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functional ion channels. Five kainate receptors have been identified which are classified
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and/or GluR7 subunits). Bleakman et al., Molecular Pharmacology, 49, No.4, 581,(1996).
The second general type of receptor is the G-protein coupled or second messenger-linked
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of phospholipase D, increases or decreases in cAMP formation, and changes in ion
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Both types of excitatory amino acid receptor appear not only to mediate normal synaptic
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| eads to neuronal cell damage or | oss by way of a nmechani sm known as
excitotoxicity. 5 This process has been suggested to nedi ate neuronal
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medi cal consequences of such neuronal degeneration nakes the abatenent of
t hese degenerative neurol ogi cal procesges an inportant therapeutic goal.
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inplicated in the pathophy5|ology of nunerous neurol ogi cal disorders,
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( SUMWARY OF THE I NVENTION 5 The present invention provides a conmpound of

Formulal HO/ ,,, ~NF F HFormula | 10 or a pharnaceutically acceptable
salt or pvode/ogpséthereof. H PCT/USOL/-t~7ls In a preferredPerisdl/mng, the
present invention provides a conpound of Formula la Rlp Of '. F 15 F H

Formula la wherein Rl and R2 each indegendently represent hydrogen,
(C~-C20)al kyl, (Cz-Cg)al kenyl, 2 0 (CI-C6)al kyl aryl,

(C1l-Co)al kyl (C3-Cl O cycl oal kyl, (C~-C6)al kyl-N, N-C -C6 di al kyl am ne,

(C~-C6) al kyl -pyrrolidine, (Cl-C6)alkyl-piperidine, or

( C1- C6) al MthtyrgHO D ee al. wWBrifshtlaurngt of Cléticaliharmecdless 34 GHA-46 (9% R are

other th r n r | I
e o5g§g§9{%§%sgl ! CArBbAsPREERE 2N Y4, 3320BY alibe0)s Ebiinek [IEERCE al. 25

oresent | Rosweioinehar doernareiasy, (1) L4 L ReEFBIE I bGP | or
v Zg(r)tmjhl a l ﬂvggt %ﬁ‘ﬁ(r@hﬁnﬁ@fsrﬂﬂt@e Rairckube/paol dohdtrapieglatnef leceptorbereei nabove. | n
e5r ee:xp?eslscrarcila grtl ’ratttlg]gen%B:ﬁsg%rr}éliolnnn\égrn(}nls,Oarlllerrl %\z{rltigglsar,%igrﬁeltebquofo(t}lu&{%ea%td' ng or
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.
The use of a neuroprotective agent, such as an excitatory amino acid receptor
10  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
disorders. For example, studies have shown that AMPA receptor antagonists are
neuroprotective in focal and global ischemia models. The competitive AMPA receptor
antagonist NBQX (2,3-dihydroxy-6-nitro-7-sulfamoylbenzo[flquinoxaline) has been
15  reported effective in preventing global and focal ischemic damage. Sheardown et al.,
Science, 247, 571 (1900); Buchan et al., Neuroreport, 2, 473 (1991); LePeillet et al.,
Brain Research, 571, 115 (1992). The noncompetitive AMPA receptor antagonists GK'YI
52466 has been shown to be an effective neuroprotective agent in rat global ischemia
models. LaPeillet et al., Brain Research, 571, 115 (1992). European Patent Application
20 Publication No. 590789A1 and United States Patents No. 5,446,051 and 5,670,516
disclose that certain decahydroisoquinoline derivative compounds are AMPA receptor
antagonists and, as such, are useful in the treatment of a multitude of disorders conditions,
including pain and migraine headache. W098/45270 discloses that certain
decahydroisoquinoline derivative compounds are selective antagonists of the iGluRj5
25  receptor and are useful for the treatment of various types of pain, including; severe,
chronic, intractable, and neuropathic pain
In accordance with the present invention, Applicants have discovered novel
compounds that are selective antagonists of the iGluR 5 receptor subtype and, thus, could
be useful in treating the multitude of neurological disorders or neurodegenerative
30 diseases, as discussed above. Such selective antagonists could address a long felt need
for safe and effective treatments for neruological disorders, without attending side effects.
The treatment of neurological disorders and neurodegenerative diseases is hereby

furthered.
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5 preventing a neurol ogi cal disorder,
conprising admnistering to a patient
of a conmwongesstétFormul a | or
salt thereof.
condi tions,

i ncl ude: cerebral

Formul a 1a,
Exanpl es of such neurol ogi cal

or neurodegenerative condition,

in need thereof an effective anount
or a phar naceut iP€alusy1/aeept abl e
di sorders, or neurodegenerative

deficits_gubsequent to cardi ac bypass surgery

and grafting; stroke; cerebral ischema; spinal cord 10 | esions resulting
fromtrauma or inflammation; perinatal hypoxia; cardiac arrest;
hypogl ycem ¢ neuronal danage; Al zheiner's Di sease; Huntington's Chorea,;

i nherited ataxi as;

Af f ~S-induced denentia; amyotrophic |ateral
i di opat hi ¢ and drugi nduced Par ki nson's D sease;

scl erosi s;
ocul ar damage and

.retinopathy; nuscul ar spastSUEMMARYcOEATHE INVEINSFKONdr ug t ol erance and

wi t hdr awal ;
depr essi on;

brai n edemn

convul sive disorders 15 including epilepsy;
anxiety and anxiety related disorders such as posttraumatic

st r ess5 syndr offee priesantinvenidiyrs priomicles & coppgusdes Formeladt ed t o depr essi on,

schi zophreni a, bipol ar disorder,
headache, including cluster
dai | y headache; m graines
severe pain, intractable
pai n. Specifically, the
preventing mgraine co
an effective anmount of
phar maceutical |y accept

i nvention provi des aFfetihod of treatihe

conprising admnistering to a patient

mani a, and drug intoxication or addiction;

'g?adache,
acute and chronic

t ensi on-type headache, and chronic

0 and post-traumatic

2 a method of treating or
ng toTa pat®fht in need thereof
la | or Fornmula la, or a
bre_Blpecifically, the present
preventing m graine

in pHeed thereof an effective anount

of the D (-)

-mandelic acid salt of Formula | or Fornula la. The present

i nvention al so provides a process for nERIMAgad conpound of Fornula Ia,

conpri sing conbining a conpound of structure (2) ., Lg OR2 H (2) WO
02/ 0535GL -6 PCT/USOL/-t-471s wherein R2 is as defined herein, Pg is a
suitabfe ﬁFPﬁ@@@ﬁmﬁﬁﬁP@%?Fﬁgmﬁ?éﬁ%PrBﬁﬂ“@ﬂgﬂﬁy'a suitabl e | eaving group,

with a suitable base in a suitable solvent,
15 20 25 conpoynd of. str . 3
herein, follo %a8§/ef%qﬁd0%rt%0%1%?ot’ l)arlle

foll owed by addition of a 5 10

KRl on BRFARed BB AR, o,

1 0oNn

hal ogenat ilon and renoval of the nitrogen protecting group.

15

RO o

OR?

F H

Formula Ia

wherein

20

R1 and R2 each independently represent hydrogen, (C1-Cao)alkyl, (Co-Cg)alkenyl,
(Cy-Cg)alkylaryl, (C;-Cg)alkyl(Cs-C;p)cycloalkyl, (Cq-Ce)alkyl-N,N-C;-Cs
dialkylamine, (Cl-Cs)alkyl-pyrrolidine, (C1-Cg)alkyl-piperidine, or (C;-Ce)alkyl-
morpholine, with the proviso that at least one of R1 and R2 are other than
hydrogen,

or a pharmaceutically acceptable salt thereof.
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In addition, the present invention provides pharnmaceutical conpositions of
conpounds of Formula | and Fornula la, including the pharmaceutically -
accept abveO 82031381 and hydrates thereof, useful for treati RETASOHYHITHYI cal
di sorders or neurodegenerative conditions, conprising, as an active

i ngredient, a conpound of Fornula | orsFornula la in conbination with a
phar maceutical ly acceptable carrier, diluent or excipient. This invention
al so enconpasses novel internedi ates, and processes for the synthesis of

t he conpounds of Fornula I and, Fo la la. Mre specifical.ly,.fhe present
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di carboxylic acid as glven by Fornula |.
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par ent cogpmpostsl dfaRnmglad or Fobowly 4, or aghameaceutisally acqeptabls 338 theserdr st ood
that the pr ©5 € Mol WERdAY, t’g?ﬁ%ﬁégﬁ%@ﬂ)ﬁoﬁ BEJVidRE QFHBES ofHEealin@br

met abol i cal ly Iabile" est or ester derivatives of CEanpOﬁnd% OI. t he
For mu2% | preventig migieine compasing administerneds diaticdn ferddPFRRPHAFSHKC as
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compounds her ol FEREFMHoN ABR TGRS e e (e ied Sg e P
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.the conp

<

F F wherein _g_ H Fornmul a la PCT/US011~~71 S Rl and R2 each independently
represent hydrogen, (C~-CzZO) al kyl, (Cz-C~)alkenyl, 5 (Cl1-C6)alkylaryl,

( C1- Co6) alXQI0/eB56~0) cycl oal kyl , (C~-C6)al kyl - N, N-C~- C6 di CIUSAH TS
(C1-C6)al kyl -pyirolidine, (Cl-C6)alkyl-piperidine, or

(C1- C6) al kyl mor pholine, with the provigo that at |east one of Rl and R2 are
ot her than hydrogen, or a pharmaceutically acceptable salt thereof. 10 It

i s understood that the selective i G uRS receptor antagonists of the present
i nvention may exi st as pharmaceut.ically acceptable salts and

as .such,

sal ts ar eviehsn 828 es defirledhereinPeRs fsuitbledyBagendrroteriing arau gpd Fﬁ@éﬁ?i on. The
term phasm{%ﬁﬂéfabﬁg élré(upﬁ%ﬁlﬁht MRhige Badetin a 3sitavseshlvean dolowedhyesddition ofal t s of

ou royv or enployed in the present invention which are
substantK@HE?UWBQE$B¥PEEﬁ9 li ving organ
acceptabl e salts include those salts pr
of the present invention with a ph
organic acid or an organic or inorgani
addition and base addition salts. It w
reader that nost or all of the conmpourds uged in the present invention are
capable of formng salts, and that the forms of 2 0 .pharnaceutical s
are commonly used, often because they are ngég readily crystallized and
purified than are the free bases. In @ﬁﬂ ca t he use of the

phar maceutical s descrlbed hereln as ts,i.s _conte

descr ibpt i Whereiame 1§ as dpfanesrhesting gu‘b"i’%ﬁ@? oxidationiq a Cﬂg‘%B (f?raé P ly
acceptabl e salts of all of the conpounds are included in the nanes of them
2 5 Acids commonly enployed to formacid addition salts are inorganic acids
such as hydrochloric acid, hydgobrom c acid, hydroiodic acid, sulfuric
aci d, phosphoric acid, and thé&”like, and organic agi ds such as

p-tol uenesul fonic acid, ruarell i c acidy 1, 5naphtEaIrned|squon|c aci d,

met hanesul foni ¢ aci d, oxal i ¢ aci d, - pr oqophe sulfonlc acid, carbonic
acid, succinic acid, citric g i dYydace pAcid, and the like.

3 0 ~ Exanpl es of such phar eptaule sa ts are the sul fate,
pyrosul fate, bisulfate, sulfiNe --.Qph%te

nonohydr ogenphosphat e, dlhydrugenphosphate 9/ 083sGL _g_

PCT/ USO1/ ~. ~715 net aphosphat &/ pyro spha brom de, iodide, acetate,
pr opi onat e, decanoat e, capry'ate acr | at e, fornate hydr ochl ori de,

di lhydr OChfd?lrchiﬁby'hﬁl@bé'Mffoﬁtaﬁd réhapabaf the nh&xg’empnﬁecemgrgrmm ol ate, oxal ate,

mal onat e, succinate, syberate,. sebacate,  .fu

but yrdL, 4- di oalfeaddifian, He Pressntingiien pﬁovﬁdesé}mﬁg %P%%%&%ggmms of

met hyl benzeapaunds ofiFatouy benBeme)a hsinblodinisdhe pharamaceically aceptable salts,

xyl enesul f %Qdeatesoﬂg t% %%?fﬁﬁfo? tre&hfg’ﬁéluﬁfl bé?@@o?der@@ﬁﬂ%k&é@éﬂe@dtﬁe citrate,
u te

| act at e, yrate tartrate, hae %ﬁli in
pr opanesubérahmre, qmpmm%ma%wem&r%ﬁiaﬂea COPARA L ForBY 2 ?ﬁ pge la i
mandel at ecoxﬂ&%@&ﬁvitﬁta%haﬂﬁhc%ﬁtﬁ:ally K&epﬁbkefcﬁfﬁeeddlbimt omoeipiént.alhiy accept abl e

acid addition salts are those

hydr ot ofvenig %]S%WOWGFSSBPWﬁ?FqE 4 latlefo n@r ?%18%gﬂ°€ mheﬁéﬁtor gani ¢
aci ds sucRo@polads 0f Formutahaed Faomadd B, 1, 5napht hal enedi sul fonic acid ,

mal efi c aci d, d et lg 51*11?&3 fhi SorifRsitiede t hose
derived froml ec‘f?(%ﬁi,%éi}fé %g\’segtell ?hd%g?l o Ir al{bﬁl Qe earth
et al hydmefhkfestreaimgbmmaqvestlnsamlﬁialb@ﬁ%@%m&r@é apggtiys lﬂére @Bbﬂ’e 565~ usef ul
' n prepar 8£1§‘beac§i3§athsof°f?oﬁﬁw§1 d)rthﬁﬁhlaCIB fnltembimeion dettsadiomdiy dr oxi de, 15

pot assi um F OXI anmonj um ot assi um carbonat e, sodi um
car bohgt e,PhQI'm:ﬁCEWCB IY:é‘FOGBWQ]Fé’mIVfbﬁ gﬁg‘?’lﬁ?nog%%l?]%ﬁat e, cal ci um hydroxi de,

ms. Typi cal pharmaceutically 15
ared by reaction of the conpounds
eutically acceptable mneral or
base. Such salts are known as acid
Wwe understood by the skilled

.cal ci um car bonqq]g redét ihvetibh lkBo pirdwdq@mlﬁaansselofmmmosndioﬁmrsmﬂaldror ms are

| ar | d houl.d b c
Pount or i 355o¥ra1?1m%oréﬁepmufa$u%ﬁ%} B R e S L Lt W

ccritical ridoudes, orseulodagenamtivbeorslifian.as a whole is phar macol ogically 2 0

accept abl e and s, .09 Aty! g nEALAIcAD RASIAThe GRUTIcBHiRUNGIES! T ed

qualities to t under st ood 't hat such salts
may efbst RegmalatydFermeula fafon sheomamifedtire of n@qd&ﬂmenéf%ﬁeaﬁl%ﬂfé?mveflﬂ%rs to a
conmpound q&% Wp of the same atons bonded by the sane bonds but having

di fferent ree- di mensi onal structures which are not i nt erchangeabl e. The

t hree-di nensional structures are called configurations. As 2 5 used herein,
the term"enantioner” refers to two stereoi soners whose nol ecul es are
nonsuperi nposable mrror inages of one another. The term"chiral center"
refers to a carbon atomto which four different groups are attached. As
used hereln the tern1 dlastereoners refers to stere0|soners whi ch are not

. e+ e — N L Y



3 0 herein as "epinmers”. The terns "racenmate", "racenuc m xture" or
"racem c nodification" refer to a mxture of equal parts of enantioners.
The ter mwWenzmisseineri c enri chnent” as used herein refers POTHUSL/#4TEF ease in
t he amount of one enantionmer as conpared to the other. A conveni ent nethod
of expressing the enantioneric enrichnméht achieved is the concept of
enantioneric excess, or ''ee", 3 5 which is found using the follow ng

equat i on: WO 02/ 0S3511 PCT/USQOL/-~.171~ -10 ee = E - E2 X 100 E + EZ
wherein E is the amount of the first enantioner and E2 is the anount of
the second 5 enantionmer. Thus, if the initial ratio of the two enantioners
is 50:50, such as is present in a racemic mxture, and an enantioneric
.enrichnment sufficient to produce a final ratio of 50: 30 is achieved, the ee

with respect to the fjr ' ' (V,,” he final ratio is
90: 10, the ee with rﬁ%%ﬁélﬁgﬁ%ggﬁ?ﬁoémth oTreT ij An ee of greater
“than 90%is preferred, an ee of greater than 95%is nost preferred and an
ee of greater thapreddht %BMnticn ﬁ@ﬁidc@&@ﬁpmﬁﬂdb funetieda as selective aGhiRgrecdptor

enrichnment is readrl det.er m ne one ordi n art using
st andar d P@égﬂﬂl?ﬁ%@s‘” he WHB@??H?%BS% g’oéessaétgsp@(ﬁ%ﬁ l%r?dﬁohjﬁ 8%]{;§Irrsce li qui d
chromat ogepdoy. Wwith a chiral col um. Ch0| ce of the appropriate chiral

colum, el uent 56‘%&091”91 tﬂr&@ﬁhﬂ%‘ﬁﬁ%ﬁ{&” eﬁ{,‘g{ﬁg SR dn‘éﬂr &fq the

enanti omeric pal no one of ordinary skill in
the at®. heuralbgical gpordemer n%‘r@i%ﬂlﬂqf%m@r@“@)‘ﬁ%oﬁﬁﬁﬁ yobe PEseRy AR ention
Fornula | Q%étﬁ&?l*o&‘ﬁﬁ tR¥uResR opfm eraﬁie%ﬁ% é‘éﬁlﬂd delibnkhig@edby a USi NQ

standard ec n| ques wel nQwn such .as, t escri.bedo by J.
Jacques, @grtigplar memwm rASHEN, lﬂg@lﬂ}‘r?é}t%é‘eur&n?f“?@%%} E&O?ed‘?rggra VI WY ey and
Sons, Inc {rcatir%Balnu THigewronpoaestap@indton eompesibmt whishéna selectivaveatagorestad nor e

hi r al t cF ' f
cont 1 gur atteituR el Sl i6 et fofalb BLAGHS oLl ECRIGR RO Smie o o
t he pxeserektrammmvdnclnmcdmateasmgmrraulésbltemmwe@e@tteeim&ﬁlrdeﬁﬁ@@s eihd as
| ndi vi dual,, SRARLL QIR oozl Bld 51 HIRShER QTR LA &

di ast er eoffe SUCHP T acenat es, enantr omers, |astereorrers are
Wi t hin théu@@@wtﬂnef the present invention. 2 5 The terms "R' and "S" are

use]g her ert n as I@gﬂamemnumogmqummen ghgnithitayl df thedeonapcendpesei] |tf¢rs]r t

confi guration iral cente r er, a

confi gur att li‘eo‘r‘i’e@‘f)dsa‘)féﬂ? PEQPCUE Hh‘ieaf“’w ﬁvﬁ?%b?o%m 09(5‘% %ﬁ?lél ﬁIsl hfd‘g u(E) group

