1 WO 2009/117515PCT/US2009/037558 NOVEL COMPOUNDS ADVANTAGEOUS IN THE
TREATMENT OF CENTRAL NERVOUS SYSTEM DISEASES AND DISORDERS RELATED
APPLICATIONS 100011 This application claims the benefit of United States Provisional Patent
Application SERAMYE161/037,987 filed 19 March 2008 and entitled "NOVEELTESMBISITSS
ADVANTAGEOUS | T SES AND
DISORDERS," the eR-or GHEQUND SOVANHICEDDT (e Rk R TN T arouND oF
THE INVENTION 1. THeEYdRAk INERN QAN SN $8E02 DA ANDRVESORRER S tes to novel

compounds showing activity in the central nervous systems (CNS) of experimental animals. More
specifically, the present invention relateﬁ,&g )é%l nglqex%la jth anticonvuisant activity that exhibit
increased/improved toxicological safety TE‘gLecreasedmm‘(%g » , increased/improved metabolic
stability, longer WAl Tkin drersatigp epletisid@e et iirofil U nitde Srsd ubingsmalaPaerincreased
biological activitygfficacy). whan sempaad ecyanty aralabledeNadhararautc@gents. 2. The

Related Technol%g%\éggm ngnra(?e%w A[:&%(E}ggiﬁgl "}‘Efﬁjiti{);?ﬁ Aﬁwilgr%sy%gg%@}ubipolar affective

disorder, migrain , depression, insomnia, schizophrenia, chronic or neuropathic
pain, spasticity, SPFRH@ERd SNEREMANERASHE ASPoDEYRRRENG tisomigrs), ehdfdebesses (e.qg.,
Parkinson's diseag@rddupidnion s disease atdnidzheimer's disease) are characterized by
abnormalities in the normal function of the central nervous system (CNS). These conditions and
diseases typically respond to pharmacologic intervention with compounds or substances that modulate
CNS activity. Compounds with this BAGKGRORINEOhd HEMHBENTERN the present invention, which are
herein disclosed {o treagtakngimadities.efidbe CNS, such as epilepsy. While currently available
therapeutants often have good CNS activity, they frequently exhibit other undesirable properties, such
as chronic toxicity*4&l, P8 BBt ﬁ’i‘fﬁ‘?é‘ﬁ%efﬁ,'lﬂgﬁﬁé%’ffé’&fs‘,’%ﬂ'i’ﬁﬂéﬁ%‘t‘égpﬂ‘fﬁﬁ‘ﬁ’a&'bl?ﬁ‘?etie properties,
such as a short pharahaeotogicshstiulf e (RS exampiamamsilionhinadfslifeMbra GNGfitadisgpetant may

require its frequ ini ion.i X - . ) 31; iWO
e e UL IUAAT A, A docBHalAI N HARRHLG SARGRURIR R LR

T/US20091037558 drug without eliciting adverse effects, and where frequent dosing
schedules are rétfegdimPset rinergRr it fedksramcddation) adtrasrddure dosing
frequency increasesbgiaticnbitoynpbiageehenit tastzerenseapdtivrositit tbgrefosa e, desifable to provide
additional comp 1hat tivi . .impreved properties, such as, e.g., an
increased half-liﬁge%ﬁgégaaéé_yg%%%}&%% |%%i§%r¥g3/¥e%qgﬁ?é§vc(§)ga%§)¥(% %”%?c‘r”ea?%é&“r%’é‘i%%ic stability (e.qg.,
fewer toxic metaBBIREY) Wrikable SfpAheanertisdeentst currently available therapies. Furthermore,

improved and simpler/gitaplfieeisysathetigand chemical manufacturing processes can be developed

which can help t the useful ¢ aunds of.the invention more widely available.to a larger
portion of the pa@?é“gt %pnlﬁgﬁgrn?y[%agb%?%cé}a%n ‘gﬂnr%g}'}gbé%ffﬁa’ i%tr\é}.%.%é%érn %%E%évﬁl% (Sandoval
et at, "Pheny| alébietcanmiBairtalifdpehitscanveisaiepestiony Isun0d9 saiizohcaisabicsisndoval et al.,
"Halogenated phgmduadsafe) samides.digay0sahiGARARISCaRtDhRAVING-aR RRtiIcaRWESant activity],
W003091201 (Carvajal Sandoval et at, "DL-Hydroxyalkyl:phenylamides having anticonvulsive
activity"), W020 558%&%’2 ezdgs‘fagfgdg‘?'gDWﬁ%‘/@?@ﬁbéﬁ%ﬁsr%id&qu%’g |%%Sar§%8sr?\’/u?§{l%/e activity-"),
and U.S. Patent/dgplicativfizess 0xs18o7¢Nted YT deetmal ibkHpdhexipraikl fyphiéen tdithieles having

anticonvulsive aglhity JeAuiMpasiantaisiination Retwaehs theialielted @by antgihat:ef the present

invention is thazf%e citei ast contains and refers to codmpounds which are structurally related to
gamrna-hydroxyBARRE AT (JERYREINArORY PSR r & BT IReT 58 1R A% SeMBis of the present
invention are strastivitally €olafednds Switetiyibadiivamittelude the compounds of the present

invention, which are herein disclosed to treat abnormalities of the CNS, such as

(-4

epilepsy. While currently available therapeutants often have good CNS activity, they
frequently exhibit other undesirable properties, such as chronic toxicity, severe and/or
unpleasant side effects, and inadequate pharmacokinetic properties, such as a short
pharmacologic half-life. For example, a short half-life in a CNS therapeutant may

require its frequent administration in order to sustain therapeutic concentrations of the



BRIEF SUMMARY [0005] A series of novel amides with anticonvulsant activity are herein disclosed,
many of which have a phenyl group attached to the amide moiety via a short and variously
branched/substituted aliphatic linker. Other compounds of the invention (as shown below) are amides
which are defAtiVES B bptically active amino acids (e.g., D or L), such aFSHHREPAIER3, below),

valine [Z = CH(CHiZ), iaelnc[&ifik aRkQ: et I5alPyeide [r?e@@,!f‘(&?%gcgé%ggl e

phenylalanine (Z = CH2C6145), o optically inactive amino acids, glycin or taurine [R2 =

(C112)2S03H, belSH et 6ATh oMLY BReMpIRet birtIddERawas e fenied [dooeg A

CNS-active compdirydenayiingréhe & patitia donip MO 2008/ 1d dedRE 1 1 1:53R0HNE8FORMULA |

R3 R4 9 ArNR,R, (Q0! AT ti n I gaeti chlg/ l, 0 t'oanally
(AADANINS QHNR dudhioiah B BNLOR BaRhcS Bz gh%dsg IO BRI

substituted naphthyl, optionally substituted tetrahydronap option e mcfaene, or an
optionally substitutBWREIrBROPEfiaryicl fersi-uprdsrersd iakiiis.niagraseep ressisiiy Biath substituent
on Ar can be indepepdesatly etacigd fiarorthegeastd carasing efalky, qualoalkyehalggen, alkoxy,
thioalkyl, sulfoxyal | lkyle ioxy, haloalkyl, haloalkaxy, OH, CH20OH, CONH2, CN,
acetoxy, N(alkyl)z%keaﬁég{?%)e%ﬁg@? %4:%1- (l)rghe%%l/ﬁecﬁgflpl%é?lll(@f& %ﬁ&t&% (%f%@%%l,
OCH2C001-1., antPestydiaadisiw ieisiaplilems o nthelia prd phaveicrd e otiohallycsatsstitsed aromatic
ring system attacheddwdsiedOnin atarnaPidhely 1eich AQRabsHIgssINgRalesiesfrom the group
consisting of phenx;dghegaol% | t}gtg{g_cgrclic rglgxl fzmd C(t)mPinatilons thereof. The Ar and/or substituent
thereon can have up t0 5 su s?ituents% a eacf"l SUDEUEREEA tl82:‘independently selected from the
group consisting dP&Y Relgtedarkynandfotrand ake:S, Ritsalikgh SlifoiSmbopalsel fonyRliloy] alkylene

dioxy, haloalkyl, h@&ﬁﬁi@@ﬁd@ﬂa@lﬁ%o&@%ﬂ%c%%%4%ﬁ%%é}%@§a&b@ &H3CH(OH),
e

acetyl, and OCH2 OQF Odptito ally, the Ar aﬂd/o,r aromatic rir%;s can include bifinctional substituents
that form a ring wi i the KERASHP TR h Al GEdGRLPSATIR Qo RAB AP RINR AR Fre an
optionally substituasidceikylsanyleodtiy 1 m¥DYIenEWNIbXE aathivlesadioxy , corathéblalkytrnegioxy, and

combinations thergefi-fRA0RM IR RIVRALRLANIR2EARSRN BRREEPRD st one of, H,
long or short chaig%%stitute% or unfl}%stitﬁted alkﬁslf scub‘s}kﬁz’lted or unsubstgﬂé%xggi%fkyl,
|

CW2phenyl. Each TRERRTARRNS s PR fRBHT IR RSUpACEHSISling?BY HUetRAeNd ethyl
(except that both Wwlsatinot2086688789 U Merd TulestituditHyimy balipiesenyimilaesphemg group, and

each substituent ig\indepggdenty selected fromih : ISt nalagen, .alkoxy. thioalkyl,
sulfoxyalkyl, sulfonylalkyl, haloallcgﬁ al§gllioxy, C%%Eﬁgagﬁ@%@g%gigg I%?a%%i%bﬁé% tziand acetyl.

100091 In anotheBnib RAREHITRITEN N B G Eites) o 6aNRiBY 280 ZERITP COMRIEIASZ is one of the
group consisting ofhithCHE, Cit{CHB)R; CHRESHSe Cla2ai Gy baneiC HiEH 3)ekrs3. Optionally,

R and R togethag e, ohipalon! oA QANOUTSISEGTIVSZAR0 037555, [0010) I Formuia | R3

is either hydroxy, substituted or unsubstituted alkyl, su stituted or unstbstituted gyc?fbéﬁ?yl, or together

with R4 cycloalkyfresRaihaiRlafdsa ians iy RpeRRASs not an ethyl.

BRIEF SUMMARY

[0005] A series of novel amides with anticonvulsant activity are herein disclosed,

many of which have a phenyl group attached to the amide moiety via a short and
variously branched/substituted aliphatic linker. Other compounds of the invention (as
shown below) are amides which are derivatives of optically active amino acids (e.g.,
D or L), such as alanine (Z = CHjs, below), valine [Z = CH(CHs),], leucine [z =
CH2CH(CHjs),], isoleucine [Z = CH(CH3)CH,CHs), or phenylalanine (Z = CH,CsHs),
or the optically inactive amino acids, glycine (Z = H) or taurine [Ry = (CH,),SO:H,
below]. Such compounds are exemplified by the following formulas:

[0006] A CNS-active compound having the Formula I:



