41514??]51’4@1 576,900 ARG RN G QbR kBRIt y e 638 Baxsthylbudgiesteglobyl est er,
or a 25°phafmadeutically acceptable salt théereof. 18. A conpound according
t o cl ai mhaBnadsetieilly acheptpfiasalibengof.cal | y acceptable salt is a
hydrochl oride salt. 30 19. A conpound which is
(3S, 4aR, 6R, 8aR) - 6-[ 2- (1H Tetrazol -5-yl )-ethyl] -
14. A compound according to claim 13 wherein the pharmaceutically acceptable salt

is a trifluoroacetate salt.

15
15. A compound which is (3S,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 decyl ester, or a
pharmaceutically acceptable salt thereof.
20 16. A compound according to claim 15 wherein the pharmaceutically acceptable salt

is a trifluoroacetate salt.

17. 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, or a

25  pharmaceutically acceptable salt thereof.

18. A compound according to claim 15 wherein the pharmaceutically acceptable salt

is a hydrochloride salt.

30 19. 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 hydrochloride

monohydrate.



1,2,3,4,4a,5,6, 7,8, 8a-decahydro-i soqui nol i ne-3-carboxylic acid ethyl ester
hydr ochl ori de nonohydrate. WD 03/091243 PCT/ US03/ 10466 -29 20. A

phar macewD®al9redrposi ti on, which conprises a conpound asPCTAiSt®w4s61  Cl ai m
1 and a pharmaceutically acceptable gjluent or carrier. 5 21. A

phar maceuti cal conposition for the fTe€atnent of pain or mgraine, which
conprises a conpound as clainmed in Claim1l and a pharnaceutically
acceptable diluent or carrier. 22. A nethod of treating pain, which
conprises admnistering to a patient an 10 effective anount of a conpound
of the formgpa:a phdinfacedtichl danfoSHionHvhiidh ¢ 866 dbnifoand as eRinsedGh- C20

al kyl, C2-C6 al kenyl, Cl1-C6 alkyl ar¥l ,. Cl- al kyl (C3- C10)cycl oal kyl,

Cl- 06 al Cleim 1Nnfla@heasaagidakly leegrptable diluegbong¢aksi¢r pyrrol i di ne, Cl1-C6

al kyl - pi peridine, Cl1-C6 al kyl -norpholine or a pharmaceutically acceptable
salt thereof 15 23. A nethod of treating mgraine, which conprises

adm mi st eri g, topRarfRtéRth] @mpositioadbi the t@amsit oDpairocmigramadwviicht he

formula: NNO HHH N-, . f . H ) .
comprises a compound as claimed in Claim 1 and a pharmaceutically acceptable diluent

or carrier.

22. A method of treating pain, which comprises administering to a patient an

10 effective amount of a compound of the formula:

wherein R represents C;-Cyy alkyl, C2-Cs alkenyl, C;-Cs alkylaryl, C;-Cs alkyl(Cs-
Cio)cycloalkyl, C;-Cs alkyl-N,N-C;-Cg dialkylamine, C;-Cs alkyl-pyrrolidine, C;-Cs
alkyl-piperidine, C;-Cs alkyl-morpholine or a pharmaceutically acceptable salt thereof.
15
23. A method of treating migraine, which comprises administering to a patient an

effective amount of a compound of the formula:

wherein R represents C;-Cyg alkyl, C,-Cs alkenyl, Cy-Cs alkylaryl, C;-Cs alkyl(Cs-
20  Cyo)eycloalkyl, Ci-Cs alkyl-N,N-C;-Cs dialkylamine, C;-Cs alkyl-pyrrolidine, Ci-Cs
alkyl-piperidine, C;-Cg alkyl-morpholine or a pharmaceutically acceptable salt thereof.
24. The use of a compound as claimed in Claim 1 for the manufacture of a

medicament for the treatment of pain.



wherein Rrepresents Cl-C20 al kyl, C2-C6 al kenyl, Cl-C6 al kylaryl, Ci1-C6
al kyl (C3- 20 C10)cycl oal kyl, C1-C6 al kyl -N, N-C1-C6 di al kyl am ne, Cl1-C6

al kyl - pyrwolos@pres Cl-C6 al kyl - pi peridine, Cl-C6 al kyl - mpCghisos/na6éor a
pharmaceutically acceptable salt thereof. 24. The use of a compound as
claimed in Claim1 for the manufact¥-e of a nedicament for the treatnent
of pain. WO 03/091243 PCT/ US03/ 10466 -30 25. The use of a conpound as

clained in Caim1l for the manufacture of a_ nedicament for_the treatnent
of i grai n@5. The use of a compound as claimed in Claim 1 for the manufacture ofa

medicament for the treatment of migraine.