Ipr i or %DI eshefelm givesim t‘go#ngbrﬁetwmsbmmfﬁmw Iadrowbhichihes ?mnd ]E owar dt the
owest priori ro ' r , onfi guration

of & c hlp ] ;i? %aglg I;no"&& d Jﬁ@h frak Eﬂeu th(e r@drﬁé c?on(r%}éﬁ ﬁ)rteﬂﬁrfngﬁ, ¥ g

coun at1ons of” grou
prioriti eély@mlgheg):ldatbles@dbﬁu’el, @V@@b’l}laﬁhé\ﬁa%%\?ﬁﬂ the RseptCARPRYHHCEOWEr d t he
! OVrr‘ﬁSt Fr 'chHthhc%c%‘@mg-')_h@r d@rth@&zis& ha?fbegﬁ@phpént@c c dpidr) ab lBBien bat omi C
nurmber (in or

decr.easin m C n | i st ,.of rrorrtres

P! ot s gl Shotperes R B 1 exampie s halseR am B lestet PLiBer”

Organgs CoirEoatn@s of the pagnptaspamds Rinacg acaboxﬂlt aelid &bep.chestobet al . edsf
1974) at es. 103- rs o
corrpz)un L RBRSR b el i pedh ﬁ@bgmfo%ﬁ&ma& aﬁ%ﬁﬁ&%ﬁ ESSu@lr)"Qs aeap&gcgn?nary
skill in tlhsileaaster ot diester dvglvwevds qfﬁ@mpou@bwﬁrh@m plﬂ@&!éﬁ%eésthegﬁr‘c?f as
t hose dis I &ﬁl’yn(p(_f,f @f&&/dogxﬁﬁc 1
11 PCT/ Ughﬁ&ﬁ?&%@és%gﬁ}%régg aggﬁ’rﬁl nigsdf g e ey & Sons IW)l nc. ﬁﬁé’
Craptor 7 i B edgs Ol SheOPBRNBAS Cplosg] aE BROmBESSaLLLE hes TR by
gO' | eg lan%owfioﬁﬂds he,%wnptewmﬂq)romegmahﬂf thealiestdRaieolvatives o Forntdal. Wl ey &
ons, nc clJl1C S

can be pr éj&ﬁ’r"éﬂuw @P‘é?cg%%ﬁgc hFlsgﬁ%‘%fﬁfﬂgjspég’aﬁ%tfohe%@gér@% #&l c?ﬁ[J lyogﬁ(rjs

.geonetricambwnpUbﬂeobmdeman&ﬂbnemeaalIy or geonetrically enrrched starting
material s. diti F%ﬂ?a %Rﬁﬂki n be
resol ved and r Z@ Spg‘gﬁ%&ﬂt e&%?#kg &gxé{]}?g?as chr (‘)arsrla\'?gfgh gﬁ@d?? g’lél
. stationar wndhd@e‘mthlemﬁ?«ﬁm of thewsmtrlmﬁn@pn,fare&nr%ﬁﬁaqe rbé‘(ﬁ%t‘]al 2ibEl%:on of
addi ti gn salts formed by reagents used for that purpose. 10 As used herein
the térm"Pg" refers to a suitable nitrogen protecting group. Exanples of a
suitable nitrogen protecting group as used herein refers to those groups
intended to protect or block the nitrogen group agai nst undesirable
reactions during synthetic procedures. Choice of the suitable nitrogen
protecting group used will depend upon the conditions that wll be enpl oyed
i n subsequent reaction steps wherein protection 15 is required, and is well
wi thin the know edge of one of ordinary skill in the art. Comonly used
ni trogen protecting groups are disclosed in Geene, "Protective Goups In
CXganrc Synthesrs (John VVIey & Sons New York (1981)). Surtable nrtrogen
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chl or obenzyl oxycar bonyl , p-net hoxybenzyl oxycar bonyl ,

p- ni t robenzyl oxycar bonyl, 2nitrobenzyl oxycarbonyl ;

p- br onobavayt/assyaar bonyl , 3, 4- di net hoxybenzyl oxycar bonyl , PETAIS01/44715

3, 5-di net hoxybenzyl oxycar bonyl , 2, 4-di met hoxybenzyl oxycar bonyl ,

4met hoxybenzyl oxycar bonyl, 2-nitro-4, 5¢di met hoxybenzyl oxycarbonyl, 3,4,5
tri met hoxybenzyl oxycarbonyl, 1-(p-bi phenylyl)-1-nethyl et hoxycarbonyl,

. al pha., . al pha. di net hyl - 3, 5- di net hoxybenzyl oxycar bonyl ,
benzhydryl oxycar bonyl, t-butyloxycarbonyl, diisopropyl nmethoxycarbonyl,

i sopropyl oxycar bonyl , bonyl , net hoxycarboryl , 0

al | yl oxycar bonyl, 2,2, 2; |chloroeqmoxycquonylf|- enoxycarbonyl

. 4ni trophenoxycar bonyl, fludrenyl - 7 cyclopentyloxycarbonyl

«like; and silyl groups s

adamant yl oxycar bonyl, cy oxye‘ >t M~ofr bonyl and the

| i ke; al kyl groups such @s bepzyl, benzyl oxynet hyl and the
trimeghyl si| .Iqhe like. Preferred

sui tabl e nitrogen prot fng groups a b fazfyl, acetyl,

met hoxycar bonyl , benzoylF pi val oyl , t-butyf,acetyl, phenyl sul fonyl, benzyl,

t - but yl oxycar bonyl (Boc) ‘and benzyloxycarb nyl (Cbz). WD 02/ 0S3561

PCT/ US01/ ~~71s -12 As used herein the tepFdmu{{dh- C4)al kyl" refers to a

strai ght or branched, nonovalent, saturated aliphatic chain of 1 to 4
carbon at WR8™Hhd includes, but is not linted to methyl, ethyl, n-propyl,

i sopropyl, n-brilyhd R%sablunmbpaﬂehﬂyhepfasm hydwgers ¢C;-Ben@kyl, (GeCoalkenyl,

“(A-G)alkyl" re 5 rgmg(g .csaturated
al i phatic chai Flé {:e)iﬁ(yfar%a(cczt%zd {Cﬁmlozgﬁ%ﬁﬁgfscl oS¢ ywﬁ@no(t:ﬁsl jmted to
met hyl , et hyl , disliplapipe, (Cr-<a)lbpyrrohdinas (- Cebaéla&mwdme.%@ Co)dlkfent yI |
n-hexyl, and t%rﬂ%ﬂdéﬁe Wh Hﬁ%%d?ﬁmhﬂam&@.t&&rcsmil(a@uK%&ha)lu{@xkhanr efers to a
strai ght or bran nonoval ent, saturated aliphatic chain of 1 to 10
carbon atons ahHdmosel, udes, but is not 10 limted to nethyl, ethyl, propyl,

i sopropyl or fp QMhM&mnkﬁmP&kﬁPMﬂE@ﬂtﬂﬂhyﬁbUty| pentyl, isopentyl hexyl

2, 3-di net hyl - nt
oct yl1 I rrz rr%t ki UQé%gm@ﬁ\%hﬁa sqlﬁcglvlel {ggeﬁ e Sfcé aé}f)hi:stsﬁf'{'ﬁé ﬂ&em&rﬂ@ﬁ‘tﬁn
"(C~- CZO) ahdyelist eflermatentiealytacedpitie saltstindrastsed), saltsrase teeafore inddudadat ed

al i phat i C“Fﬁﬂt, {l}.e%op]e &f?helzﬁe&?xf ;?Rf@nt O'Tﬁe?é}ﬁz ip ﬂM@&ﬁxcaﬁ%’hodeitaﬂl&tsaﬁ'%sj imted

to, nethyl I Soprop | sobut % entyl,
i sopent yl US¢!HXB}¢IH 1 %Wi%@ﬁb?lcomEQ‘B"tqﬁ)PF‘b‘ﬂé‘iﬂ by, pr ¢raplPY§d ingh E‘F§$ n-nonyl ,

n-decyl , 'i'?\}é'ﬂﬂ@x?Whlchrh‘f'é)ﬂﬁ@ﬁéhmalﬁrﬂdhudﬁﬁwb ,hvnrgtcﬁgatm@scyryplm pearinadetiyhlly
n- hexadecy

nadec nei co nd the |1k
under 2 0odcteRiable 13 bs E‘}?f‘%ﬁ th(tsﬁia %?/‘F by relaf@y%?% q{unnd'gl ﬂFthe pheskr
" (C~- A 0} ahveyition aith alph@jmai:eahaallytacaeptdbée ohisferadior prgnnmfacid((!}anmgfmﬂ eryl". 2 0
As used Qﬁﬁe'gé‘m b%slg }S%El{@alts flxgepkqowﬁbas aCde 4ddi C}1011' dnd | bgse ﬁdltl(ﬁfﬁltst Bu™ 1 ef er to

nmet hyl , I SO i respectively
used herein, tﬂewtlbbmﬂﬁ@ISlOO@@Yéhq‘(@hk}C fe@ﬂ@rtbatt%oséﬁr dk9lgba Camﬁ?ﬁr’dlééiﬁ‘?%g a

strai ght qf Jﬁ%&%ﬂ?ﬂve %Y@éa%ﬁme oﬁféﬂfﬁxﬂé @ﬂtsaﬁﬂdnh@tm@s&ftannsef 1to 4

carbon atons I ncl udes, is, n to net hyo
n-pr 0pBxy Phpgedsedinglsare HOIB{E’P Wseda gteﬁ b§°at dqeiyﬁ@ m%ﬁﬁ%‘*ilér P%ﬁ %9d term
"(Cl- C|6) algueitied tHaﬁfa&é Se free disedx igahcastgnhdesardf g phashacaittels desciibesinc lheg
nonova en saturate t cl udes,
but is not effi“f’ﬁast %@ oﬁtﬁrﬁgaetﬁ fn E%&n%fnotjr hér%m ar?oa&l?é?ﬂs %&&%s@ﬁﬂ%h@oxy,
npent oxy, pmahﬁamutyqallgracbetptablel salteof 3l Gf the Cgmeau raéﬂ mclugl 1 ‘é@ ppmes of
(CI-CB)aI ¥h(CI-C6)alkoxy refers to a straight or branched, nonoval ent,
saturat ed a I'phatic chain of 1 to 6_carbon atons which has .a éﬁ%Cﬁ Ikoxy
group28t t ached Acids ¢panmpnly eEpiQyed thqxim aeid %@étépr'rfé}t%ﬁlﬁ MYIEANIE @i §

O y
"Halide" g drdéﬁioncra@ifdeﬁydrgb@nﬁ@é@d lhyﬂrmbcﬂlelﬁblﬂﬁsulﬂuﬁdla&d pitosphenixr dcik; aad om

unless ot hérw se speci

d
"{ C2- 06) al ke ang 8¥@P’§I a(fa:lfjséugﬁ SaP éﬁfle’&?sug?lgﬁ@ﬁ‘ g‘gg?fg’}f%\gg dfég’é unsat ur at ed

-aliphatic rfabﬁthﬁleh@dlslﬂﬁmfdamm imathanestsfonicanid axaki¢ mid, p-Tippiophenytseliosical kenyl

%Ogg}solsgg%:g ir%mt}l% '21¥1d u%ci%?c Aﬁ?@%ﬂ@%m\ﬁ' Blzdic a%ld”’féelﬁxlaeitdh e the 1ike et Nyl -

30 Examples of such pharmaceutically acceptable salts are the sulfate, pyrosulfate, bisulfate,
sulfite, bisulfite, phosphate, monohydrogenphosphate, dihydrogenphosphate,



5 10 PCT/ USOLl/ ~~71~ propenyl, 1-butenyl, 1-hexenyl, 2-nethyl-2-propenyl,
1- propenyl, 2-propenyl, 2-butenyl, 2-pentenyl, and the |like. As used

her ei n,
one or
phenyl,

twe ov/es3set' aryl " refers to a nonoval ent carbocycl i ecgrusop4Lont ai ni ng

nore fused or non-fused phenyl rings and includes, for exanple,

1- or 2-naphthyl, 1,2-dihydrongphthyl, 1,2, 3, 4-tetrahydronaphthyl,

and the |like. The term"substituted aryl" refers to an aryl group
substituted with one or two noieties chosen fromthe group consi sting of

hal ogen,

hydr oxy, cyano, nitro |, (C1CA4)al koxy,
( C~- 06) al glapkespieate,) RyjeRhosphaj brqﬂeé @43 @g?tathleP’(O te(%“é?q@@xmlﬁﬁnyl ,
protect ed, ﬁ@%ma&anmmdbyﬂm dgetlopidaridobytyrat@TaproateAliBptioste Ny |, or

.trifluoroneth

used. herei n efers to a

(i uoropell, euedterein ie ber e R, PEGRES &
car bon at pastivdes, hbx sl émlcmrtqglbengzroewpc}mmhahmtet methlybbentaaghat i ¢ chai n.

e el Bl Ry SR B,
r ef ers t oplmylkpropionpte @berwmlmawamsltratezbct@tes gihyHroxyputyraig @h@eﬁten@ﬂ@w ent,
sat ur at edmlélhg.?%affbﬁat@ ffﬁlbﬁhneéuu%nate r@pﬁ@aieﬁal%ﬁaﬁatatﬂaammrm §u|l'l%n§’t6)’|

gr oup.

he term "ary are t
~ ~ andm@wéelthwa%ﬂﬁg épd Heliken Pf?ﬁ@“i%?ﬁf’“?@}/@ aE?‘iﬂt%’i‘f ﬂA aé)q\imté?‘br s to
a fsat U(rj at gks fﬂbﬁdﬁ@s‘eﬁbhﬁéﬂ W}!tﬂ%lﬁ%ﬁawbids{sﬁch:WMl@fcb&ftEar?Yh}ﬂfvb_i@rﬁm&eﬁl (():r3 a
unfused ri ng from ee to en_carbon ms. Typica o
cycl odl kyf‘“‘g‘F‘Bﬁ’ an Efgé’r@lﬂ a(?b‘#c?ﬁ%ﬂ aSIé € %ipcﬁosgent yl, cycl ohexyl,
cycl ohept yaphttejenbdicaliforic aradarrmimawyd,,anamethamesdlﬂokna: acid. WD 02/ 0535C1
PCT/ USQL/ - 4- 47%? e a%ﬁkan,,sgltﬁ@cfﬁ%gﬂ]oggaﬁi\%d fLAPirof éz@ at%sﬁscguch as ammanium

al kyl (C3- C~0) cyc

straight or nonoval ent,

sat ur at edoaalkqlmttalbalmh&mﬁh gfetal hvdfoslde%lcbr@ﬁn%t@s@ bicagitomates.iiad the like. Such
(CGC-0) CY%S%LMM lﬁlfp&%ﬁh ?t}{fe%aﬁmtﬁi'S']thﬂﬁb]@t}ﬁlE'%dl*udel e pgirpiidd)i n the term
oa

"Cl-C~
15

20

25

30

35

o re th | | owi n
potassmm hyAroXJde ammomum%ydromge potassium cg.rbonate sodium carbonate,

sodjum bicarbonate, potassium bicarbonate, calcium hydroxide, calcium carbonate, and
the like. The potassium and sodium salt forms are particularly preferred. It should be
recognized that the particular counterion forming a part of any salt of 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 qualities to the salt
as a whole. It is further understood that such salts may exist as a hydrate.

As used herein, the term "stereoisomer” refers to a compound made up of the same
atoms bonded by the same bonds but having different three-dimensional structures which
are not interchangeable. The three-dimensional structures are called configurations. As
used herein, the term "enantiomer" refers to two stereoisomers whose molecules are
nonsuperimposable mirror images of one another. The term "chiral center” refers to a
carbon atom to which four different groups are attached. As used herein, the term
"diastereomers" refers to stereoisomers which are not enantiomers. In addition, two
diastereomers which have a different configuration at only one chiral center are referred to
herein as "epimers". The terms "racemate”, "racemic mixture" or "racemic modification”
refer to a mixture of equal parts of enantiomers.