[0011] In Formula I, R4 is one of a substituted or unsubstituteci alkyl, substituted or unsubstituted
cycloalkyl, or together with R3 cycloallcyl. In Formula 1. X is one of nothing, substituted or
unsubstituted alkylene, methylene, ketone, CHOH, oxygen, Nat, sulfur, sulfone, or sulfoxicie. [0012] A
CNS-active cBRARYIAdARVINg Formula Il: FORMULA Il R4Y JNRR 0 [001Bf IUSBHMIEIIF8RI and R2
are each independently at least one of 11, Iong}%ﬁ[}%{ /gt)ain substituted or unsubstituted alkyl,
substituted or unsubstituted, cycloalkyl, CW2phenyl, or combinations thereof. W is independently
selected from the group consisting of H, methyl&hgRéthyl, except that both Ws cannot he ethyl. Up to 5
substituents may be present in the phenyl gréUporeyic kyl group, and each substituent is
independently selected from the group consisting of halogen, alkoxy, thioalkyl, sulfoxyallcyl,

sulfonylalkyl, hald2f€y1, 'RERIEIREy AC@NI 20 eRYoBRSt XSS R tEBNTDY INDEonsHY SEeiitEptionally, R[ is
H and R2 is (CHZ2}2503H optidakliZ G sy harsipdoisisky Of dhe auiou pubansistinglafeHoCHS,
CH(CH3)2, CH2CEHS, CHACHIGHRZ. And CHICHAICHRCHS I anothar.aplign. or Rland R2
together are cycloalkyﬂ. 180141 iand are eac iﬁdepenaerﬁly either optionally Substituted phenyl
or optionally substeseal h&ashoeykaituany| ovHererR s thdsrinssatiierrissiady e phsseiiaind each

substituent is indepgndRBY SRIGERAHRN He &0 UN6NSISAR O hERgaRy abkayy IgaIK-YI,

sulfoxyalkyl, sulfonylallcyl, halgallcyl, halgalkoxy, acetoxy, lkyl)2, NO2,
acetyl, and OCHf%YgI@g%%l%Tlﬁggﬁ%?g(g in%?gé%ggg%’gg%%ﬁnsﬁbﬁ%gdﬁ?%% ne, or other
substituted or undanstitutéenatigienecfodnsithilbmexdmb¥dimerti®he presEOR enistyIncludes a

CNS-active compggnddryi s shadallowingformuasindAC b3, fadddd an(GHidnea0311, or
CHZCOOH, Z H, CH3, CH(CH3)2, CH2C61-13, C 2CH(CH3§2, or CH CH:’Q%HSCHS R3and R3=H or

CH3 = H, CH3, OHPSRESE AR {8 SEI3190RF A0 (0 1RY1 S - B8 kBP0 3USPCONR 1R3 =

1-50Q =0, NR320®at; S@gsobd0S seclected from the group consisting of phenyl, phenoxy,
heterocyclic aryl, and combinations thereof. The Ar and/or substituent thereon can
have up to 5 substituents, and each substituent can be independently selected from the
group consisting of alkyl, cycloalkyl, halogen, alkoxy, thioalkyl, sulfoxyalkyl,
sulfonylalkyl, alkylene dioxy, haloalkyl, haloalkoxy, OH, CH,OH, CONH,, CN,
acetoxy, N(alkyl),, NO,, CHO, CH3;CH(OH), acetyl, and OCH,COOH. Optionally,
the Ar and/or aromatic rings can include bifunctional substituents that form a ring
with the Ar and/or aromatic rings, wherein the bifunctional substituents are an
optionally substituted alkyl, cylcoalkyl, methylenedioxy, ethylenedioxy, or other
alkylenedioxy, and combinations thereof.
[0008] In Formula I, Ry and R, can each be independently at least one of, H, long or
short chain substituted or unsubstituted aikyl, substituted or unsubstituted cycloalkyl,
CWyphenyl. Each W is independently selected from the group consisting of H,
methyl and ethy] (except that both Ws cannot be ethyl). Up to 5 substituents may be
present in the phenyl group, and each substituent is independently selected from the
group consisting of halogen, alkoxy, thioalkyl, sulfoxyalkyl, sulfonylalkyl, haloalkyl,
haloalkoxy, CONH,, CN, acetoxy, N(alkyl);, NO,, and acetyl.
[0009] In another embodiment, R; is H and R; is (CH2),SO:H, or CHZCOOH,
wherein Z is one of the group consisting of H, CHs;, CH(CHs),, CH,;CsHs,
CH,CH(CHj3);, and CH(CH3)CH,CH;. Optionally, R; and R, together are
cycloalkyl.



X= 0, NR3, nothing, C=0, S, SO, or SO2 100171 In one embodiment, R, and R2 are each
independently at least one of H, long or short chain substituted or unsubstituted alkyl, substituted or
unsubstituied, cycloalkyl, CW2phenyl, or combinatiehs thereof. W is independently selected from the
group conS|sYﬁﬂ’gZE’)q’9lq1 1ethyl and ethyl, except that both Ws cannot be ethGF/ U 183<otktituents may

be present in the gy fguAAr §YROAICUALPYRNARY CaRAUBRerIds.RrrRengRY selected

from the group con5|st|n% of halogen, alkoxy, thioalkyl, Sulfoxyalkyl, sulfonélallcyl haloalkyl,
haloalkoxy, CONIESESC Qﬁé{’ék?ﬁ“@tW@/ olgelsyh ey ieserirshorioay EsORmN2] iNO2, and
acetyl. Optlonallyzgl%lﬂsl HhanHRnis 4CEHB)2SO03H, or CHZCOOH, wherein Z is one of the group

consising of H. i SHIGHAP: SHECRIAS SHAGHICHARAA.CHICH G RGNS, In anothe

option, R1 and er are cycloalkyl. [0018] In one embodiment, R1is H and R2 is (CH2)2S03H,
or CHZCOOH, vmévé%ﬁtzfqé ﬁﬁ@%ﬂ%é’@ﬂﬁﬁ%‘f‘édﬁﬁé‘ﬁr@%aw €f13, CH(CH3)", CH2C6HS5,
CH2C11(CHS3)2 jardriatl{GHS)C bizCGif 3o@iptionaliuRd anchRBstagethakasaccyaiaalkyt, [0019] In one
embodiment, R3k' elthg Bédrox th(ﬁtltu d or nsubstlt ed alkyl, substituted or unsubstituted
cycloalkyl, or toge er WI %?o |6naf), rf°|fa§ ?—? then R4 is not an ethyl. [0020] In one
embodiment, RM@%MWﬁWé@F@h@G&ﬁW&&yL substituted or unsubstituted cycloalkyl,
or together with R3 cycloalkyl. 10021] In one grolpeglimgnt, R5 is one of H, Cl, F, CF3, CN, CI-05 alkyl,
CI-05 alkoxy. OCF3, CONRIRz halogen-substituted alkyl, halogen-substituted alkoxy, [0022] In one
embodiment, X is one of nothing, substitutedrd unsubsﬂwggd alkylene, methylene, ketone, CHOH,
oxygen, NRI, sulfur, sulfone, or sulfoxide. 1 In dne embodlment n can be from 0-5, more
preferably from 1-3, and most preferably from 1 to 2. f6024] In one embodiment, any of Formulas 1-8

can be charactefmad] aa ilows RI RS anée Rf He €ddh ﬁﬁ‘ddﬁéx?(ﬁﬂs%Hatqe@MQQO{j,lwgefem Z is one of
the group consicing f, 4GS, CHIGHAR,CLRREHE, SHACH(CHAR ad CigpAIC12CHa

combination there erlvatlve hereo are indepen ent 'CH3

substituted or ur%%%’!ﬁwéd’%m@mb@ﬂ{o@ﬁl%?@ub‘éftltﬂt’éél%‘?‘@ﬁ%"dbéﬂﬁ%@@j %%ﬂ% g6tbination thereof,

or derivative the&@ﬁilsaigisme@&hh GhdFothsk; Txedds hde G&su@s&%ﬁedb@rdamuusgtmeﬂ alkyl, C1-CS
substituted or uns%:)stltu edm%lk r(e)S%:F:%1 198 RBeRZI comblrggt!:opc of and derivative thereof; n =
1-5 preferablysf anﬂ%( 6 nﬁun t20°¥ §8§p com |na 80? and derivative

thereof. [0025] mgemdsmp@mw|m@a@mmmgmqn@mn@s@m}w@m@wu become more
fully apparent erﬂbHﬂ@i%lﬂYMKj@lQﬁSQ{ﬂl@&Bﬁhﬂ@ﬂ ARPARded faiRsy OCONM Peleanaskpy the practice

ofthe nvention ge Set forly hereinafter, 7 WO, 2000/1 {75 15pCINS20001037858, 1\

9

CHZCOOH, wherein Z is one of the group consisting of H, CH;, CH(CHs),,
CH,C¢Hs, CHCH(CHs)p, and CH(CH;)CH,CH;. In another option, or R; and R,
together are cycloalkyl.

[0014] R4 and Rs are each independently either optionally substituted phenyl or
optionally substituted heterocyclic aryl, wherein up to S substituents may be present
and each substituent is independently selected from the group consisting of halogen,
alkoxy, thioalkyl, sulfoxyalkyl, sulfonylalkyl, haloalkyl, haloalkoxy, CH;OH,
CONH;, CN, acetoxy, N{alkyl);, NO,, acetyl, and OCH;COOH.

[0015] Y is either nothing, substituted or unsubstituted methylene, or other substituted
or unsubstituted alkylene.

[0016] In one embodiment, the present invention includes a CNS-active compound

having one of the following formulas:



BRIEF DESCRIPTION OF THE DRAWINGS 100261 FIGURE 1 shows the chemical structures of the
novel compounds of the invention that are pharmacologically active in the central nervous systems
(CNS) of (for example) mammals, and which exemplify embodiments of the present invention. [0027]
FIGURE 2 sh8®3%1& t&t&tive biological activity of the compounds of the irRfeFilio¢9éeii8ally showing
those compounds which are preflg red gsecond categoy, EDso <300 mg/kg) an most preferred (first
category, ED 5,3< 100 mg/kg),.[008] HIGURE 3A shows the structures’ 8t furtiper compounds of the
invention which are als@Jjn S
structures of further compou 0 1Ay Hhe
compounds. [0030] FIGURES 4AEf0MMgttate examples of the syntheses of various compounds and
key intermediates. DESCRIPTION OF THE ILLUSTRATED ENBBHAMENTS I. OVERVIEW
10031] The inventors have discgy hat the compounds of the invention and certain of their
pharmacologically active analegs ang ORRGNErs can be administered inYivajto effect a modulation of
CNS activity. That is, theke @ s modulate’CNS activity, ngnﬁ@%&?&wor decreasing
excitatory, neurotransmission centrglly, \iitgout complete suppres of all activity. Pursuant to the
present invention, therefore, a subject who receives such an agent is nGooveldiy sedated,
anesthetized, or paralyzed in the context of, for example, decreasing seizures (no anesthesia),
decreasing muscle tope)(n o@: 3IS), iciting a calrnative effect o sedation), or ameliorating an
ambulatory syndrome such &s.spastisity Q\%?akness or ﬂﬁl;cﬂ* 00321 A number of pathologies,
exemplified by convulsions (seizures), spasticity, affective mood disord&rs,Suchra®, bipolar mood
disorder, headaches (chronic, clstawienfgraine), restlessness syndromgs, nggropathic pain, and
movement disorders, have at least one symptom that is alleviated by a modulation of CNS activity.
Accordingly, an individuahyesuffers from such a pathologysg a ¢andidate for therapy that entails,
7 ice formulation or

e f@i! related analogs or
) PCITS2009/037558 2.
EXEMPLARY PATHOLOGIES PithlEIRATED BY A MODULAT OF CENTRAL NERVOUS
SYSTEM (CNS) ACTIVITY [0033] CONVULSIONS: Epilepsy is a comhfSA'd&8rder which has many