The term "enantiomeric enrichment” as used herein refers to the increase in the
amount of one enantiomer as compared to the other. A convenient method of expressing
the enantiomeric enrichment achieved is the concept of enantiomeric excess, or "ee",

which is found using the following equation:



a: " ' ~--~._. 1" and the like. As used herein, the term
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~ ~Ni ~ ,skill in the art'usidig Gtandwtd tdvhniquksewell known in the art, such as those described by
J. Jacques, et al., "Enantiomers, Racemates, and Resolutions”, John Wiley and Sons, Inc.,
1981.

The compounds of the present invention have one or more chiral centers and may

20  exist in a variety of stereoisomeric configurations. As a consequence of these chiral
centers, the compounds of the present invention occur as racemates, mixtures of
enantiomers and as individual enantiomers, as well as diastereomers and mixtures of
diastereomers. All such racemates, enantiomers, and diastereomers are within the scope
of the present invention. _

25 The terms "R" and "S" are used herein as commonly used in organic chemistry to
denote specific configuration of a chiral center. The term "R" (rectus) refers to that
configuration of a chiral center with a clockwise relationship of group priorities (highest
to second lowest) when viewed along the bond toward the lowest priority group. The
term "S" (sinister) refers to that configuration of a chiral center with a counterclockwise

30 relationship of group priorities (highest to second lowest) when viewed along the bond
toward the lowest priority group. The priority of groups is based upon their atomic
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 Practice”, (J.H. Fletcher, et al., eds., 1974) at pages 103-120.

35 The specific stereoisomers and enantiomers of compounds of Formula I and
Formula Ia can be 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
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used for that purpose.

10 As used herein the term "Pg" refers to a suitable nitrogen protecting group.
Examples of a suitable nitrogen protecting group as used herein refers to those groups
intended to protect or block the nitrogen group against undesirable reactions during
synthetic procedures. Choice of the suitable nitrogen protecting group used will depend
upon the conditions that will be employed in subsequent reaction steps wherein protection

15  isrequired, and is well within the knowledge of one of ordinary skill in the art.
Commonly used nitrogen protecting groups are disclosed in Greene, "Protective Groups
In Organic Synthesis," (John Wiley & Sons, New York (1981)). Suitable nitrogen
protecting groups comprise acyl groups such as formyl, acetyl, propionyl, pivaloyl, t-
butylacetyl, 2-chloroacetyl, 2-bromoacetyl, trifluoroacetyl, trichloroacetyl, phthalyl, o-

20  nitrophenoxyacetyl, .alpha.-chlorobutyryl, benzoyl, 4- chlorobenzoyl, 4-bromobenzoyl, 4-
nitrobenzoyl, and the like; sulfonyl groups such as benzenesulfonyl, p-toluenesulfonyl and
the like; carbamate forming groups such as benzyloxycarbonyl, p-
chlorobenzyloxycarbonyl, p-methoxybenzyloxycarbonyl, p-nitrobenzyloxycarbonyl, 2-
nitrobenzyloxycarbonyl, p-bromobenzyloxycarbonyl, 3,4-dimethoxybenzyloxycarbonyl,

25  3,5-dimethoxybenzyloxycarbonyl, 2,4-dimethoxybenzyloxycarbonyl, 4-
methoxybenzyloxycarbonyl, 2-nitro-4,5-dimethoxybenzyloxycarbonyl, 3,4,5-
trimethoxybenzyloxycarbonyl, 1-(p-biphenylyl)-1-methylethoxycarbonyl, .alpha.,.alpha.-
dimethyl-3,5-dimethoxybenzyloxycarbonyl, benzhydryloxycarbonyl, t-butyloxycarbonyl,
diisopropylmethoxycarbonyl, isopropyloxycarbonyl, ethoxycarbonyl, methoxycarbonyl,

30 allyloxycarbonyl, 2,2,2,-trichloroethoxycarbonyl, phenoxycarbonyl, 4-
nitrophenoxycarbonyl, fluorenyl-9-methoxycarbonyl, cyclopentyloxycarbonyl,
adamantyloxycarbonyl, cyclohexyloxycarbonyl, phenylthiocarbonyl and the like; alkyl
groups such as benzyl, triphenylmethyl, benzyloxymethyl and the like; and silyl groups
such as trimethylsilyl and the like. Preferred suitable nitrogen protecting groups are

35  formyl, acetyl, methoxycarbonyl, benzoyl, pivaloyl, t-butylacetyl, phenylsulfonyl, benzyl,
t-butyloxycarbonyl (Boc) and benzyloxycarbonyl (Cbz).
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5
and the like.

As used herein, the term “(C;-Cs) alkoxycarbonyl” refers to a carbonyl group
having a (C;-Cg)alkyl group attached to the carbonyl carbon through an oxygen atom.
Examples of this group include t-buoxycarbonyl, methoxycarbonyl, and the like.

10 As used herein the term “heterocycle” refers to a five- or six-membered ring,

which contains one to four heteroatoms selected from the group consisting of oxygen,
sulfur, and nitorgen. The remaining atoms of the ring are recognized as carbon by those

of skill in the art. Rings may be saturated or unsaturated. Examples of heterocycle
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as fol | owgrougs U"Ch?élﬁltmgpheﬁéjlr’ 'LH@”G@IV “ﬁ‘ﬁj@? V‘cﬁﬁ-‘@azﬁ 8‘@1@?’9 ﬁe

cel | ul 0Se gy fa T ARASINN o iyl fm&g} @lma%%%ﬂaﬁfh&&%mﬁizbwl §h@sﬂch4 5

-3 5 Magnesium Stear a m~Total 1S0 40 The acti ve
i ngr edi enpynmtdgzi Qlyrazanyl] pgﬂdiainglsmmrefl,pamqui mlmdg)pyam%yl 4S mesh U. S.

sieve and m t hor hl sol n. of n 0 s m xed
i thethe. FEEOTaR OB b RS S PN PERERY Dol s
si eve.s Thgmﬂ{a%]wnﬁ?l ﬁﬁrﬁ{oﬁﬂypﬁﬁaﬁyletmm&ghatnyﬁ%dmlmmdeﬁmrough a No. 1

sl eve. ' The 'sodi um 45 car boxynet hyl starch, magnesi um stearate,
and taI ¢, “pibstiingddictergrysied teprencnisgHheterogyclegmoup snbsigpier|VEHEERE r $%0 PCT/ U SO1

/~-t71 S t
m Xi ng, a%’%ﬁﬁﬁ&%‘c’ggéeve e%(?ugbﬁ%%t?ls%ﬁq]ne%?ﬁ t}&dg{ gn&‘gﬁ ‘)ﬁ{s} ‘each vbe?[;hl ng
| 50 ny. Fq,r6§m|1k}at(l(}grc§alﬁo 105\C o8k alHC grntlaalryin (C1806)alikyhed] (Grent are made

as follows: Active In }gaent ' 80 10 St rcgﬂggwggef%’crocrystalllne

cel | ul ose UsBllkax yaaipemny: |H§9‘P%‘F@8?r§f”@”2 XWB?thl lT#Bingct i ve
ingref(?]entamor?&hclg °o°retnflﬁ6x%g'fe$hyl.and magnesi um st earate are bl ended, passed
2y . . .

t hr oug si eve led into hard gelatin capsules in 200 ng
quantities. 2 QsheedidreinitbateBmSNoNeGI-Codinkkylagandy retent toi anirggea2omy of

active ingredie de 5 Activ r.edi ent

Sat ur at ed SF%?‘P&’C‘%?,’{TE}{\@? %ﬁtcfg ”2108643 I‘?ﬂlmﬁz)lfﬂ?} WI tfg }*}Hﬁﬁf? #ﬁlgs f?({/érg

i ngr edi entcafb%nlamednéltﬂdéau&matmenﬁem @gc&alkylhﬁm ‘aRe-N(CIpgsded in the
saturated fatty amgﬁ(&_f/cerl des previ ousI% nel ted usi ng t he m ni num heat

necessar y N(CHeCHi)et SHo@Hp)2 pdCBICHe B2 GHyugpd ietldey nol d of nominal 2
9 Capf’ﬁlg ity and &sqglac? Herem the term “C;-Cgalkyl-N,N-C;-Cgdialkylamine” refers to straight or

branched, monovalent, saturated aliphatic chain of 1 to 6 carbon atoms which has an N,N-
C;-Cg dialkylamine attached to the aliphatic chain. Included within the term “C;-Ce
alkyl-N,N-C,-C; dialkylamine” are the following:

\ M y N
"(\N/\/ (\ N\N/\/ NN

N N . ' ,
k/’/'\/\/\' K/

20  and the like.
As used herein the term “(C;-Cg)alkyl-pyrrolidine” refers to a straight or branched,

monovalent, saturated aliphatic chain of 1 to 6 carbon atoms which has a pyrrolidine



3 5 Formul ation 7 Suspensions each containing 50 ng of medi canent per 5 m
dose are nmade as follows: 4 0 Active Ingredient 50 ng Sodi um car boxynet hyl
cel | ul osewB®2m8ps6r up 1. 25 nil Benzoic acid solution 0.10 mCTRAISaV@471§.v. 45
Col or q.v. WD 02/ 053S61 PCT/ USO1/-4-t715 -24 Purified water to total 5 m
The nedi canent is passed through a No. ,45 nesh U.S. sieve and m xed with
the 5 sodi um carboxynet hyl cel |l ul ose éﬁ syrup to forma snooth paste. The
benzoic acid solution, flavor and color are diluted with some of the water
and added, with stirring. Sufficient water is then added to roduce t he
required WﬂCbﬁétO the eliphatic cleain.gInctndag within the serpaof thertemy | Ehilsiplkdy be

pr epar ed as f,0l.1 & ve | ngredient 100 ng 15 Mannitol 100 ng 5 N Sodi um
-hydr oxi de %6 ‘#? urﬁ@gﬁﬁ\ﬁﬁ ‘er tototal 5mM 2 0 It is understood by one
of ordinary sk|II in the art that e procedures as described above can

al so be readily -Apmii®d to a, net tiﬁbf treafrng\n ol ogi cal disorders or
*neur odegenerative ¢ I ti’onss< pat |cularly m grai\ne/ conprising

adm nistering to a patlent an effective anount of a conmpound of Formul a |
or Formula la. Conpounds of Formula | and Fornula la can be prepared, for
exanple, by 2 5 followi ng the procedures set forth in Scheme |. These
schenes are not inten tolimt the scope of the invention/in\any way.

Al'l substituepts J:ii of hetWis&~id d, are’bieVbeﬂELyN fined. The
reagents and startlng materials are reatlidy avallable to one of ordinary

skill in the art. For exanple, certain necessary starting materials can be
prepare ikef ordi nary sKki in the art follow ng procedures disclose

d byd tedikef di Kill i h foll ow d di scl d
in United States Patent.s 0 _Na , , 902. (.1 S5 t ) and
5, 446 51 (i ssé‘éd’S%L Eip ¢ ‘Fﬂ9%jéﬁ)%§%‘g%@§g%g§% %%%@mﬁ@ﬁ% HHH
H-,.,) ~ RiBBvdlent, saturatelRZlipHAtitidhain of 1\t66 chrbsn Etokhs(vthi¢h hab)a piperidine

attached to the aliphatic chain. Included within the scope of the term *(C;-Ce)alkyl-

piperidine” are the following:

v NN ' :

10  and the like.
As used herein the term “(C3-Cg)alkyl-morpholine” refers to a straight or
branched, monovalent, saturated aliphatic chain of 1 to 6 carbon atoms which has a
morpholine attached to the aliphatic chain. Included within the scope of the term “C;-Cg

alkyl-morpholine” are the following:

) o
,{\N/\ ' \/\/N\/' ' )\/\/\N/\| ,

S s

O N i I IS

15
and the like.



(2) PCT/USOL/ ~~715 Step B R~0 (3) 0 HH H o~ P205, DMSO N\ ~a2 P9 H Step D
DeoxoHuor a-a~a-~-a, RTF ' Formula |l F' (6) Step G Step E deprotect Step
F F' PRuosohssba WD 02/ 0S3511 PCT/USI11/-1715 -26 | eCIeliroma4Mms st ep
A, the 6-(hydroxynethyl)-2-(nethoxycarbonyl)
decahydr oi soqui nol i ne- 3- car boxyl ate of _jgonpound (1) (wherein Pg is a
suitabl e nitrogen protecting group as defined herei nabove, with
met hoxycar bonyl being preferred) is treated under standard conditions with
a conpound of forrmula Lg-Hal, wherein Lg is a suitable 5 | eaving group and
Hal represents a chloro, bronmo or iodo atom to provide the conpound of
structure (2). For exanple, a_go) ution o ound

uch ai

> 1), di | ved i

.sui t abl e or ganildesis$igaafions s BFRIRIQR ?f%]?t RO Szf‘b‘malé‘ﬁcs"ﬁd’\fg&ﬁ]iﬂéea

]Erle?t eddwgfme%jag@_xcess (2)f a sui Itabl e organi c base, such as triethyl am ne,
ol I one y abqut 1 to 2 equiMa ents of f o | .

-Exanpl es of Lg&:ﬁﬁldeflﬁg?tlﬁ?eqﬁ} }r@t rﬁ%gﬁg%%ﬁgﬁ%ﬁéjfpg%%sgﬁ @{d@{ : §u[|i(8ftf;?

ni t r obenz eumsof therpdgechl ori de, p- bromobenzenesul fonyl chlori de,

p-tol uenesul fonyl, ch h?{?grﬂ@g i n%@{ﬁ%u'ré@l%}% e R notiEib gfemithd ony!

chloride, trifluoromne onY )
receptor, subtype 5, of the larger class of excitatory amino acid receptors.

As used herein the term “migraine” refers a disorder of the nervous system
characterized by recurrent attacks of head pain (which are not caused by a structural brain

10  abnormalitiy such as those resulting from tumor or stroke), gasrointestinal disturbances,
and possibly neurological symptoms such as visual distortion. Characteristic headaches
of migraine usually last one day and are commonly accompanied by nausea, emesis, and
photophobia.

Migraine may represent a “chronic” condition, or an “acute” episode. The term

15  “chronic”, as used herein, means a condition of slow progress and long continuance. As
such, a chronic condition is treated when it is diagnosed and treatment continued
throughout the course of the disease. Conversely, the term “acute”means an exacerbated
event or attack, of short course, followed by a period of remission. Thus, the treatment of
migraine contemplates both acute events and chronic conditions. In an acute event,

20  compound is administered at the onset of symptoms and discontinued when the symptoms
disappear. As described above, a chronic condition is treated throughout the course of the
disease.

As used herein the term "patient” refers to a mammal, such a mouse, gerbil, guinea
pig, rat, dog or human. It is understood, however, that the preferred patient is a human.

25 It is understood that the term “selective iGluR 5 receptor antagonist” as used
herein, includes those excitatory amino acid receptor antagonists which selectively bind to
the iGluR 5 kainate receptor subtype, relative to the iGluRy AMPA receptor subtype.
Preferably the selective iGluR 5 antagonist for use according to the methods of the present
invention has a binding affinity at least 10 fold greater for iGluR 5 than for iGluR, more

30  preferably at least 100 fold greater. Selective iGluR5 receptor antagonists are readily
available to, or are readily prepared by, one of ordinary skill in the art following
recognized procedures. For example, WO 98/45270 provides examples of selective
iGIuR 5 receptor antagonists and discloses methods for synthesis.

17

As used herein, the terms “treating”, “treatment”, or “to treat” each mean to
35  alleviate symptoms, eliminate the causation of resultant symptoms either on a temporary

or permanent basis, and to prevent, slow the appearance, or reverse the progression or



chloride, and the like. (In addition, one skilled in the art wll
appreciate that a halo atomitself, such as chloro, brono, or iodo nay al so
be used awoaz2msasénbl e | eaving group in place of LgO ) The mogacdoi/esvism xt ure
is warnmed to roomtenperature and stirred for about 5 to 15 20 hours. The
conpound (2) is then isolated using stggdard procedures. For exanple, the
reaction mixture i s washed with water, the organic |ayer separated and
dried over anhydrous sodiumsulfate, filtered, and concentrated under
vacuum to provi de crude conpound (2). Colunn chromatography is then

per f or med sewerity ofresyltantsympsomapt the aamed disprder. ehuigieh, B eethagds p6thiHos et hy|
acet at e/ hgxangof enddhipubsoth therapentid ArdchrepHRUBddihlistradiol. | N Schene |, Step
-B, conmpound (2) is treated under_standard gonditigns with a rrqlidi ne of
structure (3) ¥ ‘HP@){??TE’@ th o RifeRiYA 2BOURY FEfers P g-ne(a@qun%;dcgégh&e&
cohrrplound (N bﬁndfhiﬁ@tﬂsim%lé or ﬂllgﬁ ea%st.aamqsuiraﬁ@he@tl? pafiert; Wiith @xovidesphel i ned
et hyl ester f LS, et ..an -1. 5 equi val ent t.assi um carhonate an
heat ed®at 98 q%fepwnéﬁ%gﬁute%qrgegé}la%qﬁ]s ng{?ﬁ%éeﬁ-aggtcgﬁ?t{‘ﬁ E\néouflg‘?angﬁout 60- 70
hours. Theeaddlgckicanined by theaittesding diagdotichint @ oneckilled mptheairt, bethende ebl vent s
renoved under 0 ' [ | d
proceduregq'l §WEE&§§%§§ z}(ﬁgc io%ﬁ&[v g@{ﬁ%@atggﬁﬂggﬁﬁg@fﬁg\og,éﬁ%{a&?g%gﬁsbrI1n m xture
i s parti t ideteentinieg the effestive @moanidoralese phrampousd pduitistergd rp pumbgr of fagtoret her |
and the aqQuUeQys;deRUDy 18X dtteAfing Wi ZnBsticidiE cdidl, Bieidi¥miREReT the Bpetiqrdani ¢

| ayers are conbj ned, "dried over negéﬁlrég%a sod%fu ulfate, filtered, and

L m
concehfr atRANBALEF SF&AgEANE SEPRT B dmﬁ‘ﬁ(’fif?‘?m@&i sosrerty 29 thean
then be punigtdigdinbylved tigrmimaseaphthe ondiiduilgatigr] theiptiicalas vompdind el uent

such as 10-50% et hy], acet at.e/hexanes | th | J O
02/ 053511 PSR /&’Eﬂ@e-" ?d%”t‘%faﬁgi‘% E‘E}’ai’%ﬁgllfé%%’?&g&%‘% Sﬁtih.i ne of
st ruct ur e pt&)aration ddminigateidnibe duset tegimeniseleatstlethe ass of dontereitard anedicatian;t he

resul ting 651 X kb f,\%lé\yagp‘t(i%qm\g@lgest he conmpound of structure (2) to provide the
cture . For

conpound of “stru exanple, Anberlite |RA 67 resin is treated

with Bater, thehtypidel daity deseiwill Fonsaiadroamabauh 8.04imy/ks toghent {Rmedewith a

lsui taflhe Eeagl%&ﬁ &nﬁlﬁ%}é?j iﬂ&}ﬁetaﬁégr@mg}eu}ﬁtdidf tlteﬁt@ne)ﬂ_ﬁ.tBﬁef&ﬂﬂ?,&f{j&ily@%fshﬂll%sh is
ess an abou 0 we ilter cake s co e

1< hydr oxy- BOR 695 HERE PRSP DRy apost RfesFRE i SEREPIEERRAS pht A7t e
stirred atmglkgfor about 1-2 hrs. The m xture is then filtered and the
filter cake wa i i f. i i:lter |

hydr oxypr ol i neS(grt%ﬂvﬁﬁg@p@%ﬁﬁ%ﬁ;ﬁ%ﬁ%reoug@%%d&}]}rné%%lﬁg “TQ‘% Oglf ﬂl????so%?pl%%len ite
1RA 6Z0r eghthd preseat imventionghesher adwinigergd plmepnes arcembinatiop f compings | t er
cake is V‘%Pﬁtﬁe\ﬁfﬁéﬁngﬁh‘g&@c@ﬂv@ i@ﬁiﬂéﬁt@&ep’i&%t&%@ni@&Qbﬁ[‘ﬁdﬁﬁﬁﬂtﬂaﬁéﬂ%o%_{f&[
content of, e wash was | ess than la 0 5’5(%013 v& ght. Thi,s secgtnd filter
cake may tinBAt Hhe oplyABEaPT GYeThe RB YFRF‘%IFH b‘?’%q'i ERPH{ATedIPUPS Lol uti on from
a]pove alr)ld a@nﬁﬁﬂsﬁmmﬂnaﬁ%@@m@e&rﬁm,(p%)qutzauedllls: haraméndmrimrhmammram?a?fsmux. )
After aboyt 2 aurs, the re i i ilLLe . ilter cake
is was hedL{WCf‘ﬂ’ ‘fé“ta?ré‘f%?‘&%’%‘ﬁ%?ﬁgﬁgen‘{’ 3%%%38@8%]‘%})reé‘lféé&t?{?ga%gglr-ggﬁne_d' filtrates
are cohAcerddndbisgrédraswaombinaline of eempriadsapetof the dompovndemay be adminstared

di chl oron GoRtBVebRhs &ralTBRd IR IR YhEoeCRRBRLRFEAH) th frafdtieRhd], L O be used
directly in the next step. In Schene |, Step C, corrpotmd £4),|s oxi di zed
under st arREAFHRNEOPY IRTA¥FROUS P RREsoplay, inlanasal prlmegats dugcal of H‘r"é‘e(c?;l. For

exanpl e, aoffR), i paRiicudir cHEehiteiceeidinee The réuteet flininistdatighmapberattediant oxi de
an the reaction allowed.to,cool sul f oxi def hé added
G ‘

b -10 C. i |
el v BB bl 2T SE  Shefied o e ufporPUSTIAPAG oBRYen B & he 2

conpognd (phriedi sdche/@tegiverdi chl or omet hane. The reaction is warnmed to about

20-22 C over a per| - i e hour s,
.cooled to aboutﬂ&éegﬁﬁgﬂdsﬁﬂgdg{)}gé l\ﬁ\jt%%é%t @&F’@E‘ﬁ’% g%%é@g]ﬁsst_%gﬁ%a rate so
as to mai mharmagentical eeropesipns angatherelnre phermagentingl COYPOSIIPNS IPOARARFIE | s

al | oved to d%h&sooﬁoﬁnulaqtdr FoBAuTE 4 2@ BRPbraN enibelmerdék thb gRsafided to a
-solution of 0.IMHCO. at such a rate so a$ to _nmin he reacti.on

. al n
t enper at uri@veriow SHEbEATPRSTEONT Y dekesay phyied! foen tAbTs RhegPAeRFalY ng

standgkd picegmatie et ofally aéxangitred phsigiacénival codhpgdaitione ard pratienlarly added t o
partition th i Tlge r 3.0 i.s then ext ted 2-6

reagtion m xture ueous, L aye
P r s w  tPraiceiiio S bitomEA i eoBbof auii bt a6 P a e bred el £ HRRE s,
dri ed overamognesi compuinfl@f Eormule i ocBormenis Iairethdimgithe phamasanticallpr ovi de
conpound (5). The crude material may then be purified by chromatography on
silica gel with a suitable eluent such as 10-50%t hyl acetate in toluene or
met hanol / di chor onet hane. WO 02/ (1 S35GL PCT/ USOLl/ ~~715 -28 I n Schene |,
Step D, conmpound (5) is flourinated to provide the conpound of




structure (6). For exanple, a solution of conpound (5) in ethanol is

di ssolved in a suitable organic solvent such as 1, 2-dichl oroethane, treated
wi t h Deo®l02/0535¢1 Bi s- (2 net hoxyet hyl )am no] sul fur trifl uedrdepl/asvds stirred
at R T for about 20-25 hours. The 5 reaction mxture is then treated with a
concentrated solution of NaHC03 and stijgred for about 15 minutes. The

| ayers are separated and the aqueous | ayer extracted 2-6 tines with
toluene. The | ayers are separated and the organics conbined, filtered,

dried over NazSO4 , and then concentrate under vacuum to p CF h
conpound a¢ceniablecsalts.prodsyes. sudhydraanihereob whirh eRisrlive amopt 1?) ©dhg,

? hro ma; og Fa@ﬁaosérbf%d dohdhoRtd tobd AtnsinBtekddaERh @bs@amnﬁm@y cbﬂtaasche dally
.(50:50)tol,uene

t d 10- 50% et t ,
Srep B 1 AB BB uE SR upA Rt opi  Senr Bt il kR ams el o
condi t i onsnwﬂhtd éfitbendosenThdrameurtt of eaghrcowipdend tvebecoymprpineddn efchFdwsage wnitl a.  For

‘Sxampl . WAEREY ik BeliRY BERLORRINY Lo REALASHLNA BF BB ATRRNIRE( ©) 1<

di ssol ved ani‘c so such t hane under an
at nospher éaomrs Qiah asqbnmdmtlom faavdchnisis,given. t Fherpharnacstical cormppsitions phe

reation mmglsﬁ?%nk Shvehti Ry Befo\ﬁnnméd%rae TR TR ER AN, ot deldyed for

10- 20 hours reaction 1s quenched by addition of saturated agueous
NaHCD3. THheleasqwédiesactiyg igradient plder adminisfzation to g RaliROXAMMOYNE WEBr onet hane.
The or ganlkggwar Sodei@@s.conbi ned, washed with a 1IN solution of sodium

t hi osulfate ed over ul fat f|| red, .and concentrated under
vacuuh?t o pI’OVI Hoﬁﬁlo%ﬁrﬁg’ﬂ?fgragpfé ]%ﬁrﬁljfléfml aosaﬁﬁéorﬁjafa ?(}'I 4&fay then be
purified bynamigritmgbaptilytocbost 00cag gdachicompaurslintieviluellpbuant sisgleh as

met hanol / i %*a%g%@%{)ﬁmo n%?ef&éﬁ’l&iaﬂ@xttﬂ% aIBU{n' jdoqﬂg gﬂ%&ﬂﬂﬁ’e 9§ F{é rﬁgé ala. In

Schene 1, mul a trrona ronzed
to the comgou nmutoiosmrfﬁnn ‘arefersiocephysisaldly tiiséfﬁ? uneq qmtklﬂemum#ﬁry ﬁesaawt or For

exanpl e, f u@nt5e£c9rmmeﬁka9ﬁ Ogcpﬁreuétanﬂlaed §udhkiBypeH acade mateﬁapémaumé@toor gani c
ano d with. an eg;cess gq a suitabl e base.

sol vent su me
Exanphes Bt fwfeélr%@eewmﬂ chise. Hh%?é%%“?‘i WH? 8 isRpd argeceulttli um
hydr oxi de cafpier,atientyohssdipiesitde, and the like with | | t hi um hydr oxi de bei ng

preferred. The,}‘“‘ﬁiﬁ%ﬁ%{ﬂ?gﬁ a&dg?e_?d fo prﬁk’]ta‘_é)olzt% Ré?rﬁ]sar:e 'mgl reaction

m xture is the conce rat ed under
vacuum t o cBmpogitions ate comennmadieTh@mhmdthoﬂs phformblatipn useriis pharmaceuticahay

th be t the
chr omat oot SR it B e pet e LOEHE Bl bipek DM U 2 T B MRS 715 1

Schen@0| t@ﬂ@é aheweblaiee cep "ép%ql‘é)tFPé‘lsi BArgRirabeol eRns JRITRRASR) SPTaya SF ot ect ed
and hydr ol P%Rerst roﬂfe@\/slu sitbﬁe§ aaRadAth] @htched mMd suspensions. EX@HEJaE, a
sol ution of co heat ed, at flux for

about 15- f@WBngns e géﬁ?t 2?’8Ht (ﬁg%’ttﬁf’go?g Otlaa%thﬁlcf’mlﬁqsd E:(S to room
t enper at urdepaniingonthe riesietlakbsesrmbdithe type of composition to be used. The amount of

the compound, however, is best defined as the “effective amount”, that is, the amount of
25  each compound which provides the desired dose to the patient in need of such treatment.
The activity of the compounds employed in the present invention do not depend on the
nature of the composition, hence, the compositions are chosen and formulated solely for
convenience and economy.
Capsules are prepared by mixing the compound with a suitable diluent and filling
30 the proper amount of the mixture in capsules. The usual diluents include inert powdered
substances such as starches, powdered cellulose especially crystalline and microcrystalline
cellulose, sugars such as fructose, mannitol and sucrose, grain flours, and similar edible
powders.
Tablets are prepared by direct compression, by wet granulation, or by dry
35  granulation. Their formulations usually incorporate diluents, binders, lubricants and
disintegrators as well as the compound. Typical diluents include, for example, various
types of starch, lactose, mannitol, kaolin, calcium phosphate or sulfate, inorganic salts



5 vacuumto provide the conmpound of Forrmula |I. The compound of Formula |
may then purified by techniques well known in the art, such as cation
exchange EQ0¥ABSegr aphy el uting wi th net hanol | wat er fol | oR€d/UPP1/24ME anmoni a
i n met hanol or ethanol to provide the purified conmpound of Formula I. In
addition, one skilled in the art will pkgcognize that the conmpound of
Formula | 10 can be esterified under standard conditions to provide the
conmpound of Forrml a la. For exanple, the conpound of Formula | nay be

di ssolved in t | e, organi c sol vent and treated with
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| may t heniletudimgnacaciny dgiedtes, mdhyleeimﬂqxbmolmmﬂpym@mrﬁdhfphb&n de the crude
rconpoupd, %13&?1&{]&{!3 gllykgl etﬁgfﬁélhﬂﬁge &b axBBY; ntdqﬁlnseh?e Riddeted by techni ques

wel I  khown as ca I'on exchange chromat ography el uti ng with
met hanol / wat er Thbletscueeftanconter) vafmsarasiaflavonaisbicalagt. pFhaGOmPoNREs BEY | f i ed
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which are all %elruﬁh'&m't CSHRAHAL Sy Y a LBl f&Bfifation to prRRAURS tabRE add®

synthesis of t

6- ( hydr oxypheehey frompsticking e ihecdie. b bhs ubdesh inchosandeoiseh slipeery seligamsxy | at e

I nter{m‘dl 3418, mabhefithn aﬂqﬁrc%kﬂﬁn &&M?eﬁeﬁuggﬁ%ﬁﬁ hlzitddiv etdbhﬁnléfS g;lena .
i nvention, are own, I N Scnenes a an
0 LortRe po 1 TobeL sk A bR SBSRTIY e Bt 10 BEAR GBS e 715 H N

~0H N ~ Pgabitt(ahd #gledse heldobhpolind: Phzy ibkluddGarches, clays celluloses, algins and
gums. More particularly, corn and potato starches, methylcellulose, agar, bentonite, wood
cellulose, powdered natural sponge, cation-exchange resins, alginic acid, guar gum, citrus
pulp and carboxymethylcellulose, for example, may be used, as well as sodium lauryl
20  sulfate.

Enteric formulations are often used to protect an active ingredient from the
strongly acid contents of the stomach. Such formulations are created by coating a solid
dosage form with a film of a polymer which is insoluble in acid environments, and
soluble in basic environments. Exemplary films are cellulose acetate phthalate, polyvinyl

25  acetate phthalate, hydroxypropyl methylcellulose phthalate and hydroxypropyl
methylcellulose acetate succinate.

When it is desired to administer the compound as a suppository, the usual bases
may be used. Cocoa butter is a traditional suppository base, which may be modified by
addition of waxes to raise its melting point slightly. Water-miscible suppository bases

30 comprising, particularly, polyethylene glycols of various molecular weights are in wide
use, also.

Transdermal patches have become popular recently. Typically they comprise a
resinous composition in which the drugs will dissolve, or partially dissolve, which is held
in contact with the skin by a film which protects the composition. Many patents have

35  appeared in the field recently. Other, more complicated patch compositions are also in
use, particularly those having a membrane pierced with innumerable pores through which
the drugs are pumped by osmotic action.



HHN Step B o~ Step C R2-Br, Et3N N~pg 1) BH3, THF ACN H 2) NaCH, H202
(iit) HNO\off N~ Pg H (1) Scheme IIb Step A~ ,.~, N\ R2-Br, Et3N ACN H
H Step BWON2PHRBPCH3Br ~ Pg K-tent-OBu H (ii) Step C 1 ) BE3I/USPHA472} NaOH,
H202 HH ~o~ N\ P9 H{i-b) ~OHH _/.. H ~I pRz N~ P9 H {1) 5 In Schene
Ila, Step A, 6-0x0-decahydroi soqui nol i_tﬁ\_— 3-carboxylic acid is treated with
nmet hyl t ri phenyl phosphoni um brom de to provi de the

6- met hyl i di nedecahydr oi soqui nol i ne- 3-carboxylic acid of conpound (i-a). For
exanple, a slurry of 1 equivalent of, L ) _

6- 0x0- 2- met hoxydafellawing wbleangvdes aulustrsive Helof fermupdiopsseitahls wrages WO

02/ 053SGl wilth®edrhpbeiabé EmﬁlB%éd ARebreberft if@Hiival ERY Blleking is p{jovidedr?nly to .
0 nechani cal |y

-met hyl t ri phenyl phosphani um i,de in THF and s stirre

inder an Blieadisias YOt An SheHo BPCabracn g DHgine B umton

t e~-t - but axy daysol ution (2.4 equiv in THF) is added dropw se over a 10
‘mnute period. The slurry is allowed to warmto roomtenperature and

stirred thus for 2.5 hours (conpl eirgn%lationl

Hard gelatin capsules are prepared using the following ingredients:

10
Quantity
(mg/capsule)
15 Active Ingredient 250
Starch, dried 200
Magnesium stearate _10
Total 460 mg
20
The above ingredients are mixed and filled into hard gelatin capsules in 460 mg
quantities.
25 Formulation 2
A tablet is prepared using the ingredients below:
30 Quantity
(mg/tablet)
Active Ingredient 250
35 Cellulose, microcrystalline 400
Silicon dioxide, fumed 10
Stearic acid _5
Total 665 mg
40

The components are blended and compressed to form tablets each weighing 665

mg.