I y; ofterPrequiring treatment for many years to keep
seizures under control. Researchers have statéd thag*faltthiggime, there is no satisfactory treatment
for epilepsy in a substantial proportion of patientf_‘. Clinical trials' have shown that certain patients have
a better response to one drug than another, even WHER the patients have similar types of seizures and

the drugs have similar meg@ggi sco}f{a ion, The fr ncy and severity of side effects also varies
substantially. Thus, muItipIg‘;@é&%@@@?ﬁ&% é)ﬁg%%ﬁ%g‘bar}iéﬂ?&qcﬁgﬁ?n and attendant side
effects will be needed for trieatmentQf @j:fsllzépsy until éither éﬁi?epsy can be tured or a potent, safe new

drug with broad activity is discamergdirandagveloped. Diehter ei at, Drug Therapy 334:1583 (1996).
100341 Due to the widespreadavaijlehjlity, of-ceasprally.peedistve-angmexperimentally accessible
animal models of convulsant states, a number of clinically useful anticonvulsants have been prepared
and developed. For examle, 388:C&fe§riRc”et%t, "Introduction,” in ANTIEPILEPTIC DRUGS, 4th ed.,
pages i-11 (Rave Press 153'58’, Writh i e ansﬂ’iﬁhﬁppatients, seizures can be controlled with
currently available antiepileptic drugs, but 25 to 30 percent of patients continue to have seizures
despite optimal tHEHRyD AP emhadiiPeith&rsaad Rerfenersh indepesenie ailsest feces MDruteter et at (1996)
supra. [0035] Thus sinanyhaiiticobstsisantsrinelibaalieac s plagsacdy thepsasiramnge of significant
side effects, inclugdj u aytime sedation, muscylar weakness, tolerance, gingival
hyperplasia, andléggﬂt%r%%lI??z?t%@g%go(gggggggg%ggsa%gﬁugpgo %%gf ff“gf&ﬂ% %%ﬁtggé}gfﬂe effects are
especially of cont®EriHPReNERHNEATHamsguhnadeind atnseritihef ksl s¥syaimatHitortml. [QB86] The
present inventionoCaRubstitipath iy et revtisive: FRardeis $6h SReMePSYu halisathe compositions
and pharmaceutg%(?l {l%emnylgtiig%se% d qorp&o%iE{o S 01; the invention display "anticonvulsant activity,"
which is evidenced by a reduction o?% Seven y,%nlﬁmhﬁe%{%? GOnsiEoRe Tilke animal models
of epilepsy. To a‘l’[\éﬂ’ﬁéﬂéc‘é‘#@ﬁ%ﬁ’s stk dorindkhehsioetity, S1ONDRr 6Nduratiam, of convulsions
in a patient. Accordingly, the novel compositions and pharmaceutical formulations and compositions
should be useful in treating conditions such as, but not limited to, generalized tonic-clonic seizures,
absence seizures, myoclonic seizures, 9




WO 2009/117515PC1711S2009/1137558 simple partial seizures, complex partial seizures,

secondarily generalized partial seizures, status epilepticus, and trauma-induced seizures, as occur

following head in'gﬁré or surgery. [0037] SPA STICITé: Spasticity is a disorder characterized by an

increase in tohfé YEl¢ taflexes (muscle tone) with exaggerated tendon j&KE Ya¥ity F8m

hyperexcitability q@m%ﬁ}[eﬁ&regﬁx.alz _)e(, :@gg&q@a RYNOPHIS,IA §§A§T&%IJ;§OSQ}ISQRDERED
e S.

MOTOR CONTROL dman et al. (Ec ajor disease statés and conditions associated
with spasticity incﬁ}é%crﬂgﬁplﬁf@é‘fé} i&S QBFeBaPp B PR FORESHRgUREa br iy T8 & sspinal cord, and
head trauma. Syropkahis M aIeWHEh spastittyinCiiddipainfubileker aptbexienaad Spasms,
increased or exagg&g@ggrgggpﬁﬁ&gon reflexes, clonus, muscular weakness, fatigue, lack of dexterity,
various degrees of loss of géneral motor function, paralysis, and impairment of sleep. 100381 The
pathological statd@U8t&nnsg ?ﬁ“%@ﬁ&itﬁa@%&ﬂ@%@ tdily)-dfrdterit QAP A8/ level from the
commonly experigngedaditerogseulatiagheSHSTaN S IUHSRr @AsdiM! CesuHcm)a egalized external

insult to a particu éEHS)g?{' dfﬁ %th(i)(rjla Iof 9\|r QneJi!Qh%raengr g}lgcC&l(gl Tpese pathological states also
are different from the relative y Eorimon Ihvo 1untar)? spasms or smooth muscle, such as vascular
spasms, bladder E}9A%hi8 cansBbotierel Sdssidieshrdraonsspaittedsrvenbsyiusstigikekal or localized
symptoms are cosureqiatydteeatecbyitheac-gabaryiasntispassnadis ROtysRAKMOBHGoRaeNty, but these
generally are notﬁsgréhiqtgg tirilsgngpgpséit%it . Cedarbaum & Schleifer. "Drugs for Parkinson's Disease,
Spasticity and Acute Muscle gﬁﬁasms, In GOODMAN AND GILMAN'S THE PHARMACOLOGICAL

BASIS OF THERIRf20in| o gmbedinferireBités GO NMANDAIIREE [ovsiBLitpideslind3-484
(Pergamon Pressui3@hed83%bdhiaeuynnsiions otomaitessrd Ahamgeeutical formulations and

compositions em in accordance with the present invention can effect a centrally mediated
decrease in musﬁlé))t/}jgé‘ é’ﬁa,eﬁg’ﬁ%?é’? e sgfﬁfg)?o?%ﬂ% éu%e éﬁ? Ehﬁ%ig %ﬂ%esv ' n@%’gﬁe or more
symptoms or sidelkfectaldh: SpadifeRy hirogvis wostioned dprsticiogt nefdrtitoed Heightened tone of

skeletal muscle vyiipi3 MandesigdinRyRORIOES SHARiAS SR ALY BiRduiRiRAR L figxor or extensor
spasms, increased or exagﬁgerated deep-tendon reflexes, hyperreflexia,.loss of dexterity, muscular

weakness, exagaT R e N8I SHEHa R 88 B - PHUUS LR ety agent” refers here to a
composition that [@023}kfuldigr ¢hdsimento metichly datm €rit, afispastieitbly ooV ©-3, and most
2009/117515PCT{LS200903 1338 as demonstrated by the alleviation of at least one of the following
manifestations or side effects of spasticity: painful flexor or extensor spasms, increased or
exaggerated deeﬁ%ﬂ&Bﬁ%ﬂ’@%‘EPﬁ%éWe?@ﬂﬁ?%lfﬁ gk reranieraadiat W Beds exaggerated
tendon jerks, andatariis,GHstliEHget @b H henl evieyeof The seanathiéestatienssiriside effects.
[0040] Accordingly. inelleviation. et seasliciyaiptmliensid iR lesepning. olang.armore sympioms

of spasticity, including, but not limited to, ainful flexor o extensor spasms, increased or exaggerated

limi

deep-tendon reflgifé?fhﬁbé’ﬁré‘ﬂaéw&t%@ oifgeXertld Rudere idearifsaty sesgefeFhtédirendon jerks,

and clonus, or theibetiuetos ahibbsfiterdeiioy, abi)aseHyasnibesiatons onsisieaeife ciiolt041]

AFFECTIVE MOGRRISQRRERS Thess s, Sendlons rapang rom dervsssian 1o dysphoric
] . s 1S On ra i -

mania, for example, mania, schizoatfective disorder, traumatic n |ﬁju’ry-|ﬁblucé aggression,
post-traumatic stfessiyied amnwhsstaemheby.didorderustinfe s aitaasubsiauechalimal @GSecontrol
syndromes. See EONIGR £tahbhafibieailyeDisaraercate4@s8 (19855 apndrBesnassomhet at, in
ANTICONVULS =TOQ’ MAIIIZO% "C!:T}L}Lla I%I% R(%%l;{%ét%%qges %?"32(1 %Excetrgt Merca 1984). The novel
compositions and pharmaceu icar formiulations and composrl [onS aCCoN |1n§ 5 rt‘??e'present invention
are effective in th0#athsentaod thtise efidwdieantslisedt depsrandictnditiores! amemouldi®xhibit improved
side effect profilegmhemerRMRABr apptR-H RN SXIRING ShREaRMISIC.AgaPEsH iR {Rgrapeutic category.
[0042] NEUROPATI—LI PAINbSYhNDROMEeri' Conditjons in this cgte ory, involving "neuropathic pain,"”
affect a significaleniBarst Dalis RaTssaihg HYsRoaRs /B REBER or spinal cord, such as
stroke, trauma, multiple sclerosis, and diabetes. Casey, in PAIN AND CENTRAL NERVOUS SYSTEM
DISEASE (Raven 1991). The use of anticonvulsants to treat various pain states has been documented
extensively. Swendlow, J Chu. Neuropharnwcol. 7: 51-82 (1984). Thus, a novel composition or
pharmaceutical formulation or composition of the present invention can be applied in similar fashion to
ameliorate neuropathic pain. [0043] HEADACHES: Headaches of the migraine type [Hering and
Kuritzky, Cephalagia 12: 81-84 (1992)], the cluster type [Hering and Kuritzky, /oc. cit. 9:195- 198
(1989)], and the chronic type [Mathew and Sabiha, Headache 31: 71-74 (1991)] have been treated
with anticonvulsants. The compositions and formulations of the present invention can therefore be
used to alleviate the symptoms associated with 11 WO 209/117515PCT/US2909/037558 each of
these three headache types, without the adverse side effects of current existing therapies.



[0044] RESTLESSNESS SYNDROME: The phrase "restlessness syndrome" denotes a somatic
(non-mental) restlessness characterized by involuntary movement of the limbs, as well as by a sense
of physical (rather than mental) agitation, which is independent of mood and, hence, is distinguished
from restlessHEFHEHNSE T See Sachev et al., Austral New Zealand]. Psychfatfl/360%8335¢1996)].
[0045] Restlessness syndromes, ifjglsive e s pRis Mo ki be observed in association

with many organic and non-organic psychiatric illnesses. For example, drug-induced restlessness
(tardive, chronic, BA26WAHIEBR Al ahewridhesThemiat! atrbrtieinglL tsanextasRrarResl & Mptoms, is one
of the most commersicte thifestsphhmenoiigptityditty¢Henapychtabnaithin tyaaastesieds-syndrome
rubric are the so-galled "restless leg syndrome” sleep- jod ; ents,"”
pathologies that c&égﬁ %(gné%gég%?én vs\iilgmivé% Ea%%%rhgi)FE‘S?%%’?’%%%%%%%%&%@@%S of the spinal
cord. Idiopathic ré@f3FIEY RN dwst8ifomwibrs futkssitlatdbiminintmesentated @fitha variable
clinical expressiopehsympissicSRE HosaaiethbdehsdntRindy edhicdbGre 432484 1Q8&kdDanek et at, in

NEUROLOGICAL DISORDERS: COURSE AND TREAT, T..page 9- Academic Press
1996); Mcllick an%%ﬁd@@eﬁ?ggg%%%ﬁ@%ﬁﬂ 5@5‘5@%@%5@%&? %sﬁrﬁr&ﬁé%ﬁ?én provides an
effective therapy 28 IS B sKAsyhrive rifss sivtiursirh dhshee efferesnds 06461 MOVERMENT
DISORDERS: Vajiges A9888Srade KReywp, tor dRer rsethie-shipkinglic movement characterizing
movement disorder kinson's disease tipgton's chore lzheimer's disease, tardive
dyskinesia, and jﬁérﬁ%ﬁ%@ggﬁmse? Tffotya %W@%eérge |AFr% ﬁ%%%%%&%ﬂfé%ﬁgg : THE THIRD
GENERATION OFcRROGRESBRavEN®rersdetro@ Zympotiidrapy within the present invention alleviates
one or more SYMpIEIRSIOG:IRAVENeNt fisesder ARATIoThe compraunss afidhe damsatier may also be
useful as anxiety-reducin% (anxiolytic) agents. [0048] By "neurological disorder or disease" is meant a
disorder or disea®§FHHB 'ﬁ'@mﬁgssystem including, but not limited to, epilepsy, anxiety, multiple
sclerosis, strokes, head trauma, spinal cord injuries, and chronic neurodegenerative diseases such as
Parkinson's and Huntington's diseases, Alzheimer's disease, and am otroghic lateral sclerosis. Also
meant by "neurological diséEeERIFIKES Q" HHE thL LS ERep LR EMBRBIMENTS
2009/117515PCIAS200RAB58 states and conditions in which an antispastic or anticonvulsant may
be indicated, use mmended and/or prescribed. [0049] By "neurod erafi isease" is
meant diseases i&#gi?‘ ut ﬁ%ﬁ%?fveedé {%C ¥ lﬁﬁiﬁ‘éﬁ?ﬁ%o&gg{gg&o&% ll%é%?@l%%é\!%gﬁAlzheimer's
Disease, and amyotheipnfetamsalpgicntiioass ypamioss aubeiresnesEorf afaumstsEdiaaita compound
capable of reducipg e seN&filti oy BTN S QL GFAtiTROfCanrvel lsions pradeedNohsevied, or found in
conditions such as generalized hoglitc-clonic ;e%i%gr%s, %)t?gtearoe sgézyorgg,dsm. %%Loncignggigures, simple
partial seizures, cgme;%af%%tigf s'elifalreso,rsecénc?aﬁly generfaﬁizedu partlafnselzures, status epilepticus,
and trauma-induceéthasizanadess sersisitoring! rsadinjulushatrdeihe [o5T]t By eatidBonvulsant
activity" is meantgffigarey g GIRG eI FAVRERNAN LD A &l ki AE & aRMAlsiRBs, produced,
observed, or found in copditions such as geperalizedlton(ic-clonic seizurres ﬁabséegs essgi')zures,
myoclonic seizurBE BRI HIi 3L, REnTAER Sa tEST LRI SLAUE (RS Hs& alized partial
seizures, status dpifepticaisientd tmaroe-iprldizsis).sdiziimssa asloetive fékoiving sedattbingumy or surgery.
[0052] By "therapgillic, dases{smepm-AamaHotehacomponnddhakislievasirsamps extent one or