45



5 TLC at this time). The reaction is partitioned between water and Et OAc
and the | ayers are separated. The organic phase is extracted 2 tines with
wat er andvoOlpom§eleous portions are conbi ned and washed 2- BCTIUSOE 447l h

di chl oronet hane. The aqueous solution is made acidic by addition of 6 M HC
solution and extracted 2-6 tinmes with _gjchloronethane. These last three
organi c extracts are conbined, dried wth sodiumsulfate and 10
concentrated under reduced pressure to provide the conmpound of structure
(i-a). In Schene Ila, Step B, the internediate

6- met hyl i di ne- decahydr oi soqui nol i ne-3carboxylic acid (conpound (i-a)) is
esterified by reaction with a conpound of fornmula R2Br (where R2 is as
-herein defined) to provide the

6- met hyl i di ne- decahydr oi soqui nol i nEex3ualation Pl at e i nt er medi ate of conpound
(i1). gror exanple 6-nethylidine-2 15

“met hoxycar bonyl r | | solved in
acetonitrile and‘gl ‘t&?&cf%m%ﬂﬂté}?grﬁ@?%ﬁ?ﬁ@ andfog1 ‘grﬂ}? ﬁﬁﬁngd 'I§'he reaction
i s heat ed—at—56€-for—about—3—hours;—Ttootred—and part1troned bet ween 50: 50
et hyl acetate/ heptane and 1N HCL. The orgaq@pgﬁ gse is isolated and washed
3 times with water, saturated sodi um bicarb it é brine, dried over
anhydr®bus vacuumto 2 0
provi de the conpound of structure (||) This crude material is dissolved in
10% et hyl adetia¢ ignalerine and applied to a pPd§ of silica gel (10 g in 10%
et hyl acet aEg{anept ane). The plug is eluted w9.RAS 10% et hyl acet at e/ hept ane,
15% et hyl apgipahigitpept ane, and 25% et hyl acev@e/ heptane. The eluents are
conmbined  andofaTiRRbMahask)under vacuum to provide the purified conpound of
structure (ii). 2 5 1n Schenme Ila, Step C, the
6- net hyl i di Rggglecahydr oi soqui nol i ne- 3- car boxypbape i nt er medi ate (conmpound
(ii)) is subjected to hydroboration, followed by oxidation to provide the
6- hydr oxymetthyt=decahydroi soqui nol i ne- 3- car boxyl at e 1 nternedi ate of
conpound (1). For exanple,
Et hyl 26- et hy| THe netive-avetrioond isaniseh pithethangbans the mixuest added 5 aparHon9f at e i s
di ssol Vedtﬂe@rggglaﬂf]% %ggieﬁ%t ?QH&'Han&é@cﬁoQ fUNEL deBle. atepiRIde Of

nitrogen with ution of F ded dr qpw over 5-7
ni nut es aABROURES Fh?’&cfﬁ‘? tha ﬁﬁuaieé% gegl gontpingey @'EF ‘ir EP CLWHElt eXCHS gr%fstge 10 to
12C. ‘The peEFelAANTHE vhiveRinfid Sekbentfitealie themohtuisersui t abl e base, such as
l'ithiumor sodium hydroxide, and then treated slowy with 30% H202 over 15
mnutes. The reaction mxture is alphpyafhtion 4/2rmto room tenperature and
then partitioned between ethyl -acetate and 3 5 50% saturated sodi um

chloride sol uti %ble?ygacﬁlggﬁgﬂﬁg d@yrﬁ% ﬁf §ctf§§'ﬁr§§%&1@ﬂ a‘f% Bﬁd@%{‘ﬁ@!lo@get ate and

t he conbi ned organi Cs are was isulfite so Ion, brine,

dri ed over—WO0206S35(1+PCTUSO1—4-471S—32anhydrous sodi um sul fate,

filtered, and conceﬁ%rated under vacuumto p%B%fde the internedi ate of
conpodfd ( 1)ActiXe drgredientyel y, t he mg

6- hydroxyneﬁ%??h 2- met hoxycar bonyl - decahydr0|§é fiol i ne- 3car boxyl at e

i nt er medi at Micrasmystaling adllplosey be nade accor @PMgU€o the synthetlc route 5
descri bed i PoBofmdpyridlidlon¢ n Schene I1b, Step AOmg

6- 0X0- decahﬁdﬂnmsombomphmnﬁsemdrboxyl|c acid 4§1®Ster|f|ed by reaction with
a conpeund Magnesiom gedtite Br (where R2 is as h@bfeagy defined) to provide the
6- oxo- decahyf®i soqui nol i ne- 3- car boxyl at e i nt di0mdi ate of conpound (i-b).
For exanpl e 6-o0xo0-2-net hoxycar bonyl - decahydr oi soqui nol i ne-3car boxylic acid
i s dissol veerdy) acetonitrile and treated w thisggghyl am ne and bronoet hane.
10 The reaction is heated at 50C for about 3 hours, cooled and partitioned
.betmegg 50750 erhyl acetat e/ hept ane and IN HCLC. The organic phase is

i sol ated and washed 3 tinmes with water, saturated sodi um bi carbonate

brine, dried ovidhe aghiveidgrdiens stiramnrdcellase arq paseadetirough@ N A8 anesh -84
“under vacypg tag Péﬂtﬂ@roh?ﬁl CQHPQélﬂﬁlor%f pﬂwﬁyl 91@01{(10119)13 mﬂwwmse

material is dISS [ t at e/ ane | ug of
silica gelrespiapt %Vdﬁrﬁ‘ﬁ @b%eéb?{yﬂ’as%@ég’éﬂuéhﬁ dftayes ?‘ﬂ§ 55‘(99 gé‘?nb‘g%
wi th, 10%s8tphwduced:a’feaﬁneﬂ hesieavad phbd eliribh amt 28 el L Sinteveate 2&ftuat hy|

t at e/ hept trat t
R e R S S G R

t he 6- oxo-decahydroi soqui nol i ne-3-car boxyl ate internedi ate of conpound
(i-b) is treated with nethyltriphenyl phosphoniumbromde to 2 0 provide the
6- met hyl i di ne- decahydr oi soqui nol i ne- 3- car boxyl ate of conpound (ii}. For
exanple a slurry of 1 equival ent of

6 - 0X0- 2 nethoxycarbonyl decahydr0|squ|noI|ne 30arboxy|ate (conpound (| b))

B N S T T




toorally; "i.p." refers to intraperitoneally; "eq" or "equiv." refers to

equi valents; "g" refers to grans; "ng" refers to mlligranms; "L" refers to
liters; 'whboabars to milliliters; "~L," refers to m crolpctrarssyimol "
refers to noles; "mmol " refers to mllinoles; "psi"” refers to pounds per

square inch; "mm Hg" refers to nillirre_b%rs of mercury; "mn" refers 10 to
m nutes; "h" or "hr" refers to hours; "refers to degrees Celsius; "TLC
refers to thin | ayer chromatography; "HPLC' refers to high performance
l'iquid chromat ography; "Rf" refers to retention factor; "R-" refers to

r et ent i onmeshES. sigverase thes addedyqrthe granules Whichaftgs s ing irg cpmpgepsed on 2

t et r amet hylyedt hdeRine td Yleld tabieRleacH RefeRingalpeiof uran;, "DVF" refers to

.N, N-di net hyl f ormam de]; "DVSO' refers to dimethyl sulfoxide; "aq" refers to
aqueous; 15 "EtOAc" refers to ethyl acetate; "iPrOAc" refers to isopropyl
acetate; "MeOH' refers to net hanol FormgBtonSefers to tert-butyl nethyl
.ether;5"RT" refers to roomtenperature; "Ki" refers to the dissociation
constant of an engppeiareaclycmitsining@Opheredinamenravemadsasiollowstex of |i gand
bi ndi ng; and "1D50" and "nil00" refer to doses of an adm nistered

t her apeuti c agent which produce, respectively, a 50 % and 100% reduction in
a 2 0 physi q{cggéﬁ%lredagﬁponse. Preparation 1 8mgPreparation of

[ 3S, 4afR 6S, WH 6- et hyl i di ne- 2- (et hoxycar bggiye) 1, 2, 3, 4, 4a, 5, 6, 7, 8, 8a-deca
hydr oi soqui Rtotdd 31 I‘é%ﬁ@é%éc acid. HH O C&hiy OMe H O A slurry of

met hyl tri phi\gélan 5181%% g, um romde (12.4 g, 34 mml) in THF (25 nm) is
cooled to - {0 - under an at nosphere of ogen and treated with
sodium 3 0 hIexalmet hyl di si |l azi de (35 m., of %éMosol ution in THF) via
syringe over lto 8 minutes with stirri ng. Maction mxture is then
stirred f j i a over 3-4

m nutes to [3S, 4aR, 6S, 8aR] - 6- oxo- 2- ( net hoxycar bonyl.)

1,2,3,4, 44,5, 6,TY)e%et&%-id%@amg&ahﬂ@ﬁpm@hj M Paghosiboeydarate aritlerdd®. 0 g, 26.6

nmol ), WO 02/ .0S35C1, - PCT/ USUL/ . 1. 1715 Lch h revi ousl een
(feal od wPEHQ BPUER AR Ty BROTISLtgs bl Shtatn LM B RS ey o
0-3C and stirred for 10 m nutes] dissolved in DMF (20 nL) and cooled to
0-3C 2Ader an at mosphere of nitrog&@rmylationiés ol | owed by a THF (3 nl)
rinse of the flask holding the Wttig reagent which is also added to the
reaction m Xén}abggsnoﬁéﬁeécﬁ%htamnmzﬂ B Rf hétivehggtedichionBfibé Ma8dd by follows:S

m nutes at 0-3C, then allowed t0 warmto roomtenperature, and stirred for
an additionmatr— 3 hours. Ethyl acetate (100 nL) and water (50 nL) axe added
W th irring . and then . the |ayers are se d. The organic layer is
extra %ed wﬁwﬁg}?ﬁﬁ Ig% @L%? nd the conb%%gﬁqf@g% us portions are washed
with et hyl eRERRS YA BY nggs nm). The aquetrus—rét hen treated with 6M HO
(15 m) and _ 10 extracted with nmethyl ene chlgride (3 X 50 nL). The organic
extracts ar el ed over anhydrous sodi um sul fzgt)tzé,m% | tered, and

concent r ated—under vacuum-to—provide—thetitle—corpourd{6.59 g, 98% as a

yell odloil. Alternative synthesis of

[ 3S, 4aR, 6S, 8aRjTH 8B bicdicRes aé FB INOANFANBOHY Ik HDU.S. sieve and suspended
1,2,3,4,44,5,6, 7, 8@)&% deci%g%fdr Qi,so UI,I’IO]I nei 3-car b%yl j ¢ _acid. slurry of

[ 3S, 4aR, 637 Sigrsptumated ity apigesl HSRIBSRIEYRYTY Melted Ysing e mingmymAICatRecessivir oi so
qui nol i ne-Theanik sl then poviret indda Bupgppsithrd Bidldrof noniingl 2gvapacitpand cooled.

met hyl t ri phenyl phosphoni um brom de (66.4 g, 0.186 nol, 1.4 equiv) in THF
(150 gt) 2 0 and DWVF {25 nl) is stiporghldismAani cally under an atnosphere of
nitrogen and cooled to -10 C. Potassiumtert-butoxide solution (187 nL of
1.7 Min THF, 0.319 nol, 2.4 equiv) is added dropw se over % 10.m nute
period. A ﬁuwe@mwﬂﬁmﬁﬁl@aggemg fnedicamgnt P@frﬁp F?ég‘a%etagem aAs foﬁl]n@‘f”éése of
.the reaction tenmperature to 6 C. The slurry is allowed to-warmto room
tenperature and stirred thus for 2.5 hours (conplete by TLC at this 2 5

ti me) 40ReactA@iveilsgrpdiedti t i oned bet ween B8teg (250 nl) and Et QAc (250 nl)
-and the | ayeSaiai catbepanahydellilbes or gani ¢ ph&®engs extracted with water (2
X 100 ni) arglrihe aqueous portions are conbinegs and washed with

di chl or onet hggoicacid s8fiftiofil.) . The aqueous solpufg@n i s made acidi c by

addi tion of §,M.HO solution (50 ni,) arglc_iv.extract ed with dichloronethane (3
X 150 gL}. 7? | ast three organic extracts afe conmbined, 3 0 dried wth
sodi uirsul fat & and concentrated under reduced’ pressure to provide the title




conpound as a yellow film (36.17 g). Estimated potency of the product by
proton NMR is 89 wt % (renai nder residual solvents) for a corrected yield of
32.2 g (9WO6Ms3561 WO 02/ 0535GL PCT/ USOL/ - g715 - 35 Pre~ar atricarusat/®erepar at i on
of [3S, 4aR, 6S, 8aR] - Et hyl - 6- net hyl i di ne- 2- (et hoxycar bonyl )

1,2,3,4,4a,5,6, 7,8, 8a- decahydr oi soqui QQM ne- 3-carboxylate. HH O ~~ CEt N
Owe H5

[ 3S, 4aR, 6S, 8aR] - 6- net hyl i di ne- 2- (net hoxycar bonyl)-1, 2, 3,4, 4a, 5, 6, 7, 8, 8adeca
hydr oi soqui nol i ne- 3- carboxylic acid (6.59 g,_26.0 nnnl prepared in

prepar at i onPayfighwatestodptabd in acetonitrile 2% ni) and treated with
triethylanine (7.25 m 52 mml) and bronmpethane (5.82-nl, 78 mmmol). The
.reaction is heated at 50C fox about 3 hours, 10 cool ed and partitioned

bet ween 50: 50 I s)

or gani ¢ phase ?égl}ﬁggll%g]?&ﬁ ?é%@é?hﬂﬁtﬁ;éﬁ Sméﬂ%é%%nﬁﬁf%‘gtg;ﬁged

-sodi um bi sk cabexysehyticp!lulesd and sysw tﬁwrm alsmeat PRStE- a"hﬁwrzewsa%dl um

sulfate, [gild& ?ﬁlvox%q <5RPGRMifuRddR ek RIS ot/ R Witer kd Rdded] WRh bisgingr ude title
conmpound as_an anber oil. This crude material is dissol ved in 10% et hyl

acet at e/ hﬁﬁéftﬁéﬁ@t patr F?E?e‘h?f’dle‘éﬁfbl’lioéﬂlcettbeEFCJ}HFG%V‘E)]PI“ES silica gel (10 g in 10%
ethyl acetate/heptane). The plug is eluted with 10% et hyl acet ate/ heptane (
10 mL), 15 % ethyl acet ate/ hept aneF¢ormalatiph8 and 25 % et hyl acet at e/ hept ane
(90 mg . The eluents are conbined and concentrated under vacuumto provide
the purified titled conmpaaveto(SioBdhuintion itdy beprepardl asifdléses:o0i | . 20
Preparation 3 Preparation of

[ 3S, 4aR, 6S, 8aR] - Et hyl - 6- (hydr oxymet hyl ) - 2- (et hoxycar bonyl )

1,2, 3,4, 4a, ﬁcﬁng &ge,gecahydr oi soqui nol i ne- :ﬁogzﬁlrgboxyl ate. HH H O HO-~~"""

[3S¥§V‘6§S 11r thylldlne2(rretho§y(5: qbonyl) 1,2,3,4,4a,5,6,7,8,

8a decahydr carboxylate (2.0 g, p 11 nmol , prepared in
preparatlon?B? %g %@t&PV‘d in THF (10 nl) an& eptane (2 rnL,) and cool ed

to about -—A5Cunder—an—WE-62OS3S61—=386—PCTHUSOL—1=4715 at rmsphere of
nitrogen with stirring. A 1M solution of BH3THF in THF (3.91 nm, 3.91 muol)

)5 ,2aapd AT oPWSR W Q&Kiosd by BhOWH SRindRAIGIN, hERR R the Rodlduldsada %&_hb@&)out

2-4 rs at o - reac reate t hano
over 2 ni abwwsaniasoe balréasily @ppliediararmethodoifreating n?‘@ﬁ&gi%hdllsgrd@ﬁ@ﬁ treat ed

slowy wi o) SinBYidmlfyteAsitiotd gutiend 30%
H202 (1. ZBQuramoéghgl_%ﬁ@%dtﬁmstg@S%gﬁfbg%lmgralﬁ Cbﬁ\pﬁ%ﬁ?on tengerature r emai ns0

bel ow 30Cp® efifpeiivieamaunbef a.5o0Rauad Pﬁﬁaw@aéar room tenperature for
30- 45 ni nut esCafpotiBof Farrhilh I aneBomeilniecanetepydpasi fategaiple, by ) and 10%

codi U bi e TPE UGB ol St ARsch ARt oliRECABEY bt 070
sodi um suItHeaacepe afxhe inventiendin aapavayo rfdbmhsmu@msms O(b&é‘wmft dicagfdodicde t he
title CO”B%%S‘)ZdeQﬂmﬁl) TRSre8pdt®d Hd #58ng Haterials are readily available to one of
ordinary skill in the art. For example, certain necessary starting materials can be prepared
by one of ordinary skill in the art following procedures disclosed in United States Patents
30 Nos. 5,356,902 (issued October 18, 1994) and 5,446,051 (issued August 29, 1995).



EXAMPLE 1 15 3S; 4aR, 6S, 8aR Ethyl 6-(((2S)

~- (Et hoxycar bonyl ) -4, 4-di fl uoropyrrolidinyl)nmethyl)-1, 2, 3, 4, 4a, 5, 6,

7, 8, Ba-weoahisdeéioi soqui nol i ne-3-carboxylate D (-)-mandelPCa/ts0i/dd7B80 O N F
20 F A Preparation of H D- (-) - mandelic acid O Chiral ., NO~~ OHO
SSO-,,, Or NvO- HO 25 WO 02/ 05335l -37 PCT/ USQOL/ ~~715 A sol ution of

[ 3S, 4aR, 6S, 8aR] - Et hyl - 6- ( hydr oxynet hyl ) - 2- (net hoxycar bonyl ) 1, 2, 3,4,4a,5,G 7
, 8, 8a- decahydr oi soqui nol i ne- 3-car boxyl ate (37.5 g, 0.125 nol) and
triethylamne (35.0 nL, 0.25 nol) iﬁcgtmi (94 nmL) is added dropwise to a
sol ution of pnitrobenzenesul fonyl c FPa , 0.125 nol) in EtOCAc (94

. Reaction is allowed to
thed by saddi tion of water

nm.) maintainedyat Q-2
warmto RT and]stfred flor abseta 2.5 hr.,
(100 ni), H ) Na@n d—brwe 0 ¢ | ayer s—are—separated and

t he organi c pha d wit higHd NaHC03 § i oN_ (150 nl), ne (150 m.)
-and dried over ‘M4 Comcentration in vacla Y ovirdes t h&STKt | e conmpound as
an oil (58.9 g, 979 . 'H NWVR (CDC13) 88.41 (2H, d), 8.05 (2B~g), 4.38 (t,
10 1H), 4.17 (m ZI(J‘}, 3.97 m 2H), 3.69 (s,ﬁ}%l—l), 3.39 (m 28),} 2.12 (m
1H, .85 (m 3H,'1.55 (m 5H), 1.25 (m 5My. S. Preparatioyf of OO N""..
O 15 Chiral OO H O- Anberlite IRA 67 resin (334.7 g) is trgatd® with water
(about G0 nL) and stirred. The m xture is filtered and the filter cake is
washed with acetone until the water content of the wash is | ess than 5% by
wei ght. This filter cake is conbined with hydroxy%roline

(addition tiney 3Q, mp.

R StepC

P,0,, DMSO
CH.G,

Step D

Deoxofluor
G-CH,CH-O, RT.

Formula | Formula la



2 0 ethyl ester HC, 72.7 g, 0.372 nol) and acetone (700 nL) and the

m xture stirred at RT for about 1 2 hrs. The mxture is filtered and the
filter cak@02/853fashed with acetone (300 nL). This filtere@CIASO/#TAS of
hydroxyproline ethyl ester is used directly. A slurry of Anberlite |IRA 67
resin (465 g) in water (about 900 nL) p& stirred and then the mxture is
filtered. The filter cake is washed with acetone until the water content of
the wash is less 2 5 than 5% by weight. This filter cake is conbined with

t he hydr oxypr est sol ution of the
corrpoﬁnd f)rlg Ofé‘tg]%e]ﬂei e‘PeEGﬁgé?ﬁ&dﬁ‘b&%%ﬂ%%(ﬁ?ﬁ%&%ﬁﬁ’or@ bout 150 nL) and
the m xt udahwirbiesuasblint-3-&@ibarylatddt @mpmbnd (1) I¢héaein By istawitatdaaittogan i s

-cool ed and fi I tered. The filter cake is washed wi th dichl 0{? r@n‘hane éabout
300 nl) apr@tectiag gm@ﬁé%fmeﬁ|h@feamaé>§vwéﬂblaﬁé@ﬁw@9w Qeing prelsgredia repte

residue ig g Qtaﬁ&) S&}cﬁ%n‘%% t{?g%rgf)&ﬂld s re@% e?éth §s&1ﬁbﬁr OV{/\%E

‘the title conpoun as an e use e ne st ep.

02/ 0535( r lkavid@ gfoupRne Bl adprasentst cﬁ]opo bt br @ido Iatd?m Gbpfdw@a@hék@&pound

PCT/ USO01/ ~, 1715 5 Di chl or onet hane ut 230 gb)t js treated V\‘I)]

phosphor oRstiERT®$) g Eox epampe, g solyti 99 ﬁ‘HPBO”QH Fissolysd rasuita 8885388: to
about - 10sdverPk L ¥ chwb&%bﬁ@ar(@&oﬁedqo 03¢ 38 trEmbQ with andslesks bPa bli@bIg Xt ure

at such a rate that the reaction tenperature remains at about 10 C. The
reacti on omgasitibasessuchtas ateshylamirng, ollomdd by ebewd tei2taquiyaleats efiagamppurde

conmpound of . Ste o] in. dichl neth a h arate
that the P E‘E“P%r{‘glgg éﬁ‘ﬂ ?E‘gﬁiﬂéﬁ]oﬁ%‘%ﬂgl gt &’%ﬁ n[%ggf(mg 8%':1% Breactl on
I's wargredpf@baiehdsufonyl %hran@yep' bﬁ)n’i(ﬁiélnivﬂbl{lﬁfoﬁﬁl dh)orhiedp-ssluenesalfamykr ni ght
then cooled to about O C and treated with triethylamne (83.5 g, 0.825 nol)

at such achlaride, bpuzenesyifopdhlarisls, Iﬂlé?bﬁ@sakfen% chlerds: ﬁ@ﬂwomﬁ“@ﬂ@ui opd

reaction i t Lon is
L vo egRq ANl BhHdbfics o Yhiflidih Wil O dophRithie w8 RAIBIIA SN |
such a r afteelf]l Sudhhatchlohe breaciordodd miap elsabe ngedras mesuiisbl ddavingigiod. inAdidet | onal
di chl or onef han about 460 nL). is ed and the stirred briefly
Cnd t he | SURR) abR Rt miviNG is HREBHC EP B el T i i S o

di chlof omeg hane. TabesthpdR@ (s tﬁ@ﬂs&]ﬁ@d%@iﬂ@'sﬁﬁdar@rpﬁfb@ﬂ@reQXFdSmhﬁl Ry, hewashed
w th 1M NaHCO3 (about 460 mi.). The | ayers axe separated and the organic

Iayer i s thaciéeh mdvrennyashsd withswntenthe raanic byeewsprratcd and dgied 8¥Jo. The crude

d 35% Et OA
R e e R e s s o
504476) . cdsing{md( ma)xm%h&ﬁm(mgraﬁhﬁ)s theh. pkfofmed with on3ilitad gehwitaH), 3. 70
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U2/ U%Gl -39 ﬂn'SéIf%LnecI) QeFBOcNﬁPound (2')\11sct)r‘eated'{lnﬁexl'étéadegrédrﬁmoks witha A

sol ution of the compound from S above (8.9S g, 0.0205 nol) and et hanol

(0. 227 any@olﬂBﬁ@omeu}‘turmGl tczpmvuiwl the eampramd of aBuaie (s Forezamplewi t h

Deoxof | uog A]Lound (2) is mixed with about 1-1.5 equivalents of 4-hydroxy-L-proline ethyl ester
R is ethyl) and 1-1.5 equivalents of potassium carbonate and heated at reflux in a
suitable solvent such as acetonitrile for about 60-70 hours. The reaction mixture is cooled

25  to room temperature and solvents removed under vacuum. Compound (4) is then isolated
using standard procedures such as extraction techniques. For example, the reaction
mixture is partitioned between water and an organic solvent such as diethyl ether, and the
aqueous layer extracted 2-6 times with diethyl ether. The organic layers are combined,
dried over anhydrous sodium sulfate, filtered, and concentrated under vacuum to provide

30 compound (4). Compound (4) can then be purified by chromatography on silica gel with

a suitable eluent such as 10-50% ethyl acetate/hexanes or methanol/chloroform.



5 (2-nmet hoxyet hyl )am no] sul fur trifluoride, 6.5 nL, 0.0353 nol) and the
reaction is stirred. at RT for about 21 hours. The reaction is treated with
a sat ur aMe@0FeA36Gl on of NaHCO3 in water (60 nl) and the nP&TAUS81/#61% hen
stirred for 15 min. The layers are separated and the aqueous portion is
extracted with toluene (about 45 nlL). Jhe layers are separated and the
tol uene and 1, 2-di cl oroet hane sol uti ons conbi ned and dri ed over Na2S04. The
drying 10 agent is filtered and the filter cake is washed with tol uene

(about 30 m_,). The filtrate_is co ntrated i ~z.vacuo and. the .residue is
di ssol ved in 5&ismaiiyly, ePBh%BY%ﬁ@e ti‘?eél)_ E?& CPng'SBI“ﬂm%n is then

appl : ed Ej ﬂmab%rlaslﬁ@hﬁe«talksena:mbu?nh{mgangmm tl‘éﬁIEGSO/mhahmmnpdmﬂbﬁalegctu@ol um
is elute th 50 tol uene - hepta out 430
m), 10% & B e By &Oéﬂ%ou(‘gfigf}f”c@ﬂﬁ?ﬁ)ﬁg%ﬁrﬁ@ fid R4 8}f]{li"e§ng’t°)(about 86
15 ). Freatd with w:nttereﬂhmesttrreclcamﬂéxlnernganlduhqeﬁh@mpb@wasl@dewthcﬁmmtﬁbla and
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sol ution e co%oun eﬁ

di chl or onBoneateve & &ﬁolv@omf)comun%(ﬁeﬁ@ tb&%wreét?a@)aw uéoéﬁf@aa'?‘aﬂo 5 C
and Ereat Q@lhwlnfshthé réa66H fs'cﬂ&%@ﬂgffﬂt%é Tlilea?fll?er@aké)i];s%ghdgnbl)th dg OEWI se. tEhe
reaction is 0 r or abo ours en is
concent rati’é‘ m@é’&“u@b ﬁ@bPﬂQaaﬁglﬁ ?%ﬂ%deﬁlﬁa £ 8% CfOPB‘?ﬂ 2 CREtohy |
t-butyl eu‘hefesuhﬁvmyahert benescérnared fsord idéhbdromethiane ¢vBiE! ﬁmbsuxpr@@ld:rL) and

t ol uene (about s ed NaHC03 (about 100 ni),
1N sodi um PHP9Y dlo(f4g1ffgan(a&g bt%u\%%g&%lylgn%cf vva?ge?ﬁ(about 100 nL). The organic
10 layer is concentrated i~a vacuo and the residue is concentrated from

MIBE several tifBeheaitd, $REIT, b@mﬁduﬁﬁic(hyﬁcbmldizédmhnﬂbﬂaaxﬁc&b@cﬁndaﬂ)mo gﬁfﬂd t hen
is treated with a solution of D-(-)mandelic¢c acid cﬁ 0181r78
MTBE 3@bothe @mpﬁﬂ)ld offsteictrg {3+ Eof exXagnle.rasglution et df OTO’QB@&‘E‘“’ 15 158tG é”lEhnen is

cool ed to Bﬁ(? é:bgntg%&l%? A $e' rE4&n aﬁBw@@ oot td1HuE - 10PEE DindermhIBRERIdL -aci d

salt is c tration, washed wth cold MIBE (about 73 nL at 15
about -15 1£z)ddad dvuhsstxdunﬂtdtth)e r&acircysnmtllme nethep krieated &/ith% sglutipn offFompepndvR

EE]NSSE? 2])3(% keﬁ%éi”})@?%éﬂzangﬁp%{eag@ isl4§é12e(1(t6”a3?‘_¥6'?,)zo-ﬁ§;’g5o(v%{”h E%ﬂ%d 3. 81

1. 34- 1. 86 of Bbour )5 hdurd, BtikeBfor @Bdut )0 héhir8 kobien td khout BOC ExsdMrdatedAvith
Preparation of 3S, 4aR_ 6S, 8aR Et hyl
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solution of 0.1M HCI at such a rate so as to maintain the reaction temperature below
about 10°C. The compound (5) is then isolated using standard procedures. For example,
additional dichloromethane is added to partition the reaction mixture. The aqueous layer

30 is then extracted 2-6 times with dichloromethane and the organics combined,washed with
1M NaHCOs;, dried over magnesium sulfate, then concentrated under vacuum to provide
compound (5). The crude material may then be purified by chromatography on silica gel
with a suitable eluent such as 10-50%ethyl acetate in toluene or

methanol/dichoromethane.



F H PCT/USQL/-~-471s 1,5 -naphthal enedi sultonic acid tefrahydrate A
solution of 1,5-naphthal enedi sulfonic acid tetrahydrate (1.1 g, 3.05 mol)
i n 5 ref lwaiovgsssehanol (about 5 L) is treated with a sol RCrAsop#4738, 4aR
6S, 8aR Ethyl 6

(((29) - 2- (Et hoxycarbonyl) -4, 4-di fluoropyrrolidinyl)nmethyl)-1, 2, 3, 4, 4a,
5 6, 7, 8, 8adecahydroi soqui noline-3-carboxylate (the free base diester
conmpound from Exanple 1, Step E above) {1.2 g, 3.0 nmol) in ethanol (about

5 nm) and the m xture_is heated at flux unti al.s be an o form
(about 5 ni nut]@s%C cRe hYERR ?‘§nl?95‘81jé§1%1 guipat cPrgﬂé?Lﬁ‘eﬂ’ OfRT for

about 3 gﬁ?ﬁg urd gﬁ ( g’glt eﬂa?npﬁé)|a's%fﬁh@ﬂgbé’oxﬁﬂ)du56%) 19%tha\‘\@ﬁ§@i¥s&‘v&hmeat hanol (3 X

-5 nL) an uct ‘can be recrystallized fromwater or
nmet hanol . suﬂkﬂﬁk/@h@nﬁ: éb&BveBt amhraaﬂ126chcld6r03$,ane|,aﬁgte6S{ltlﬂaﬂ)xofluor ({Bis-(2-

6- 295) - 2- | d)-4,4dj flu t 2, 3, 4,
»4a( ((5 23 met O’Syeb@’i aH{éﬁ%Jg I&Fé’f‘éﬁ?ﬂﬁ $1 ﬁrli]g‘pe\é %b%&?la?éggt@ %thgd‘f%ygl'eochl oride
H O N RedQidd mfe’&tdi‘@ﬁs tﬁéﬁf?@ifté’d e a%né%ﬁiraté@%]uﬁ&a oﬁNB{CO and stirred for
6-(((2S)-2-{Carboxylic acid)-4,4dif uoropgrrolldlnyl yI%-l 2, 3, 4,

4a, 5, 6,abppt B n@an@eé%tw@urem yogenarastd angl-tBe agusons layer %m@e‘é Oimesaidl) . 25
WD 02/ (153S61 RPCT/ LJS01/ - 4- 47 e ound
from Exarﬁ? g ?LHT@E gﬁerﬁaﬁeb F%E@“%He OTEf: nb??BCg%l%lr@)dngﬁ%rﬁ%" dé%ﬁﬁgﬁﬁs S
heat ed t OarfdeléﬂJébr@&ﬁrdtétEurﬁleﬁ vadubimitte pfdvide thbeompanid afstriethmub). l'Bhenerldd s

col l ected over, a period of 3 hours. The reaction is cool ed @ wash d wth
di chl or onBaiEEAeNthgn Be PRiifieq heshromatpgraghyan silich geloyifasublers B%HC (about

8 g) nd % 6138 Olﬁgllléf/ﬁq?r% \ﬁ)orqo_[%f% %ﬂyﬂd@tate N&olknd. ure is cool ed and

filtéred oug a pa ter caels washed with water
(about 50 ni) hr&d:hbmel,aﬁxuleﬁumetompmatdeﬁ sa'uetuﬂeo(@(srd@pmeeztt@chmdcmmc} at ed

~ t | 8. th t
obt ai nedh arditgen deiphradh i L R uREfeoPRui S EPAR EPTeS opano
(about 43ygig P?f&cia ﬁq&ﬂog&@éﬁﬂ%ﬂ protebi@l @du@tcoﬁ%oﬁhd @) lsldlbéw\Ved il BQuitdbkd Ure is

cool ed to abo stirred for olid is collected by
filtrati oprganiaselaentiiehacdiriiormathang voder @patmespherf nitFqesy atlfbtraatwhl te
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and stirred for 10-20 hours. The reaction is quenched by addition of saturated aqueous
NaHCO;. The aqueous layer is then extracted 2-6 times with dichloromethane. The
organics are then combined, washed with a IN solution of sodium thiosulfate, dried over
magnesium sulfate, filtered, and concentrated under vacuum to provide the compound of

20  Formula Ia. The material may then be purified by chromatography on silica gel with a
suitable eluent such as methanol/dichoromethane, to provide the purified compound of
Formula Ja. .

In Scheme 1, Step F, the compound of Formula Ia may be optionally hydrolyzed to

the compound of Formula I under conditions well known in the art. For example, the

25  compound of Formula Ia is dissolved in a suitable organic solvent such as methanol, and
treated with an excess of a suitable base. Examples of suitable bases include aqueous
lithium hydroxide, sodium hydroxide, potassium hydroxide, and the like with lithium
hydroxide being preferred. The reaction is stirred for about 10-20 hours. The reaction
mixture is then neutralized to pH 6 with 1N HC1 and concentrated under vacuum to

30 provide the crude compound of Formula I. This material may then be then purified by

techniques well known in the art, such as chromatography with a suitable eluent .