more symptoms of the disease or condition of the patient. Additionally, by "therapeutic dose" is meant

an amount that ré}8FAk Ao HBYRRR PR Qi iafir BP Las R 9DV WA SRl SRy BRSERSical
parameters assogifrteidamitoddzatisativechfathis ise aseddisodetiticrad4skesdraty it iIdwrrmamount

petween about Ouditaiey HIGHEA BadvomEl oM dERROANG RIG BREn SR dhiaease associated
with the patient. The dosing can be onc to four times a %;{Fq%()gfgg&%y "pharmaceutical composition” is

meant a therapetffeafjeesnBeivg dridtaioraeddmpanty inGentisreriagbharmaceutically

acceptable carrien iisdjvadfarmulatioffde Whichibie £ampdugnd isan haddide dotothlisgylwbaor otherwise

facilitate administration fr Qaen campound. Ex; mples f pharmageuically, ggm&ggﬂiers include
y’sf& ?yn%Pu#erea sa?i ' %aé: ition i

water, saline, anf:rlnpI ological If] line. Such a pharmaceutical composition is provided in a
suitable dose. SURPESIIMOIGEMESHECH SABEMpE ke mPRERdS I RS RusRPTSr qeehthdatment of a

specific disorder day¢hgafBIfEdtmerpRIesizimdaons bhSoChu phirHQRhd tidrdiaserstood that certain
of the compounds of the present invention have one or more chiral stereocenter(s). Such compounds
may demonstrate preferred




13 WO 2009/117515PCPUS20091037558 biological activity as a racemic (or diastereomeric) mixture,
as a mixture of R and S enantiomers (or diastereomers), or as pure enantiomers (R or S) (or
diastereomers). When one pure enantiomer shows @referred biological activity, it is this preferred

enantiomer iS@fIEH 1'3s the eutomer, whereas the less preferred, lessPSibiBRfteMEatHve
enantiomer is referred i s MK disiomer. deope WMET IR RPERAR PRESUNGHIIABMACEUTICAL

FORMULATIONS AND COMPOSITIONS, AND METHODS FOR ADMINISTRATION: As
demonstrated he%TME%XMc%%EEMéﬁH&%FEVém compositions of this invention may be
used to treat neufoi3gjcabNisDICKIGNS: digerses is\W/ hilahwese préganaiicinbayittdypicaltydhe used in

therapy for humag,aficis. ey MA.AINR be.HSPAIARA SN AL ALIdenleal (36AReS I other
vertebrates such as other primates, domestic animals, farm animals stich as swine, cattle, and poultry,
and sports animal§%&hiP Fets SticH e Uers s8Ny sRatrarests. 1oossptthdprekdhtiinvéiton also is
directed to pharmaeeutieal sornuatonaaied:Fonpasiions comaining sopdsnatians@nio or more of
the active COmMpoy glfgag%%(fsri 5%1 Sq}bove The com aggnqgg of the present inventio I%anhggz prepared

(formulated) accorglng t0 KNOWn m%‘t’ﬂlota%t%r preparing p Vgramgceerurﬁscpﬁvfeutge%ﬁ cor%bositions,

whereby active agaiisraricsoiisindg prich e WitHea PRerolatdttieniydbceptgséavgrrier(s). For

instance, see Gegaake tfechinBmEMINGRONS frinrdVAtdEblE e s S BiveE Sisd 8iRad. (Mack
Publishing Co., Easton,.PA, l?A*?O) ang. 0]0) M/tAN ANQ1 g\lflfMAtN'S HE PHQRI\{IACOEOGICAL
BASIS OF THER?RE’%& 'CS. %SOr%’Bolgnednéen%?ogsc‘gfnpolﬁ iGN is sal'to Seo|na(élIpr.x)‘haanrmaceuticalIy
acceptable carriexttéfdantzitnificetanoh karedsisd die teaesondny of redipRyninpheidher. Bileriky can
phosphate-buffergdgaling isperacxamile @ha Phrinasatiinally accepirlte.rapiesspiler suitable
carriers (e.g., saline and Rin er'sgsolutiorg%_arg}w?ll %mwn to those skilled in the art (see below).
[00571 The pharMS&ETfic Ih?)ézé% BB CatREFidi¥es a suitable excipient and/or auxiliary whose
administration is [@#é#hteat ity ttirevphtiemed Rivalabidice of icatiynatd g @ptdible cand exsenmiatiadise known in the
artinclude, but are aafdimiiaehin. FRIRKMEAHRNRALR: CalfidMPROSRIAI: Calfm Sifale. sucrose,
dextrose, lactose_ fructose, xylitol, sorbitol, starch, starch paste, cellulose derivatives, gelatin,

polyvinylpyrrolid SREC LBl CATSFidesuRRAr! ad deelones A FEERRI e NAR iim stearate,
vegetable oils, palyetlenetgiycah SSAEPhESIHAIORUGS cth td. \Wides 1-11 (Rave Press
2009/117515PCT4J5520804037558 sglinersaline.and:-Bingers slinnsiangimiwgahereof. See,
for example, REMINGTON'S PHARMACEUTICAL SCIENCES, supra. [00581 Pharmaceutically
acceptable salts b5k Rl SRIGE R aR A M A AESTR AR AT BiRHeAp BRYVET M Fthe U.S. Food
and Drug Adminidtsaiionfaneotherpyciahifankaiynothnc tdpesettic nmioodpasie siddithitssts.zinc, aluminum,
calcium, and mam&%ygp;pfl@g ee, REMINGTON'S PHARMACEUTICAL SCIENCES, 18th ed., page
1445 (Mack Publishing Co. 1990). [0059] The compounds of the present invention and pharmaceutical
compositions thelSPhidwPNARHERHBA ik tHai UER mRRENES PhBTSRIPBENTE(S) of the present
invention may beigaiftineaikieificar) haoage titosyoasceptaidenar @hantpiesessed into a desired
dosage form. Th rmaceutical compagsitions af the, present invention,may be produced or
manufactured in%%ﬁ%ﬁ%er%%gﬁé i%%ﬁ%ﬁh,%%.,%%gpﬁgﬁs %@(ﬁ:orrll)s/(ggtio% rrgﬁl)%lsng?n Issolving,
granulating, drad@2tpigkifiy |vigatilgthesn sidmatieste acagsseriaibpfaonesspiigthechaetilizing
processes whichniaygivadaothethadphamaegsiigatigarposition of interest and its pharmaceutically

acceptable carririﬁ #?8 éL In ertleralé gthe dosages ogt?e gorppoun?s, fo muéations hand compositions
described herein will vary J’éﬁé"ﬁdfﬁ& ﬁb%nn R actors as ?ﬁecﬁgﬁ%?ff{g aéjstfz?,r v?%igsﬁﬁ h%sight, sex,
general medical eilsdition, dhef previthas erediciitistand Ademagoties) ofamariafiynsa eodnposition of the
present inventiop Rk aiBhasmasentisally aerspiatleralissareagmivisigredviacaciiygct in need of
such treatment in a éheralg%tjgcalg/ effective amount. The combination of active agents%and carrier

| |

(formulation or cBATPEEIN S BURRFTEEIREIA & PR IAY BRIV S ount” if the
amount administeiégdy. pfrysiolagicedhysigmfideritdgs parmateusealicompositidniisaphysiologically
significant if its pIEsERRRIRSUIS R HetReIBRIRANAR0SIRIRSRRXRIGIRAN PERARSIRIERS patient. In the
present context, for example, an anticonvulsant composition is physiglogically significant if the
presence of the CSMPBLHSANLMRORT RS &?Mah‘fdﬁ%‘fldﬁg‘:@f‘ﬁgc?f’é‘@%ﬁ‘ﬁl%’%ba%fbé’bﬂ%sy, such as
seizures and/or tonted|storsndriithéothie dose siperhbyescd osedregueysyonidlkailsoesary according to
the age, body weight, and response of the individual patient. A program comparable to that discussed
above may be used in veterinary medicine. [0061] The compounds of the present invention can be
administered orally using solid oral dosage forms such as, for example, enteric-coated tablets, caplets,
gelcaps, sprinkles, or capsules, or via liquid oral dosage forms such as syrups or elixirs. Unit



15 WO 2009/117515PCMJS2009/037558 solid oral dosage forms preferably contain appropriate
amounts of active compounds per tablet or capsule such that they can be taken 1-2 at a time for a
maximum of two times;oer day. Liquid formulations ¢an also be employed with active compounds so

asto provide“ig_)zzf’f%(ébébﬁfuls per dose. Furthermore, corresponding reqﬁc%%g‘é’é‘@b‘éﬁiatric
chewable and liquid, el 4e5Ade T CApRISAASPepAted andadminisipie 2 ssf gpmpounds can

also be added to foods and beverages in the form of drops (with a dropper from a "concentrate"
preparation) for of&PHEM WA ARIFPIs 4 dRfo HatRe-Esifse s HYTET the praeehtimvaathsadnay also be
formulated into chejwiner gungeita facilitate oral delivery and absorption. Appropriate dosages for each of

ihe compounds Ui dpeSpIERarags.and semeesidons sl presenh Iuenlion dapbe discerned

from the foregoin criptions by thosSe skifled in the art. [0062] Alterhatively, the compounds of the
present inventionsE&i§theAlishiSTISH biPisjectidh 6788 T stene rétikes reubnasittahsdermal or
transmucosal admypisésatianiifobexanpiehnagally Lankingupdyishyssatly ivapinstycoryrectally, via
suppositories. Ot?ﬁgé%gﬁf% eﬁlgllt@lﬁt@gg? SIQ'FUI%%CQA i(g \A?t&gggéxrgl %Iicﬁgor}sgiéggégde intestinal
and parenteral delivery, including inframuscular, subcutaneous, and/or’int 'ame(%llary Injections, as
well as intrathecaitaghiyeddisarditoap psvesirtd iiath mgsiradionglupstrapbime elsrontr&pssal or intraocular

injections. Oral agaNpistfatioRrisHaUFes €l \BHAekORVRh ERELEhereatptisRraiarred. [0063]

The present invention thu conttemplat(-is vari tY (t)]f comzpcaunqs that are suitable for. oral, parenteral,
oceur wi SH?S XCI&’ 11’)C uae, . am%ul CXOr and extensor S asmi 1Pcreai%d ?I‘
transdermal, transmucosal, htranasal, sublingual, buccal, or rectal administration. Tt'is further

understood that tbraggsmisdudebp-tinden prslsaes ilentiomesmlbe wsakhésscdntisiiatioskwith other

pharmaceutically agtiveyindrealientsda BreRats stilbaihssnovsl Rhammassutisal samsaasitions. [0064]
DEMONSTRATINGTHERAPY-IMPLICATINGAND THERAPEUTICALLY RELEVANT ACTIVITY: The

suitability and the ﬁ%ﬁﬁtic effectiveness of a given pharmaceutical formulation or composition for the
alleviation of sym@38jsltespdibelogetstitcvehscamdm dpastonitstiatefinsizrositdlthifieanenadtmodels,

testing, and scregping,maURds RIS AR AESGHBEY B8 Bobt SRAIRASA 589,994,6,617,358, and

7,265,155, which are hereby incorporated herein in their entirety. [0065] The therapeutic effects of the
compounds of th&h BRI SeRWelioah Ve B riuRs s alithsh yisha marTseieb Pty Smake the
compounds of theuridsefibirpeeinhion idebd AYEntTHexetprhireatrabnitef the aeeniiffioars fescribed above.