15 conpound. This powder (2.5 g, 33.3%of the anmobunt obtained) is treated
with 1IN NaOH solution (11.9 nlL) and the solution irs then concentrated i~z
vacuo. Theowzsidele i s concentrated from EtOH then is trealP€d/UM01/M73D: 50

Et OH Et OAc. The m xture is warned to about 35C, then is cooled to RT and
stirred for 1' hour , then is filteredyggThe filter cake is washed with

50: SO0 EtOH: EtQAc (5 nl) and the conbined filtrates are 2 0 concentrated to
a foam The foamis concentrated fromEtOAc then is treated with Et OAc (10
m.) and stirred. The free base of the title co und is .collected b
filtration andh %Cfﬁmeéds%%ac. Refad @9@5’“@1}-‘/ B’Bnygﬁwm&a‘?lfa@h%’ g%Bff"e%eél d

cal cul at | base jvdrteeimbg TO FaRSx Atiple, dadlon @61 = 9. 65 g
or 79% '&Wr?]%%%ﬂg Ddc)leé%ﬁ.%grgg((nﬁd/éll—l), 4. (%7 (m 1H), 3.83 (m 1H), 3.65
(m 1H), 8Sompoynd(6)éHpsolR:dds 6(UN HOH)s heatedat (eftux f¢)abopt 55-20 ourg.nhgH) | 1. 77
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a functional characteristic of migraine, the binding affinity of the panel
conpounds ptsfiedisy iechniRes meedldpronm in shef art, sechiasgatioerdiangschsempagizB et hods.
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Recept. Channels 3; .41-49),
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The selectivity of conpounds acting at the i G uRS receptor subtype can then
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5 Animal Model of Dural Protein Extravasation A Harlan Sprague-Daw ey rats
(225-325 g) or guinea pigs fromCharles River , Laboratories (225-325 Q)
are anestwebz/esdemi t h sodi um pent obarbital intraperitonealPCy/uséb447ayl kg or
45 mg/ kg respectively) and are placed in a stereotaxic frame (David 10 Kopf
Instruments) with the incisor bar set @ -3.5 mmfor rats or -4.0 mmfor
guinea pigs. Followng a mdline sagital scalp incision, two pairs of
bilateral holes are drilled through the skull (6 mm posterially, 2.0 and
4.0 mmlaterally in rats; 4 nmposteriQrly and 3.2 and 5.2 mmlaterally in
gui nea pigs, all coordinates refep dlat o bregma). Pairs of stainless
steel stinulating el ectrodes, insulated except at the tips (Rhodes 15

.Medi cal Systens, Inc.p, are lowered through the holes in both hem spheres
to a dept@ of 9Hmﬂ'€rts) or 10.5 nrn (guinea pigs) from dura.
fenoral Ve eq_and a dose of trﬁiep)ést comQungd_ ffs |§1] :

‘I ntravenousl. ] at ﬂ 7 u /Kg or;

test conmpound i-$2-O\admi ni s ere Ilyp ng BrVi a ga

2.0n/Kg . Appr exi rrate?y 7 minuté ost Iﬁeﬁt? nj ecti om 56 g4 Kg dose of
C

Evans Bl ue, a fluorescent dye, is aI SO | |ntraven®|usl y. The Evans
Bl ue conplexes with proteins in the blood and functions a@_)a mar ker for
protein extravasation. Exactly 10 m nutes post-injection # the test

conpound, the left trigemnal ganglion is stinulated for 3 mnutes at a
current 2 5 intensity of 1.0 mA (5 Hz, 4 nsec duration) with a Npdel 273
potentiostat/ gal vanostat ((EG&E irlnceton Applied Research). @

m nutes fol lowhag sti syl itle ani g are euth L ed by Qngui nati on
with 20 WLM_M s—E%EH—s——Pe m i Ii t abert he
collection of the 3 0 d

slides. OncAGNIi ed, the tidsues are codk h@p*bﬁ with a 70@6g|ycero|/mater
solution. D. A fluorescence m croscope (Zeiss) equi pped w a grating
Evans Bl ue dye in each sanple. An excitation wavel ength of approximtely
535 nmis utilized and the emission_ intensity at 600 nmis determ ned. The

? ifteen
U atijon it
from both h&RBEJAN es, rinded rPgn\(/avat & y BR ﬁﬁjrﬁggds?lt bn M SPoscopi ¢
nonchromator and a 3 5 speﬂ'ﬂrophotorret er is used to quanti y t he amount of
i croscope is equipped with a notorde®ed w0 112/0S3561 PCTIUSII |/ ~~715

-45 stage and also intesfaced with a personal conputer. This facilitates
t he conput rcont r@l I ettl pvenent of the stage with fluorescepce grghsurenents
at 25 poin id i§t andar d

extravasati on Iy t he @I gon of gem nal
ganglion has an. ibsilatéral effect s’g&ﬁus onIy on thel side & the
dura in which the trigem nal gangli on |s | ated). This %llows the other
(unstinul ated) half of the dura to be used as a control. Thé¢h)atio
("extravasation ratio") of the amount of extravasation in 10 the dura from
the stinul ated side, over the anpunt of extravasation in the unstimnul ated
side, is calculated. Control animals dosed with only with saline, yield an
extravasation ratio of approximatgly 2.0 in rats and apprxi rratelx,

gui nea pigs. In contrast, chorryo nd whi cg gzr_rgl etely preve ts ¢ he
extravasati ogéprBthe d a.Stinu yHaE| dsext ravasggi on
rati o of appr_ox.l_nMeI y b F "ORDose-response curves eNQnerat ed
for each of bggpcﬁ_gggoun Pqul a | ant) BsmiFa 1 a and DYid W6se aghat
inhibits the sation By 50%" I D50) 2y NAOR%LOFL00) can tthen be

appr oxi mat ed K@ t®Bonpound 'S, 4arR 6S, 8aR Et hyl

6- (((2S) 2- (Et hoxycar bonyl ) - ¢y 4- di fl uoropyrrolidinyl)nmethyl)-11) 2, 3, 4, 4a,
5, 6, 7, 8 8a 20 decahydr0|squ|noI|ne 3-carboxyl ate dihydrochl oride
provi des an | D100 of approximtely 0.01 ngl Kg when adm nisterd orally to
rats. 25 30 :35 What is clained is:

S| sl eps) on: each dur adigsAanpl e. Thg ps arid
devi ati on of pasjur err@'ht's r m-ne?rp-by—ﬁ're co @G Ner:
ect

5 In Scheme Ia, Step A, 6—oxo~decahydroisoquinoline-3-carboxylic acid is treated
with methyltriphenylphosphonium bromide to provide the 6-methylidine-
decahydroisoquinoline-3-carboxylic acid of compound (i-a). For example, a slurry of 1
equivalent of 6-oxo-2-methoxycarbonyl-decahydroisoquinoline-3-carboxylic acid and



WD 02/ 053s61 PCT/USOL/-4-71s _46_ 1. A pharnmaceutically acceptable salt of
a conpound of the formula: HONF F H5 or a prodrug thereof, wherein the
phar mace W@ 8%033§61accept abl e salt is selected fromthe groBﬁTﬂkShEH@!ﬁ ng of
the D-(-)-rnandelic acid salt or the 1,5-naphthal ene disulfonic acid salt.
2. The pharmaceutically acceptable sal_% according to Claim1, wherein the
salt is the D-(-)-mandelic acid salt. b 3. The pharnmaceutically acceptable
salt according to Caim1l, wherein the salt is the 1,S-naphthal ene

di sul f d t d which | R , R .
R DL
4a, d5, L , stifred8nechanid €16 ﬁhydéfﬁrh& @etidpliesd oN@trdgear mdepbled (u?cmi%; Dzdtas)snmﬁnfiel ic
-aci : oun i. S carhoxylic

aci d)- 4, 4@r¢rtrtu%1§§§$1%?r¥@ ‘ﬁwmz%wlsfdde%%fgpw&ie Sy higicgerigd e
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accept abl e sda
Br (where R is as herem defined) to pr0v1de the 6-methylidine-decahydroisoquinoline-3-

carboxylate intermediate of compound (ii). For example 6-methylidine-2-

15  methoxycarbonyl-decahydroisoquinoline-3-carboxylic acid is dissolved in acetonitrile and
treated with triethylamine and bromoethane. The reaction is heated at 50°C for about 3
hours, cooled and partitioned between 50:50 ethyl acetate/heptane and 1IN HCL. The
organic phase is isolated and washed 3 times with water, saturated sodium bicarbonate,
brine, dried over anhydrous sodium sulfate, filtered, and concentrated under vacuum to

20  provide the compound of structure (ii). This crude material is dissolved in 10% ethyl
acetate/heptane and applied to a plug of silica gel (10 g in 10% ethyl acetate/heptane).

The plug is eluted with, 10% ethy] acetate/heptane, 15% ethyl acetate/heptane, and 25%
ethyl acetate/heptane. The eluents are combined and concentrated under vacuum to
provide the purified compound of structure (ii).

25 In Scheme Ila, Step C, the 6-methylidine-decahydroisoquinoline-3-carboxylate
intermediate (compound (ii)) is subjected to hydroboration, followed by oxidation to
provide the 6-hydroxymethyl-decahydroisoquinoline-3-carboxylate intermediate of
compound (1). For example, Ethyl-6-methylidine-2-methoxycarbonyl-
decahydroisoquinoline-3-carboxylate is dissolved in THF and cooled to about —15°C

30 under an atmosphere of nitrogen with stirring. A 1M solution of BH;eTHF is added
dropwise over 5-7 minutes and the reaction mixture is stirred for about 2 hours at -10 to —
12°C. The reaction is then slowly treated with a suitable base, such as lithium or sodium
hydroxide, and then treated slowly with 30% H,O, over 15 minutes. The reaction mixture
is allowed to warm to room temperature and then partitioned between ethyl acetate and

35  50% saturated sodium chloride solution. The aqueous layer is extracted with ethyl acetate

and the combined organics are washed with sodium bisulfite solution, brine, dried over
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eXCi pi ent . qled to —10 °C. Potassium zert-butoxide solution (2.4 equiv in THF) is added dropwise
25  over a 10 minute period. The slurry is allowed to warm to room temperature and stirred
thus for 2.5 hours (complete by TLC at this time). The reaction is partitioned between
water and EtOAc and the layers are separated. The organic phase is extracted 2 times
with water and the aqueous portions are combined and washed 2-6 times with
dichloromethane. The aqueous solution is made acidic by addition of 6 M HCIl solution
30  and extracted 2-6 times with dichloromethane. These last three organic extracts are
combined, dried with sodium sulfate and concentrated under reduced pressure to provide
the compound of structure (ii).
In Scheme IIb, Step C, following the procedures as described in Scheme Ila, Step
C above, the 6-methylidine-decahydroisoquinoline-3-carboxylate intermediate (compound
35 (i) is subjected to hydroboration, followed by oxidation to provide the 6-hydroxymethyl-
decahydroisoquinoline-3—carboxy]até intermediate of compound (1).
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02/ OS35Glbe d(ﬁistructdl {023s tORMIPET 5¢dpOof theiinvention umaryeww Res vsedasreiivithned above,
'Pg is e Sﬁqﬁ%}ﬁteﬁhifﬂg% )9)58{1 tih8datd quv » s %ﬂtrh%n%u§9‘ LRbr Refégavi ng

group, e base |n sui tabl e solvent follo by addition of
a conpountd @Rllgt#-nétreles tp Byrapertopsally; \gq” 95 equy.” fifers & ﬁq"R‘ia F@S’a§ defi ned

above, f oldraued Ila»hsO%gi%f@@totrﬁnﬁg@ﬁ@pwnefem‘ toSiteErbl;CTme’ereféiQ to@amersis
Fol Toved by hf%ll%(%g ?on%:tclro 1ters molggel:%vrglto ?Jolesh‘emglo} £ tol i Er%g es; n% group. 20
refers to pounds per square inch; “mm Hg” refers to millimeters of mercury; “min” refers
10 to minutes; “h” or “hr” refers to hours; “°C” refers to degrees Celsius; “TLC” refers to
thin layer chromatography; “HPLC” refers to high performance liquid chromatography;
“Ry¢” refers to retention factor; “R,” refers to retention time; “8” refers to part per million
down-field from tetramethylsilane; “THF” refers to tetrahydrofuran; “DMEF” refers to
N,N-dimethylformamide; “DMSO” refers to dimethyl sulfoxide; "aq" refers to aqueous;
15  "EtOAc" refers to ethyl acetate; "iPrOAc" refers to isopropyl acetate; "MeOH" refers to
methanol; "MTBE" refers to tert-butyl methyl ether; “RT” refers to room temperature;
“K;” refers to the dissociation constant of an enzyme-antagonist complex and serves as an
index of ligand binding; and “ID5(” and “ID1(0” refer to doses of an administered
therapeutic agent which produce, respectively, a 50 % and 100% reduction in a

20  physiological response.

Preparation 1

25 Preparation of [35,4aR,6S,8aR]-6-methylidine-2-(methoxycarbonyl)-
1,2,3,4,4a,5,6,7,8,8a-decahydroisoquinoline-3-carboxylic acid.
O

H

n 0

A slurry of methyltriphenylphosphonium bromide (12.4 g, 34.6 mmol) in THF (25

mL) is cooled to —10 to —12°C under an atmosphere of nitrogen and treated with sodium
30 hexamethyldisilazide (35 mL of a 1M solution in THF) via syringe over 6 to 8 minutes
with stirring. The reaction mixture is then stirred for 20 minutes at —10 to ~12°C and
added via cannula over 3-4 minutes to [3S,4aR,6S,8aR]-6-0x0-2-(methoxycarbonyl)-
1,2,3,4,4a,5,6,7,8,8a-decahydroisoquinoline-3-carboxylic acid (10.0 g, 26.6 mmol),
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sodium bisulfite solution (16 mL), brine (8 mL), dried over anhydrous sodium sulfate,
10 filtered, and concentrated under vacuum to provide the title compound (2.01 g) as a

colorless oil.

EXAMPLE 1

15 3S, 4aR, 68, 8aR Ethyl 6-(((2S)-2-(Ethoxycarbonyl)-4,4-difluoropyrrolidinyl)methyl)-1,
2,3,4,4a,5,6,7, 8, 8a-decahydroisoquinoline-3-carboxylate @ D-(-)-mandelic acid
EtO

OEt -
* D - (-) - mandelic acid
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25
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109& () - QMW&uer)Ghed by addition of water (100 mL), IM H (100 mL) and brine (3/0 mL). The
layers are separated and the organic phase washed with 1M NaHCO; solution (150 mL),
brine (150 mL) and dried over MgSO,. Concentration in vacuo provides the title
compound as an oil (58.9 g, 97%). "HNMR (CDCl5) 88.41 (2H, d), 8.05 (2H, d), 4.38 (1,
10  1H), 4.17 (m, 2H), 3.97 m, 2H), 3.69 (s, 3H), 3.39 (m, 2H), 2.12 (m, 1H), 1.85 (m, 3H),
1.55 (m, 5H), 1.25 (m, SH).
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15

Amberlite IRA 67 resin (334.7 g) is treated with water (about 680 mL) and stirred.

The mixture is filtered and the filter cake is washed with acetone until the water content
of the wash is less than 5% by weight. This filter cake is combined with hydroxyproline

20 ethyl ester HCI, 72.7 g, 0.372 mol) and acetone (700 mL) and the mixture stirred at RT
for about 1-2 hrs. The mixture is filtered and the filter cake is washed with acetone (300
mL). This filtered solution of hydroxyproline ethyl ester is used directly. A slurry of
Amberlite IRA 67 resin (465 g) in water (about 900 mL) is stirred and then the mixture is
filtered. The filter cake is washed with acetone until the water content of the wash is less

25  than 5% by weight. This filter cake is combined with the hydroxyproline ethyl ester
solution from above and a solution of the compound from Step A above (100 g, 0.206
mol) in EtOAc (about 150 mL) and the mixture is heated at reflux. After about 24 hours,
the reaction is cooled and filtered. The filter cake is washed with dichloromethane (about
300 mL) and the combined filtrates are concentrated in vacuo and the residue is

30 concentrated from dichloromethane several times to provide the title compound as an oil
to be used directly in the next step.
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Dichloromethane (about 230 mL) is treated with phosphorous pentoxide (117.2 g,
0.825 mol) and the mixture is cooled to about —10° C. Dimethyl sulfoxide (96.8 g, 1.24
mol) is added to the mixture at such a rate that the reaction temperature remains at about —
10° C. The reaction is stirred at about —10° C and treated with a solution of the compound
of Step B above in dichloromethane (about 230 mL) at such a rate that the reaction
temperature remains below about —10°C. The reaction is warmed to about 20-22° C over
a few hours (4-5) and stirred overnight then cooled to about 0° C and treated with
triethylamine (83.5 g, 0.825 mol) at such a rate that the reaction temperature remains
below 5° C. The reaction is allowed to warm to RT and stirred for 1 hour. The reaction is
added to a 0.1M HC1 solution (about 460 mL pre-cooled to about 0-5° C) at such a rate
that the reaction temperature remains below 10° C. Additional dichloromethane (about
460 mL) is added and the mixture s stirred briefly and the layers separated. The aqueous
portion is extracted with dichloromethane (about 460 mL) and the combined organic
extracts are washed with 1M NaHCO; (about 460 mL). The layers are separated and the
organic layer is dried over magnesium sulfate and concentrated in vacuo. The crude
product is purified by chromatography using Silica Gel 60 and 35% EtOAc in toluene to
provide the title compound as an oil (36.9 g, 41% from 504476). "H NMR (CDCl5) 84.39
(t, 1H), 4.18 (m, 4H), 3.72 (m, 1H), 3.70 (s, 3H), 3.40 (m, 3H), 3.00 (d, 1H), 2.40-2.69
(m, 4H), 2.08 (m, 1H), 1.45-1.95 (m, 9H), 1.30 (m, 6H), 1.10 (m, 1H).
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A solution of the compound from Step C above (8.98 g, 0.0205 mol) and ethanol
(0.227 mL, 0.0039 mol) in 1,2-dichloroethane (43 mL) is treated with Deoxofluor ([Bis-
5  (2-methoxyethyl)amino]sulfur triflucride, 6.5 mL, 0.0353 mol) and the reaction is stirred.
at RT for about 21 hours. The reaction is treated with a saturated solution of NaHCO; in

F

water (60 mL) and the mixture is then stirred for 15 min. The layers are separated and the
aqueous portion is extracted with toluene (about 45 mL). The layers are separated and the
toluene and 1,2-dicloroethane solutions combined and dried over Na;SOs. The drying

10  agent is filtered and the filter cake is washed with toluene (about 30 mL). The filtrate is
concentrated in vacuo and the residue is dissolved in 50:50 toluene : heptane (about 17
mL) and the solution is then applied to a Silica Gel 60 column (43 g in 50:50 toluene :
heptane). Column is eluted with 50:50 toluene : heptane (about 230 mL), toluene (about
430 mL), 10% EtOAc in toluene (about 240 mL) and 20% EtOAc in toluene (about 86

15 mL). Fractions of eluent containing pure compound are combined and concentrated in
yacuo to provide the title compound as a syrup (5.79 g, 61%). "H NMR (CDCls) 84.35
(m, 1H), 4.20 (m, 4H), 3.70 (s, 3H), 3.40 (m, 4H), 2.78 (m, 1H), 2.40-2.65 (m, 3H), 2.30
(m, 1H), 2.15 (m, 1H), 1.70-1.95 (m, 4H), 1.45-1.65 (m, 4H), 1.30 (m, 6H), 1.10 (m, 2H).