With this 16 WO,2008441 46 18R U S200I03 7558 backareuRd . e presantinvaaiiag will be

understood more readily by those skilled in theé art by reference to the examples below', which are

provided for purpBe&asof HIAISAaiBBH oA HERGRRINERAEMS beSHAitRRT SPAFE iKUK EXAMPLES
Example 1. Preppedpiradf Gonipeilinell A $3apdbah|caephemybp@3ymettwddotyraimidelcdled

"antispasmodic" or "spasmolytic" agents, but these generally are not useful in treating
spasticity. Cedarbaum & Schleifer, "Drugs for Parkinson's Disease, Spasticity and
Acute  Muscle Spasms,” in  GOODMAN AND GILMAN'S THE
PHARMACOLOGICAL BASIS OF THERAPEUTICS, 8th ed. [hereafter
GOODMAN AND GILMAN'S], pages 463-484 (Pergamon Press 1990).

[0639] The compositions of matter and pharmaceutical formulations and
compositions employed in accordance with the present invention can effect a centrally
mediated decrease in muscle tone and, hence, are useful for the acute or chronic
alleviation of one or more symptoms or side effects of spasticity. In this context,
"spasticity" refers to a heightened tone of skeletal muscle with is manifested by
symptoms such as, but not limited to, painful flexor or extensor spasms, increased or
exaggerated deep-tendon reflexes, hyperreflexia, loss of dexterity, muscular
weakness, exaggerated tendon jerks, and clonus. The phrase "antispasticity agent"

refers here to a composition that is useful for the symptomatic treatment of spasticity,



MW =212.66MW =231.12MW =211.69 C"H"C102041".C120C"H"CINO [0066] A solution of
3-(4-chlorophenyl)-3-methylbutyric acid (6.1 g, 41.9 mmol) in CI-12C12 (100 mL) and DMF (0.2 mL)
was treated with oxalyl chloride (5.2 nth, 7.45 mmol}@t OC under static nitrogen. The reaction solution
was stirred atY83i ¥ Hb‘érature overnight under nitrogen. The excess dicRfoFdieti4déSas removed
under reduced pressure. Th ulting, residue e [Q067] Ammonia
(gas) was bubbled't %‘Su’éxr‘% eéeg%lééﬁogﬁ'%?at g g ?3? 4@{‘:’%%)% 'é{f-%‘%%%?ﬁ’é%hﬁbutyryl
chloride] in anhydigti&ffeeiof soticifly atainfid Jlees C eI ToP I iRERSSc Pl ¥asieiIfdmixture was
stirred overnight atép@smdtampaTatese e atatic NivwgeT. (69681 hankittaprecipitais, (@mmonium
chloride) was filtered and washed with THE (100, mL) yIhe filrate andwash.selutigngugre combined
and evaporated under reduce pre’ssu?e. he resulting white solid was re-dissoived in ethyl acetate
(300 mL). The etimaraisetsiensaysidnelfenidshed with H20, 1.0 M HCI, a saturated solution of sodium
bicarbonate, and jpifg 3Qb4tiansIThaLcthd asriatesphition wasrtherdoadt oueErmagnesiim sulfate,
filtered, and evaporated unde{ redU(f:ed r.essure.lT er SL%Iting y.vhjtedstolid Wafﬁltrfilturated with a chilled
solution of diethyf”et?rfglfea%n é’)r?asng( :%ﬁi?y’l'ﬁ?glé orued 42 émétfewh?fe%?gkes exor o
[3-(4-chlorophenyXkjegsonspaspib ingreassitie] (eaespieddicePrivadpmreficion dsrtadienindest@be 100% pure
by GC/MS analysisxiddd, MR sSheatesceps gaxesianRis erasiateabivithoigeneadudsstructure and
indicated greater 15PCT/US2009/037558 Example 2.Preparationof

t%ﬁ? 98%£u ig. 7 W, 20.09/117.§ a
CompoundB[3-(4EATEF&HR ﬁéf SINCRREHOB I TETTEET ™  Mw=212.6.8MW .,231.12MW =225.72
C"H"CI102.C"Fit, (a@#0D 2RERETIKEOMOOD DISORDERS: These include conditions ranging from

depression to dysphoric mania, for example, mania, schizoaffective disorder,

traumatic brain injury-induced aggression, post-traumatic stress disorder, bipolar
mood disorder, panic states, and behavioral dyscontrol syndromes. See Emrich et al.,
J. Affective Disorders 8:243-250 (1985) and Bemasconi ef «al, in
ANTICONVULSANTS IN AFFECTIVE DISORDERS, pages 14-32 (Excerpta
Medica 1984). The novel compositions and pharmaceutical formulations and
compositions according to the present invention are effective in the treatment of these
diseases, disorders, and conditions, and should exhibit improved side effect profiles
when compared to currently existing therapeutic agents in this therapeutic category.
[0042] NEUROPATHIC PAIN SYNDROMES: Conditions in this category,
involving "neuropathic pain,” affect a significant number of patients suffering from
disorders of the brain or spinal cord, such as stroke, trauma, multiple sclerosis, and
diabetes. Casey, in PAIN AND CENTRAL NERVOUS SYSTEM DISEASE (Raven
1991). The use of anticonvulsants to treat various pain states has been documented
extensively, Swendlow, J. Clin. Neuropharmacol. 7: 51-82 (1984). Thus, a novel
composition or pharmaceutical formulation or composition of the present invention
can be applied in similar fashion to ameliorate neuropathic pain.

[0043] HEADACHES: Headaches of the migraine type [Hering and Kuritzky,
Cephalagia 12: 81-84 (1992)], the cluster type [Hering and Kuritzky, loc. cit. 9:195-
198 (1989)], and the chronic type [Mathew and Sabiha, Headache 31: 71-74 (1991)]
have been treated with anticonvulsants. The compositions and formulations of the

present invention can therefore be used to alleviate the symptoms associated with



[0069] A solution of 3-(4-chloropheny1)-3-methylbutyric acid (5.95 g, 28 mmol) in CH2C12 (100 mL)
and DMF (0.2 mL) was treated with oxalyl chloride (5.2 mL, 7.45 mmol) at 0 C under static nitrogen.
The reaction solution was stirred at room temperatung overnight under nitrogen. The excess
dichlorometh#eX¥44 t&Hoved under reduced pressure. The resulting resRItEWAYHIEGTDped by
toluene (50 mL). L%O?O j%we si%ue S gssolv i &go L of dry IH d treated with methylamine
solution (2.0 M IncFHIE S e S Rty S e e e oL AL, B B e
overnight at roomhemRsrature under static nitrogen. [0071] The white precipitate was filtered and
washed with THF($a@f) rit3TT heshltsetesambreshesoitéiphraere:aRmfined anchayvaeasaied under
reduced pressure. The res(ultln%wgllt)e solid was rg-dlssolvgdbln‘dleml)(tlaethecr) \@n(l)eon tmI}.)ﬂr;Ie':he ether layer

d
was washed withq-lsé)&ail.co MHCT % sa é%?é%fssg Gtion of sodium %lcarﬁ/oﬁatg, and?arln‘e solution. The
ether solution wa$ntrenadrieell cirebyriagerssigmpbuiias (Ritesrethan rioeaidhpegisbonuritétirédiuced
pressure. The resyliipehudnite selidavasitiisiated withnaushitled-salvtiarehdiepeylethgsand hexane
(50:50). This afforded 5.46 g of white flakes [3-(4-chlqroph )=3.N-dimethylbutyramide] (86% vyield).
This material Wassa%}ieevrﬁﬁi?]lé f‘(‘%trkﬁ'é 66 o‘f?&g{))‘/g 8%&%%%%%%/35%8\]119? NMR spectroscopy gave
signals consistenfOfdt] Restimsotksetzndtruete o indisasdoysaadisatinan @8%s pbsityefxample 3.
Preparation of Comigauish G R }3Phemib uiw ARIYRIni MW EA2 MW 1 Fe: G2M S 1E3.22
CioN,202C10H,,C10Cm1-1,,NO 18 WO 2009/1175_15PCU,U82009é%f37,558 10(%721 A solution of
(R)-3-phenylbuty B S {eF G reote s iiaiy v e 15 HIRSrake BRfE 5k ME) %alifeated with
oxalyl chloride (3ifdovked Skitapyraniyigt HOprier stadie mifraye mdshemactiosidolefiatswes stirred at

room temperature oyaaighlupdaLRiTogan, Thsierressaishioomethane was emgyed.under reduced

pressure. The resulting residue was azeotroped by toluene (50 mL). [00731 Ammonia (gas) was
bubbled through fRESSoIUFST 118 RRAEMSridB (RS SERFRAGH RS9I dF kT SBFNRIrous THE (100
mL) at 5 degreespamtdigifothaSoairidtassothedeattdramixbdier wigisabtised towemight atitoom

temperature undsg alatic riogsfy 00441 s hite.ieRliats (AT ChlorAR S fitered and

washed with THF (100 mL). The filtrate and wash-solution wefe combined and eva}#orated under
reduced pressurdlomipbiiRTHaRGan NS 8TRhY FiNTaLEIEESIANRh Y HEREte P8O0 HISfThe ethyl
acetate layer wastwashiedr-withid2056:. QM- HE | ( saturayestisadution of MNEliRoIiGIKhanate, and brine
solution. The eth olw' DRWAS ' Y/ agnesi S i fgl(}e ed, evaporated
under reduced pésﬁé%?éﬁ. r‘gu'de mat\gﬁa%v%%g %%%%eg using %aﬁeﬁo;g%e%g%ﬁ Cyset:g]r}r% (?gf%mn Si 40+M

0344-1, 95:5, CHEER: Méliek ek Medighindearrioand Senmplvassiitdtaté d%ith Ehe mRsensolution of

diethyl ether andihesaie (89:56) of bikafierdrehR I ebtvhitesselisiior)-3wphenyibulyiamide] (73%
yield). This materei was determined to be 100% pure by GC/MS analysis. IFI INIMR spectroscopy
gave signals congistent with the product's structure and indicated greater than 98% purity. Example 4.

Preparation of COMAGIUME DEEENFIDEYOBRERT bupinwicegents are known to decrease the

dyskinetic movement characterizing movement disorders such as Parkinson's disease,
Huntington's chorea, Alzheimer's disease, tardive dyskinesia, and stiff-man syndrome.
Lloyd and Morselli, in PSYCHOPHARMACOLOGY: THE THIRD GENERATION
OF PROGRESS (Raven Press 1987). A therapy within the present invention
alleviates one or more symptoms of a movement disorder.

[0047] The compounds of the invention may also be useful as anxiety-reducing
(anxiolytic) agents.

[0048] By "neurological disorder or disease” is meant a disorder or disease of the
nervous system including, but not limited to, epilepsy, anxiety, multiple sclerosis,
strokes, head trauma, spinal cord injuries, and chronic neurodegenerative diseases
such as Parkinson's and Huntington's diseases, Alzheimer's disease, and amyotrophic

lateral sclerosis. Also meant by "neurological disorder or disease” are those disease



MW =138.14MW=224 20MW =208.23 C1H7FO0CI-1,705PCi2H,a802 E & Z mixture 100751 In a
3-necked, 500-mL round-bottomed flask, a suspension of sodium hydride (60% in oil, 1.1 eq. 80 mmol,
3.20 g) in N,N-dimethylformamide (DMF, 100 mL) urder nitrogen was treated drop-wise with a solution
of triethyl phSEPRENGEH Ate (1.2 eq. 87 mmol, 19.50 g) in DMF (50 mL). REEUHE%G876h, the
reaction mixture was heated in.a water bath (100¢) until all visible signs of sodi ydride were
gone (30 minute;g\){a%m%i% 3?&\%‘53‘%&) 3%1 t‘%n 5&%@%&%6@%&?@ l%r?g ﬁ%ﬂ%é%géé%%h a 19wWoO
2009/117515PCuE82000087898! gaWaiancst Befluoroacetophenone (1.0 eq. 10 g, 72.4 mmol) in DMF

(50 ml.). The reacsigyyymxtuiewas: sibkeR dAisdaoUussbanabientdeppasabureaninact- i, aliquot was
removed and qu??ched inwgtgerag-e 2 ark?. Dietlﬁl etherA-%engryg/ added to ggso%%d the mixture was
y

equilibrated. Ana SRR organic ayefI Of/’%% MEEhowe comp ésteeasgbr?gumpﬁon B’P’tﬁe starting

benzophenone. AgfaatesigiosihéMelction mixture was quenched by the addition of water. The mixture
was transferred tyasigrgs rosdiiotiomed flask andihpmajaptsrfdhesavenie weakgirgmoved using a
rotary evaporator. The mixture was fcooleq and tra sfeJregI toa sglpiarat y fun(riltel usingh[a] diethyl
ether (500 mL) aﬂamwﬁrfe?r( BEHML. FRERIREREWVAS éqouﬁl Y%&é ant ?c})fe 5%nuébolﬁl§ fé'yer was
removed. The orgarientessiedvamisabngd sairacklitbisarS shines ity oebeie (SRWPSO $YIGC/MS

analysis of this sglifignsshawedaniRr RSt (40 JRBIRINNG RNGsRhANpaGSlals ukle organic
solution was dried over anhydrous ML%%’OQ_ filter%d, and concentrated to afford 18,09 g of crude
material (containFRSicRETRI S A TARAPAST I BHES RDIST DRV e 3879 B8hF ° Mw
4208.2354W =210:2&y.

[0051] By "anticonvulsant activity" is meant efficacy in reducing the severity,
number, or duration of convulsions produced, observed, or found in conditions such
as generalized tonic-clonic seizures, absence seizures, myoclonic seizures, simple
partial seizures, complex partial seizures, secondarily generalized partial seizures,
status epilepticus, and trauma-induced seizures, as occur following head injury or
surgery.

[0052] By "therapeutic dose" is meant an amount of a compound that relieves to some
extent one or more symptoms of the disease or condition of the patient. Additionally,
by "therapeutic dose" is meant an amount that returns to normal, either partially or
completely, physiological or biochemical parameters associated with or causative of
the disease or condition. Generally, it is an amount between about 0.1-15-20-30
mg/kg body weight, depending on the age, size, and discase associated with the
patient. The dosing can be one to four times a day.

[0053] By "pharmaceutical composition” is meant a therapeutically effective amount
of a compound of the present invention in a pharmaceutically acceptable carrier, i.e., a
formulation to which the compound can be added to dissolve or otherwise facilitate
administration of the compound. Examples of pharmaceutically acceptable carriers
include water, saline, and physiologically buffered saline. Such a pharmaceutical
composition is provided in a suitable dose. Such compositions are generally those
which are approved for use in treatment of a specific disorder by the FDA or its
equivalent in non-U.S. countries.

[0054] 1t is understood that certain of the compounds of the present invention have

one or more chiral stereocenter(s). Such compounds may demonstrate preferred



C"H"FO2C"H"F02 E & Z mixtureR & S mixture [0076] A solution of crude of
[3-(3-fluomphenyl)-but-2-enoie acid ethyl ester] (9 g, 0.015 mmol) in methanol (75 inL) was treated
with PclIC (10%, 450 mg). The reaction mixture was3subjected to hydrogenation at 45 psi for 1 hour.
The reactionHihdtié i passed through a Celite plug to remove palladidfii 8RS e¥BbH 5Tthe filtrate

was concentrateghyigiepeduged prssai: BnAIRSRSiA0H A acolariess ol s

(3-f|uorophenyl)butyr§é acid ete%/ ester]. The material was determined to be 94% pure by GC/MS
analysis. This preeRISIOEES (RediaNRISBRESU MR BFINDGE Hirfsrd) G 4123689 PER)crude solution

of 3-(3-f|uorpphemﬂ&btﬁy&i@aeidneﬁhyhﬁstﬁrmﬂ@pleMS pishagdicil ettieingl (50 this) prediseéated with 10 M
NaOH solution (50.mk 85  mmoll 20O 20001 FSA5R T/ SR90RISIS58 TR fpction mixture

1
was refluxed overnig e reaction mixture was dried under reduced pressure inorder to get rid of
the ethyl alcoholadtive reasiiamer iestiediassrdgidistIvet in 150 mL of water. The mixture was

transferred to a gepsyRtOEY HOS! LSRN P REHER (NG nPE)Aa0d Aty e H1e rHRROMIILA TIbE Snixture was
equilibrated and ether | moyved. E?Iﬁ% 0 y idifi HCJ solution (pH-2)
and extracted wi q%)@%%%lﬁ%%&% L). i Fe%rganlc ?ay%?'r)ﬂv%ag%rie %@eﬁf{ rﬁgaglyesiu‘% sulfate,
filtered, and condemeatetiadniRseinedsrfal phesmsepeticrhirardrtiens ard gorertitipangé thicous oil,

3-(3-fluoropheny\Rutykis anid £82:6% weldi: Thisomgiarialiwrrdeieraasesio haild@kspure by GC/MS

analysis, [0078] A solution qf 3-(3-tflugrophenyl)putyric.acid (8.1 g,.44.46 mmaol) in CH2C12 (100 mL)
and DMF (0.7 mgseﬂfégt'ﬁ}ésa‘fvéﬂ Wﬁﬁagol%gif/l%ﬁ?on(}ge(%isfoﬁ"lct?é% ﬁ%ﬁeg?)s’a%&ycnbaﬁ)cfg?ostgaétic nitrogen.
The reaction solutightovtisas sirméldr air identice digrasasuineothve netigiraptiaichinogfber. riveaskcess

dichloromethane, wasfemigvar YRHeiiRAUCRIPIESHINE cAile Eagplingyasidlypmammrgotroped by

toluene (70 inL).
and pets such as horses, dogs, and cats.

[0056] The present invention also is directed to pharmaceutical formulations and
compositions containing combinations of two or more of the active compounds
described above. The compounds of the present invention can be prepared
(formulated) according to known methods for preparing pharmaceutically useful
compositions, whereby active agents are combined in a mixture with a
pharmaceutically acceptable carrier(s). For instance, see Gennaro (Ed.),
REMINGTON'S PHARMACEUTICAL SCIENCES, 18th ed. (Mack Publishing Co.,
Easton, PA, 1990) and GOODMAN AND GILMAN'S THE PHARMACOLOGICAL
BASIS OF THERAPEUTICS. A compound and/or a composition is said to be in a
"pharmaceutically acceptable carrier" if its administration can be tolerated by a
recipient patient.  Sterile phosphate-buffered saline is one example of a
pharmaceutically acceptable carrier. Other suitable carriers (e.g., saline and Ringer's
solutions) are well known to those skilled in the art (see below).

[0057] The pharmaceutically acceptable carrier includes a suitable excipient and/or
auxiliary whose administration is tolerated by the patient. Pharmaceutically
acceptable carriers which are known in the art include, but are not limited to, calcium
carbonate, calcium phosphate, calcium sulfate, sucrose, dextrose, lactose, fructose,
xylitol, sorbitol, starch, starch paste, cellulose derivatives, gelatin,
polyvinylpyrrolidone, sodium chloride, dextrins, stearic acid, magnesium stearate,

calcium stearate, vegetable oils, polyethylene glycol, sterile phosphate-buffered



[0079] Ammonia (gas) was bubbled through the solution of the acid chloride [3-(3-
fluoro-phenyl)butyryl chloride] in anhydrous TI-IF (100 mL) at 5 degrees Celsius for 15 minutes. The
reaction mixture was stirred overnight at room tempprature under static nitrogen. [0080] The white
precipitate (a9 TAloride) was filtered and washed with THF (200 mEY/ G HEMIEEaNd

wash-solution were combined and evaporat %under educed pressure. {he hite solid was
re-dissolved in e P Stas (38D HIs® h(saoglt Ki/[fsacaé’t%tré"l)gyt}%ers V\E/%sre\?vtgshgeeg’wgﬁﬁ%%g:p %’O M HC1, a
saturated solutioRBMENGTONSH CAEBBNAEEANd Gih 8 GBI, e ethyl acetate solution was then dried

overtnjtag nfﬂumt?dg%f’%ﬁ%{qﬁm ]fav@ewmegaumdgra@me@neewneagbﬁmsu&m white solid
was triturated with a chilled solution of diet her and hexane (50:50),.This afforded.6.8 g of
off-white powder 8%‘”39(?3‘3%%%‘??@5?138%@@%?& %@ﬂ%@ﬁe%‘j.g gh |snrlﬁsgp%??§l was r(':}rent“g(rgrlr%l ned to be
100% pure by GGiMStagalysisd@ militure pftRsaum SlighamticinersyupinimR @ldeiostisby gave

signals consistent with the priedugl.spstiistereoand indicalpd-gentes theorBRYERUIEL od.,
21 WO 2009/117515PCPUS20091037558 Examples 5-14. Preparation of Compounds E-N. [0081]

C_ompounds E-N Rﬁ%"réﬁ?e%@ﬁl)ﬁgmﬁl?ﬁg%‘owg@ponding acetophenones (shown in Table 1 below)
with the method yeesdffahthemrepadatidriief Bespoorhidinaik hmpkaccutivdveennaiiviibon, Compound

M (Example 13) gnd Compaund M.(Example 14kvere Prepasadiusing haeuesnonding amines, i.e.,

methylamine and dimethylamine, respectively. Al! of the final products were determined,to be 100%
pure by GC/MS AREIGRG EVERUPRIRR R RAmiRb B R BRAHEAT ﬁcéieﬁtg\i??éa %?gﬁ%@@gﬁsistent with its
structure and indigatesgresten tesir@BUoayeitormxafipiephtombanricla ddfeigkititgy % Yield Product

Chemical Name %r%gggts RQQ%QQ rr'?ég/ tooep;t}‘éﬁ‘@c'%ﬁ or manufactured in a manner that is itself known,
e.g., by means of conventional mixing, dissolving, granulating, dragee-making,
levigating, emulsifying, encapsulating, entrapping, or lyophilizing processes which
involve both the pharmaceutical composition of interest and its pharmaceutically
acceptable carrier.

[0060] In general, the dosages of the compounds, formulations, and compositions
described herein will vary depending upon such factors as the patient's age, weight,
height, sex, general medical condition, and previous medical history. For purposes of
therapy, a composition of the present invention and a pharmaceutically acceptable
carrier are administered to a subject in need of such treatment in a therapeutically
effective amount. The combination of active agents and carrier (formulation or
composition) is said to be administered in a "therapeutically effective amount” if the
amount administered is physiologically significant. A pharmaceutical composition is
physiologically significant if its presence results in a detectable change in the
physiology of a recipient patient. In the present context, for example, an
anticonvulsant composition is physiologically significant if the presence of the
composition results in the alleviation of one or more symptoms of epilepsy, such as
seizures and/or convulsions. Further, the dose and perhaps dose frequency, will also
vary according to the age, body weight, and response of the individual patient. A
program comparable to that discussed above may be used in veterinary medicine.