20 E. Preparation of 35, 4aR, 6S, 8aR Ethyl 6-(((2S)-2-(Ethoxycarbonyl)-4,4-

difluoropyrrolidinyl)methyl)-1, 2, 3, 4, 4a, 5,6, 7, 8, 8a-decahydroisoquinoline-3-
carboxylate (free base)

( Chiral

25
Preparation of 38, 4aR, 63, 8aR Ethyl 6-(((2S)-2-(Ethoxycarbonyl)-4,4-
difluoropyrrolidinyl)methyl)-1, 2, 3,4, 4a, 5,6, 7, 8, 8a-decahydroisoquinoline-3-
carboxylate ® D=(-)-mandelic acid salt
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A solution of the compound of Step D above (9.7 g, 0.021 mol) in dichloromethane
(about 70 mL) and toluene (about 30 mL) is cooled to 0-5° C and treated with
jodotrimethylsilane (12.7 g, 0.063 mol) dropwise. The reaction is allowed to warm to RT
and is stirred for about 16 hours then is concentrated in vacuo. The residue is
concentrated from MTBE (methyl t-buty! ether) several times then is dissolved in MTBE
(about 70 mL) and toluene (about 30 mL) and is washed with saturated NaHCO; (about
100 mL), 1N sodium thiosulfate (about 100 mL), and water (about 100 mL). The organic
layer is concentrated in vacuo and the residue is concentrated from MTBE several times
and then is dissolved in toluene (about 22 mL) and then is treated with a solution of D-(-)-
mandelic acid (2.75 g, 0.181 mol) in MTBE (about 33 mL). The mixture is stirred at RT
for about 2 hours then is cooled to about —15° C and stirred for about 2 hours. The D-(-)-
mandelic acid salt is collected by filtration, washed with cold MTBE (about 73 mL at
about —15° C) and is dried to a crystalline solid (8.25 g, 71%). "H NMR (DMSOd)
§7.16-7.38 (m, 5H), 4.72 (s, 1H), 4.12 (m, 4H), 3.65 (m, 1H), 3.51 (m, 1H), 3.33 (m, 1H),
2.25-2.91 (m, 8H), 1.85 (m, 2H), 1,70 (m, 2H), 1.34-1.86 (m, 5H), 1.15-1.38 (m, 7H),
0.81 (m, 1H). '

EXAMPLE 2

Preparation of 3S, 4aR, 68, 8aR Ethyl 6-(((2S)-2-(Ethoxycarbonyl)-4,4-
difluoropyrrolidinylmethyl)-1, 2, 3, 4, 4a, 5, 6, 7, 8, 8a-decahydroisoquinoline-3-
carboxylate e 1,5-naphthalene disulfonic acid
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* 1,5 -naphthalenedisulfonic acid
NH tetrahydrate

A solution of 1,5-naphthalenedisulfonic acid tetrahydrate (1.1 g, 3.05 mmol) in
5  refluxing ethanol (about 5 mL) is treated with a solution of 3S, 4aR, 6S, 82R Ethy] 6-
(((2S)-2-(Ethoxycarbonyl)-4 4-difluoropyrrolidinyl)methyl)-1, 2, 3, 4, 43, 5, 6, 7, 8, 8a-
decahydroisoquinoline-3-carboxylate (ihe free base diester compound from Example 1,
Step E above) (1.2 g, 3.0 mmol) in ethanol (about 5 mL) and the mixture is heated at
reflux until crystals began to form (about 5 minutes). Reaction is cooled and allowed to
10  stand at RT for about 3 days. Product is collected by filtration, washed with ethanol (3 X
5 mL) and dried (2.0 g, 96%). Product can be recrystallized from water or methanol.

EXAMPLE 3

15 Preparation of 38, 4aR, 6S, 8aR 6-(((2S)-2-(Carboxylic acid)-4.4-
difluoropyrrolidinyl)methyl)-1, 2, 3,4, 4a, 5,6, 7, 8, 8a-decahydroisoquinoline-3-
carboxylic Acid e dihydrochloride

20

Preparation of 38, 4aR, 6S, 8aR 6-(((2S)-2-(Carboxylic acid)-4.4-
difluoropyrrolidinyl)methyl)-1, 2, 3, 4, 4a, 5, 6, 7, 8, 8a-decahydroisoquinoline-3-
carboxylic Acid (free base)

25
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A mixture of the compound from Example 1, Step D above (16.3 g, 0.0353 mol)

5  and 6M HCI (170 mL) is heated to reflux and the distillate from the reaction (about 15
mL) is collected over a period of 3 hours. The reaction is cooled and washed with
dichloromethane (2 X 50 mL) then is treated with activated charcoal (about 8 g) and is
then stirred at 60° C for 30 min. The mixture is cooled and filtered through a pad of
Hyflo. The Filter cake is washed with water (about 50 mL) and the aqueous filtrates are

10  combined and concentrated in vacuo to a solid (14.2 g). This solid (8.61 g, 61% of the
amount obtained) is concentrated from 2-propanol then is treated with 2-propanol (about’
43 mL) and the mixture is heated at 50°C for 1 hour. The mixture is cooled to about 0°C
and stirred for 30 min. Solid is collected by filtration, washed with cold 2-propanol (20
mL), and dried to a white powder (7.5 g), which is the dihydrochloride sait of the title

15 compound. This powder (2.5 g, 33.3% of the amount obtained) is treated with 1N NaOH
solution (11.9 mL) and the solution is then concentrated in vacuo. The residue is
concentrated from EtOH then is treated with 50:50 EtOH:EtOAc. The mixture is warmed
to about 35°C, then is cooled to RT and stirred for 1 hour , then is filtered. The filter
cake is washed with 50:50 EtOH:EtOAc (5 mL) and the combined filtrates are

20 concentrated to a foam. The foam is concentrated from EtOAc then is treated with
EtOAc (10 mL) and stirred. The free base of the title compound is collected by filtration
and is dried to a powder (1.96 g, potency corrected). Yield calculation for free base: 1.96
g divided by 0.333 divided by 0.61 = 9.65 g or 79%. 'H NMR (D,0 + DCI) 04.55 (t,
1H), 4.07 (m, 1H), 3.83 (m, 1H), 3.65 (m, 1H), 3.25 (m, 1H), 2.95 (m, 4H), 2.59 (m, 1H),

25  1.89 (m, 3H), 1.77 (m, 1H), 1.65 (m, 1H),146(m 3H), 1.35 (d, 1H), 1. 20(m 1H), 0.84
(m, 1H).

30
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selectivity of compounds acting at the iGluR 5 receptor subtype can then be determined by

10  comparing antagonist activity at the iGluR 5 receptor with antagonist activity at other
AMPA and kainate receptors. Methods useful for such comparison studies include:
receptor-ligand binding studies and whole-cell voltage clamp electrophysiological
recordings of functional activity at human GluR], GluR2,GluR3 and GluR4 receptors
(Fletcher et al., 1995, Recept. Channels 3; 21-31); receptor-ligand binding studies and

15  whole-cell voltage clamp electrophysiological recordings of functional activity at human
GluRg receptors (Hoo et al., Recept. Channels 2;327-338); and whole-cell voltage clamp
electrophysiological recordings of functional activity at AMPA receptors in acutely
isolated cerebellar Purkinje neurons (Bleakman et al., 1996, Mol. Pharmacol. 49; 581-
585) and other tissues expressing AMPA receptors (Fletcher and Lodge, 1996, Pharmacol.

20  Ther. 70; 65-89).

A. iGluRS5 antagonist binding affinity profiles

Cell lines (HEK293 cells) stably transfected with human iGluR receptors are

employed. Displacement of 3[H] AMPA by increasing concentrations of antagonist is

25  measured on iGluR] , iGluR», iGluR3, and iGluR4 expressing cells, while displacement
of 3[H] kainate (KA) is measured on iGluR3, iGluR¢, iGluR7, and KA2-expressing
cells. Estimated antagonist binding activity (K;) in uM, for example, is determined for
Compounds of Formula I or Formula Ia. As an indicia of selectivity, the ratio of binding
affinity to the iGluRy AMPA receptor subtype, versus the binding affinity to iGluR5

30 kainate receptor subtype (K; at iGluR / K; at iGluRs5), is also determined. Compounds
provided by the present invention display a greater binding affinity for iGluR 5 (lower Ky)
than that for iGIuR» , preferably at least 10 fold greater for iGluR 5 than that for iGluR),
and more preferably at least 100 fold.
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(65 mg/kg or 45 mg/kg respectively) and are placed in a stereotaxic frame (David

10 Kopf Instruments) with the incisor bar set at -3.5 mm for rats or -4.0 mm for guinea
pigs. Following a midline sagital scalp incision, two pairs of bilateral holes are drilled
through the skull (6 mm posterially, 2.0 and 4.0 mm laterally in rats; 4 mm posteriorly
and 3.2 and 5.2 mm laterally in guinea pigs, all coordinates referenced to bregma).
Pairs of stainless steel stimulating electrodes, insulated except at the tips (Rhodes

15 Medical Systems, Inc.), are lowered through the holes in both hemispheres to a depth
of 9 mm (rats) or 10.5 mm (guinea pigs) from dura.

B. The femoral vein is exposed and a dose of the test compound is injected intravenously

(i.v.) at a dosing volume of 1ml/Kg or, in the alternative, test compound is

20 administered orally (p.o) via gavage at a volume of 2.0ml/Kg . Approximately 7
minutes post i.v. injection, a 50 mg/Kg dose of Evans Blue, a fluorescent dye, is also
injected intravenously. The Evans Blue complexes with proteins in the blood and
functions as a marker for protein extravasation. Exactly 10 minutes post-injection of
the test compound, the left trigeminal ganglion is stimulated for 3 minutes at a current

25 intensity of 1.0 mA (5 Hz, 4 msec duration) with a Model 273 potentjostat/
galvanostat (EG&G Princeton Applied Research).

C. Fifteen minutes following stimulation, the animals are euthanized by exsanguinatijon
with 20 mL of saline. The top of the skull is removed to facilitate the collection of the
30 dural membranes. The membrane samples are removed from both hemispheres,
rinsed with water, and spread flat on microscopic slides. Once dried, the tissues are
coverslipped with a 70% glycerol/water solution.

D. A fluorescence microscope (Zeiss) equipped with a grating monchromator and a
35 spectrophotometer is used to quantify the amount of Evans Blue dye in each sample.
An excitation wavelength of approximately 535 nm is utilized and the emission

intensity at 600 nm is determined. The microscope is equipped with a motorized
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F. Dose-response curves may be generated for each of the compounds of Formula I and
Formula Ia and the dose that inhibits the extravasation by 50% (ID5() or 100%
(ID100) can then be approximated. The compound 38, 4aR, 6S, 8aR Ethyl 6-(((2S)-
2-(Ethoxycarbonyl)-4,4-difluoropyrrolidinyl)methyl)-1, 2,3,4,4a,5,6,7, 8, 8a-
20 decahydroisoquinoline-3-carboxylate e dihydrochloride provides an ID1qg of
approximately 0.01 ng/Kg when administerd orally to rats. :

25
30

35
What is claimed is:
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group consmtmg of the D-(-)-mandelic acid salt or the 1,5-naphthalene disulfonic acid

salt.
2. The pharmaceutically acceptable salt according to Claim 1, wherein the salt is

the D-(-)-mandelic acid salt.

10 3. The pharmaceutically acceptable salt according to Claim 1, wherein the salt is
the 1,5-naphthalene disulfonic acid salt.

4. A compound which is 3S, 4aR, 6S, 8aR 6-(((2S)-2-(carboxylic acid)-4,4-
difluoropyrrolidinyl)methyl)-1, 2, 3, 4,44, 5, 6, 7, 8, 8a-decahydroisoquinoline-3-
carboxylic acid  D-(-)-mandelic acid.

15 5. A compound which is 3S, 4aR, 6S, 8aR 6-(((2S)-2-(carboxylic acid)-4,4-
difluoropyrrolidinyl)methyl)-1, 2, 3, 4, 4a, 5, 6,7, 8, 8a-decahydroisoquinoline-3-
carboxylic acid e 1,5-naphthalene disulfonic acid. '

6. A pharmaceutically acceptable salt of a compound of the formula:

R'O o

OR?

20
wherein

R1 and R2 each independently represent hydrogen, (C1-Cao)alkyl, (C,-Ce)alkenyl,
(C;-Cg)alkylaryl, (C1-Ce)alkyl(Cs-Cjo)cycloalkyl, (C1-Ce)alkyl-N,N-C;-Ce
dialkylamine, (C;-Cs)alkyl-pyrrolidine, (C:-Ce)alkyl-piperidine, or (C;-Cg)alkyl-

25 morpholine, with the proviso that at least one of R1 and R2 are other than
hydrogen;
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15 4 4-difluoropyrrolidinyl)methyl)-1, 2, 3, 4, 4a, 5, 6, 7, 8, 8a-decahydroisoquinoline-3-
carboxylate ¢ 1,5-naphthalene disulfonic acid. |
13. A method of treating a neurological disorder or neurodegenerative disease
comprising administering to a patient in need thereof, an effective amount of a
pharmaceutically acceptable salt according to Claim 1.
20 14. The method according to Claim 13, wherein the neurological disorder is
migraine. |
15. The method according to Claim 14, wherein the pharmaceutically acceptable
salt is 38, 4aR, 68, 8aR 6-(((2S)-2-(carboxylic acid)-4,4-difluoropyrrolidinyl)methyl)-1, 2,
3,4, 4a, 5, 6, 7, 8, 8a-decahydroisoquinoline-3-carboxylic acid  D-(-)-mandelic acid.
25 16. The method according to Claim 14, wherein the pharmaceutically acceptable
salt is 3S, 4aR, 68, 8aR Ethyl 6-(((2S5)-2-(Ethoxycarbonyl)-4,4-
difluoropyrrolidinyl)methyl)-1, 2, 3, 4, 4a, 5, 6, 7, 8, 8a-decahydroisoquinoline-3-
carboxylate ¢ 1,5-naphthalene disulfonic acid.
17. A method of treating a neurological disorder or neurodegenerative disease
30 comprising administering to a patient in need thereof, an effective amount of a
pharmaceutically acceptable salt according to Claim 6.
18. The method according to Claim 17, wherein the neurological disorder is
migraine.
19. The method according to Claim 17, wherein the pharmaceutically acceptable
35  saltis 3S, 4aR, 6S, 8aR 6-(((2S)-2-(carboxylic acid)-4,4-difluoropyrrolidinyl)methyl)-1, 2,
3,4, 4a, 5, 6, 7, 8, 8a-decahydroisoquinoline-3-carboxylic acid ® D-(-)-mandelic acid.
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wherein
R1 and R? each independently represent hydrogen, (C;-Cao)alkyl, (C2-Ce)alkenyl,
(Cy-Ce)alkylaryl, (C1-Ce)alkyl(Cs-Cio)cycloalkyl, (C1-Ce)alkyl-N,N-C;-Cs '
dialkylamine, (C1-Cg)alkyl-pyrrolidine, (C;-Cs)alkyl-piperidine, or (C1-Cg)alkyl-
25 morpholine, with the proviso that at least one of R1 and R are other than
hydrogen,
comprising combining a compound of structure (2)
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wherein R2 is as defined above, Pg is a suitable nitrogen protecting group, and LgO is a
suitable leaving group, with a suitable base in a suitable solvent, followed by addition of a

compound of structure (3)
R'O

3)

X
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wherein R1 is as defined above, followed by oxidation to a compound of structure (5)

RO
OR2

10
followed by halogenation and removal of the nitrogen protecting group.
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