[0061] The compounds of the present invention can be administered orally using solid
oral dosage forms such as, for example, enteric-coated tablets, caplets, gelcaps,

sprinkles, or capsules, or via liquid oral dosage forms such as syrups or elixirs. Unit



E 3.2 91 4orophenyl butyramide 41-fluoroacetophcnone 6 F 5.7 79 3-14-(trifluoromethyl)-

phenyllbutyramide 41-(trifluoromethyOacetophenone 7 0
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solid oral dosage forms preferably contain appropriate amounts of active compounds
per tablet or capsule such that they can be taken 1-2 at a time for a maximum of two
times per day. Liquid formulations can also be employed with active compounds so
as to provide 1-2 teaspoonfuls per dose. Furthermore, corresponding reduced dosage
pediatric chewable and liquid oral dosage forms can also be prepared and
administered. These compounds can also be added to foods and beverages in the
form of drops (with a dropper from a "concentrate” preparation) for oral
administration. In addition, the compounds of the present invention may also be
formulated into chewing gum to facilitate oral delivery and absorption. Appropriate
dosages for each of the compounds used in the formulations and compositions of the
present invention can be discerned from the foregoing descriptions by those skilled in
the art.

[0062] Alternatively, the compounds of the present invention can be administered by
injection or other systemic routes, such as transdermal or transmucosal administration,
for example, nasally, sublingually, buccally, vaginally, or rectally, via suppositories.
Other routes of administration (e.g., useful in veterinary applications) include
intestinal and parenteral delivery, including intramuscular, subcutaneous, and/or
intramedullary injections, as well as intrathecal, direct intracerebroventricular,
intravenous, intraperitoneal, intranasal, or intraocular injections. Oral administration
is much more convenient, however, and therefore is preferred.

[0063] The present invention thus contemplates a variety of compounds that are
suitable for oral, parenteral, transdermal, transmucosal, intranasal, sublingual, buccal,
or rectal administration. It is further understood that the compounds of the present
invention can be used in combination with other pharmaceutically active ingredients
to prepare still other novel pharmaceutical compositions.

[0064] DEMONSTRATING THERAPY-IMPLICATING AND
THERAPEUTICALLY RELEVANT ACTIVITY: The suitability and therapeutic
effectiveness of a given pharmaceutical formulation or composition for the alleviation
of symptoms, as discussed above, can be demonstrated by using the animal models,
testing, and screening methods which are described in, e.g., U.S. Patents 6,589,994,
6,617,358, and 7,265,155, which are hereby incorporated herein in their entirety.
[0065] The therapeutic effects of the compounds of the invention described above,
combined with a general lack of toxicity, make the compounds of the present

invention ideal agents for the treatment of the conditions described above. With this



6.8 84 3-13-(trifluoromethyl)- phenyl]butyramide 3 -(trifluoromethyOacetonon 8 H 3.8 81
3-14-(trifluoromethoxy)- phenyl]butyramide 41-(uifluorotnethoxy)acetophenone 9 1 1.9 86
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background, the present invention will be understood more readily by those skilled in
the art by reference to the examples below, which are provided for purposes of

illustration and are not intended to be limiting of the invention.

EXAMPLES
Example 1. Preparation of Compound A [3-(4-Chlorophenyl)-3-methylbutyramide].

C!
Ammonia (gas}
DMF/ CH,CL, CH Cl

MW =212.68 MW =231.12 MW =211.69
C1H,,CIO, CysHppClLO Cy;Hy CINO

[0066] A solution of 3-(4-chlorophenyl)-3-methylbutyric acid (6.1 g, 41.9 mmol) in
CH,Cl, (100 mL) and DMF (0.2 mL) was treated with oxalyl chloride (5.2 mL, 7.45
mmol) at 0°C under static nitrogen. The reaction solution was stirred at room
temperature overnight under nitrogen. The excess dichloromethane was removed
under reduced pressure. The resulting residue was azeotroped by toluene (50 mL).
[0067] Ammonia (gas) was bubbled through the solution of the acid chloride [3-(4-
chlorophenyl)-3-methylbutyryl chloride] in anhydrous THF (100 mL) at 5 degrees
Celsius for 15 minutes. The reaction mixture was stirred overnight at room
temperature under static nitrogen.

[0068] The white precipitate (ammonium chioride) was filtered and washed with THF
(100 mL). The filtrate and wash-solution were combined and evaporated under
reduced pressure. The resulting white solid was re-dissolved in ethyl acetate (300
mL). The ethyl acetate layer was washed with H;O, 1.0 M HCI, a saturated solution
of sodium bicarbonate, and brine solution. The ethyl acetate solution was then dried
over magnesium sulfate, filtered, and evaporated under reduced pressure. The
resulting white solid was triturated with a chilled solution of diethyl ether and hexane
(50:50). This afforded 4.22 g of white flakes [3-(4-chlorophenyl)-3-
methylbutyramide] (69% yield). This material was determined to be 100% pure by
GC/MS analysis. '"H NMR spectroscopy gave signals consistent with the product’s
structure and indicated greater than 98% purity.



3-13-(trifluorometboxy)- phenyllbutyramide 31-(tuoromethoxy)acetophenon 10 3 2.3 84
3-(3-chloro-4-methoxy- phenyl)butyramide 3 chloro-41-methoxyacetopnon 11 K 3.6 70 3-(3,4-

ethylenedioxyphenyl)- 17
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Example 2. Preparation of Compound B  [3-(4-Chlorophenyl)-3,N-

dimethylbutyramide].
o
0 u/‘H{C’ o] 0
o Methylamine 2.0M/THF P
B © DMF! CH,CI “ CH,CI N
i Chalr] il
N c C
MW =212.68 MW =231.12 MW =225.72
C11HysCIO, C\5HypCLO C o H4sCINO

[0069] A solution of 3-(4-chlorophenyl)-3-methylbutyric acid (5.95 g, 28 mmol) in
CH,Cl; (100 mL) and DMF (0.2 mL) was treated with oxalyl chloride (5.2 mL, 7.45
mmol) at 0 °C under static nitrogen. The reaction solution was stirred at room
temperature overnight under nitrogen. The excess dichloromethane was removed
under reduced pressure. The resulting residue was azeotroped by toluene (50 mL).
[0070] The residue was dissolved in 150 mL of dry THF and treated with
methylamine solution (2.0 M in THF, 45 mL, 84 mmol) at 5 degrees Celsius. The
reaction mixture was stirred overnight at room temperature under static nitrogen.
[0071] The white precipitate was filtered and washed with THF (100 mL). The
filtrate and wash-solution were combined and evaporated under reduced pressure.
The resulting white solid was re-dissolved in diethyl ether (300 mL). The ether layer
was washed with HyO, 1.0 M HCl, a saturated solution of sodium bicarbonate, and
brine solution. The ether solution was then dried over magnesium sulfate, filtered,
and evaporated under reduced pressure. The resulting white solid was triturated with
a chilled solution of diethyl ether and hexane (50:50). This afforded 5.46 g of white
flakes [3-(4-chlorophenyl)-3,N-dimethylbutyramide] (86% yield). This material was
determined to be 100% pure by GC/MS analysis. 'H NMR spectroscopy gave signals
consistent with the product’s structure and indicated greater than 98% purity.

Example 3. Preparation of Compound C [(R)-3-Phenylbutyramide].

O
/U\rfc'
: 0 ci : 0 , : O Chiral
: o) ! Ammonia (gas) !
MW =164.21 MW =182.65 MW =163.22

C10H1202 C1GH11CIO CXOHﬂ’aNO



butyramide 31,41-ethylenedioxyacetophenone el _ 2.5 91 3-(3,4- methylenedioxyphenyO- butyramide
31,41-methylenedioxyacctophenone 13 NI 2.7 90 N-methyl-3-(3,4-
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[0072] A solution of (R)-3-phenylbutyric acid (4 g, 24.36 mmol) in CH,Cl, (75 mL)
and DMF (0.1 mL) was treated with oxalyl chloride (3.0 mL, 34.0 mmol) at 0°C
under static nitrogen. The reaction solution was stirred at room temperature overnight
under nitrogen. The excess dichloromethane was removed under reduced pressure.
The resulting residue was azeotroped by toluene (50 mL).

[0073] Ammonia (gas) was bubbled through the solution of the acid chloride [(R)-3-
phenylbutyr] chloride] in anhydrous THF (100 mL) at 5 degrees Celsius for 135
minutes. The reaction mixture was stirred overnight at room temperature under static
nitrogen.

[0074] The white precipitate (ammonium chloride) was filtered and washed with THF
(100 mL). The filtrate and wash-solution were combined and evaporated under
reduced pressure. The resulting white solid was re-dissolved in ethyl acetate (300
mL). The ethyl acetate layer was washed with H,O, 1.0 M HCI, a saturated solution
of sodium bicarbonate, and brine solution. The ethyl acetate solution was then dried
over magnesium sulfate, filtered, and evaporated under reduced pressure. Crude
material was purified using a Biotage SP4 System (Column Si 40+M 0344-1, 95:5,
CH,Cl: MeOH). The resulting off-white solid was triturated with a chilled solution
of diethyl ether and hexane (50:50). This afforded 2.9 g of white solid [(R)-3-
phenylbutyramide] (73% yield). This material was determined to be 100% pure by
GC/MS analysis. '"H NMR spectroscopy gave signals consistent with the product’s
structure and indicated greater than 98% purity.

Example 4. Preparation of Compound D [3-(3-Fluorophenyl)butyramide].

o o o
F o) o NaH / DMF F e o
(o
f I §

S + i1
=
"
MW =138.14 MW =224.20 MW =208.23
CgH,FO CgH,,0,P C,,H,5FO,

E & Z mixture
[6075] In a 3-necked, 500-mL round-bottomed flask, a suspension of sodium hydride
(60% in oil, 1.1 eq. 80 mmol, 3.20 g) in N,N-dimethylformamide (DMF, 100 mL)
under nitrogen was treated drop-wise with a solution of triethyl phosphonoacetate (1.2
eq. 87 mmol, 19.50 g) in DMF (50 mL). After the addition, the reaction mixture was
heated in a water bath (100°C) until all visible signs of the sodium hydride were gone

(30 minutes). The mixture was cooled to ambient temperature and then treated with a



methylenedioxy- phenyl)butyramide 31,41-methylenedioxyacetophenone 14 N 2.373
N,N-dimethy1-3-(3,4- methylene- dioxyphenyObutyramide 31,41-methylenedioxyacetophenone Table

1 Example 15. Preparation of Compound 0 [3-(4-Cyanophenoxy)butyramide].
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solution of 3’-fluoroacetophenone (1.0 eq. 10 g, 72.4 mmol) in DMF (50 mL). The
reaction mixture was stirred for 2 hours at ambient temperature and a 1-mL aliquot
was removed and quenched in water (~ 2 mL). Diethyl ether (~2 mL) was added to
this and the mixture was equilibrated. Analysis of the organic layer by GC/MS
showed complete consumption of the starting benzophenone. As a result, the reaction
mixture was quenched by the addition of water. The mixture was transferred to a
large round-bottomed flask and the majority of the solvents were removed using a
rotary evaporator. The mixture was cooled and transferred to a separatory funnel
using [a] diethyl ether (500 mL) and water (250 mL). The mixture was equilibrated
and the aqueous layer was removed. The organic layer was washed an additional 3
times with water (3 x 250 mL). GC/MS analysis of this solution showed only product
(with no remaining phosphonoacetate}). The organic solution was dried over
anhydrous MgSQ,, filtered, and concentrated to afford 18.09 g of crude material

(containing oil from the sodium hydride).

0 0
F\Ej)\/mo Pd/C (10%), MeOH, 45 psi dek o
K 1 Hour l\

MW =208.23 MW =210.25
C12H13F02 CIZH15F02
E & Z mixture R & S mixture

[0076] A solution of crude of [3-(3-fluorophenyli)-but-2-enoic acid ethyl ester] (9 g,
0.015 mmol) in methanol (75 mL) was treated with Pd/C (10%, 450 mg). The
reaction mixture was subjected to hydrogenation at 45 psi for 1 hour. The reaction
mixture was passed through a Celite plug to remove palladium on carbon. The filtrate
was concentrated under reduced pressure. This afforded 10.1 g of a colorless oil [3-
(3-fluorophenyl)butyric acid ethyl ester]. The material was determined to be 94%
pure by GC/MS analysis. This product was used without purification (to remove

mineral oil).

O o
F NaOH [10M)/ EtOH
O/\ aOH [10M)/ EtO| F [ SN o
reflux over night P
MW =210.25 MW =182.20
C12H15F02 C10H11F02

[0077] A crude solution of 3-(3-fluorophenyl)butyric acid ethyl ester, 10.1 g, 48
mmotl] in ethanol (50 mL) was treated with 10 M NaOH solution (50 mL, 857 mmol).



KM1W =119.12MIN =86.09 C7H5NOC4H002 MIN .205.22 C" H, , NO3 [0082] A solution of 4 g (0.1
mol) of sodium hydroxide in 100 mL of H20 and 11.9 g (0.1 mol) of 4-cyanophenol was heated at
reflux for 15 minutes. b-Butyrolactone (8.6 g, 0.1 mpd) was added to the refluxing solution over 15
hours. The ré¥etFSAWES then cooled to room temperature. The reaction sS&EH®SWROFEASferred to a

separatory funnefsing wate, (200, il srer (290 k) TG i e gglibrated and

tion ure was ove
the ether layer was removed. The agueous layer was acidifie I solution (pH-2) and extracted

with ethyl acetatee(@odH pieysuThia ewsnta@étai‘éqé%maba&mbd-ogb? el eSRHAS RREfiltered, and
concentrated undeyssRauced 1 easereageaifone kA€ wicrdaadpraiics. sEhisaastydRrnelterial was
purified using a Bigtage SP em (Column. Si 65i, 9:1. CH2C12:Me0QH), which afforded 9.87 g of a
pale-yellow visco“ﬁén%ﬁvﬁ?(ﬁgf}él; %e%gé?%%ﬁ?i%%%fa%)wrﬁ%% “g‘c’,‘ﬁ“‘cﬁﬁé’”& 2u('fo uﬁl%%%% %quggat room
temperature. Thithenetheriddxonsvaetenvingd (hba@svpiaEhY S GriSwhbl/ SIS! Thlktterial was
I[J;?g Withoutgurt{}ﬁis%y QS@@J&@&%TME&%Q&QA I@'lamgz GR&3MNicde sakidian ober
-(4-cyanophenoxy)butyric aci 0.8,g, 52.6 mmol) jn CH2C12 (100 mL) and DMF (0,21 mL) was
treated with oxalﬁacgﬁﬁ?f'iy St@??‘trﬁ;,%g% rARAGITSE W@génuﬁg?rsﬁ% 'i’(?er%t‘?f)eéseuﬁ.'T elsrggégﬁj(%ﬁ{ solution was
stirred at room tefripe cdtemeomngernighousnelbrinidrfyerepTine ibaterss agidhi®t dfetisithe Whis removed

under reduced pregsiiewi998AIARME B2 (@85 pwasysbRRdiaragh the solution of the acid chloride
[3-(4- cyanophenoxy)butyryl chloride] in anhydrous CH2C12 (150 mL) at 5 degrees Celsius for 15

minutes. The reaction mixtgre was sfitged overnight atsro@m temperature under statig nirogen. 23
E o E Ammonia (gas) IS
= O Cl N
| P CH,CL, / DMF (cat.)
MW =182.20 MW =200.64 MW =181.21
C1oHy FO, C,Hy CIFO C,oH FNO

[0078] A solution of 3-(3-fluorophenyl)butyric acid (8.1 g, 44.46 mmol) in CHxCl,
(100 mL) and DMF (0.7 mL) was treated with oxaly! chloride (5.43 mL, 7.9 mmol) at
0°C under static nitrogen. The reaction solution was stirred at room temperature
overnight under nitrogen. The excess dichloromethane was removed under reduced
pressure. The resulting residue was azeotroped by toluene (70 mL).

[0679] Ammonia (gas) was bubbled through the solution of the acid chloride [3-(3-
fluoro-phenyl)butyryl chloride] in anhydrous THF (100 mL) at 5 degrees Celsius for
15 minutes. The reaction mixture was stirred overnight at room temperature under
static nitrogen.

[0080] The white precipitate (ammonium chloride) was filtered and washed with THF
(200 mL). The filtrate and wash-solution were combined and evaporated under
reduced pressure. The resulting white solid was re-dissolved in ethyl acetate (350
mL). The ethyl acetate layer was washed with H,O, 1.0 M HCI, a saturated solution
of sodium bicarbonate, and brine solution. The ethyl acetate solution was then dried
over magnesium sulfate, filtered, and evaporated under reduced pressure. The
resulting white solid was triturated with a chilled solution of diethyl ether and hexane
(50:50). This afforded 6.8 g of off-white powder of 3-(3-fluorophenyl)butyramide
(84% yield). This material was determined to be 100% pure by GC/MS analysis (a
mixture of R and S enantiomers). "H-NMR spectroscopy gave signals consistent with

the product’s structure and indicated greater than 98% purity.



WO 2009/117515PCT/US2009/037558 100851 The white precipitate (ammonium chloride) was
filtered and washed with CH2C12 (100 mL). The filtrate and wash-solution were combined and
evaporated under reduced pressure. The resultingavhite solid was re-dissolved in ether (250 mL). The
ether layer wAShEKF 120, 1.0 M !ICI, a saturated solution of sodium biBaFHEYAM &R brine
solution. The eth& solytg%ql\‘/‘v rth%pa ,QE% er rgg%lse@jwn sulfate, filtered, and evaporated under
reduced pressure. TIBG& materiaifvas purl iedmLPsmg a Biotage SP4 System (Column Si 40+M 0344-1,
95:5, CH2C12:M8@) CrmpoaierdBaN2 987 §repapofsinaittisoirirEseerdissm RSpRERELYButyramide]

(29% yield). Thigsmaigtiatysasideieryinactie haRdYsqurs ty HEAMBoanalysispNMB spectroscopy
gave signals consistent with the product's. strycture and.i dE ated.greater than 98% puyrity. Example
16. Preparationr}ésé{@onqmer;%u%%‘fg’[( ﬁ,ﬁ%ﬁ?‘éﬁr@’ﬂﬁ%‘*@ﬁ@% %ﬁ?‘&l)%r@l-acnégﬂ%?avr%? é)iﬁ MW
=162.19MW =186:64iW/! 41 §¢21pCrakd 00T canaIading 2. 10088 haasshfisH
(1R.2R)-trans-2-phemyiewsieprapansdscanpoxylic aeill (Zohdts %2:8 femaliia GH2GIgEE0 mL) and
DMF (0.20 mL) Wasge%tfgglwith xalylll%{]p@;geﬁél.S mL, 16f7 mf]'nfol) rat Og under stati(f nitrogen. The
reaction solutiorPWALS{HHEY AEPEERT terhpaatutes Sl R h e LFGR At SHH T e IRRLS
dichloromethanewsisteaimithetd sindoreeud owi-prd sseater OB Apariipnia (gas) was bubbled through
the solution gf e FETT RARIdE KiER2 R 0TS DR QRO P AN &r&pthme A CoaEdg] n
anhydrous CH2G]|2 (100 mL) at 5 )egre@ge,gelsius for 15 minutes.| The reaction mixture was stirred
overnight at room temperature under njtrogen. [0088] The reaction mixture was evaporated under
reduced pressure-and-the-respiting residye-re-d {eiwator mixid

was transferred to a separatory funnel pusing H2 _ ethyl acetate (100 mL). The mixture was
equilibrated and the agueous phase was removed. TH&*8ifanic layer was washed with 1.0 M HCI (10
mL), H20 (7Q mLY, and brine (75 ML), corféequtivEtyrifrrernrgdhic [afetilescaredsietermydrous
magnesium sulfate, filtered, and [the] excess| solvemyivatsraedsoved under reduced pressure.|The
resulting lighf-brown golidowas pusisied | 244W0 2008iilo/bEb Tl S2608/0z3tb8ushgpa Biotage
SP4 System|(Column|Si 40+S 90:10 CH2C12: MR )nadighaafforgded 1.127 g of white powder

[(1R,2R)-trans-2-phenyteyclopropape-t-cgrboxarmigai (nhdryisid FisanaterRtyasgrisreined to be
100% pure by GC/MS analysis 1H-NMR spe :trozﬁgnwb ar\z{e&lgnajls consistent with the product's
structure and.indicated greater than 98% purity A

icenlvad. in
J A

I5e 616,0{ in-an-ethyl-aceiate/watermixture—He mixture
0 d

xamplé fu} Preparation.of Compound.11

R1R,2R)-2-Rlienylcyc oprbpar1ecér900xvliééacidﬁgﬁqﬁ}yéﬁ’%eé{’ﬁ?&liﬁ’fﬁ‘éift]ﬁ‘ifﬁénﬁfiiﬂjgr?ﬁ‘fﬁ@?? none

phenyl]butyramide

10 J 2.3 84 3-(3-chloro-4-methoxy- 3’-chloro-4’-methoxyacetophenone
phenylybutyramide
1t K 3.6 70 3-(3,4- 3’,4’-ethylenedioxyacetophenone
ethylenedioxyphenyl}-
butyramide
12 M 25 91 3-(3,4- 3°,4’-methylenedioxyacetophenone
methylenedioxyphenyl)-
butyramide
13 M 2.7 90 N-methyl-3-(3,4- 3’,4’-methylenedioxyacetophenone

methylenedioxy-

phenylybutyramide

14 N 23 73 N,N-dimethyl-3-(3,4- 3’,4’-methylenedioxyacetophenone

methylene-

dioxyphenyl)butyramide
Table 1




MW =162.19 alai-110Z MW 16084 CioNgC10 MW =274.37 Cm.HrN202 [0089] A solution of
(1R,2R)-trans-2-phenylcyclopropane-1 -carboxylic acid (0.905 g., 5.6 mmol) in CH2C12 (30 mL) and
DMF (0.05 mL) was treated with oxalyl chloride (0.6 mL, 7.23 mmol) at OC under static nitrogen. The
reaction solutlohWRELHired at room temperature overnight under nitrogerf CEHE E883E558

dichloromethane was removed under reduced pressur 0] The solutjon of the acid chloride
[(1R,2R)-trans-2-Eﬁ*é‘ﬂ%‘&)’/élo%?%‘fﬂﬁg‘?i-ogg%%ﬁ%ﬁér%g% v ?Q’ig) ‘f??’lff'\ri/'asse?added drop-wise in
to a solution of H-Le QL-leucine amidg, (S)-2-amina=4smethyl-n-valeramj WS.S mmol)
and triethylamineé{(]/l/u@fll.l rnmol) in CH2C12 (60 ML) at Zero degreesﬁ}@(& hedeaction
mixture was stirred at room temperature under nitrogen overnight 10091% The reaction mixture was
evaporated under r&vggggeg pressure ang,fhe resulting residue was re-dissolvegin.an.ethyl

acetate/water mixturesNche mixture was transferred to a separatory funnel using#28 (50 mL) and ethyl
acetate (80 mL). The mixture was equilibrated and the aqueous phase was removed. The organic

ayer was washefh 3 OMdSIG(E Tl 3420 BRI AA B (20 snpesyivel. The

organic layer wa ver anhydrous ma?lgﬁesmm sulfate, filtered, and the excess solvent was

removed under rédlLEEd pfdssioPmeeas AL g drOWhraBHF v A RBARRS A8 & Biotage SP4
System (ColumngSb4Qed) 9Qs1d6HR hd 2:Madid sondishoagiorsiacuts 3Ghegat idniteapawsler R1R,2R)-2-
phenyleyclopropanecarboxylic acid-0)-1-carbamoy.l-3- Ibutyp-ami %. VI This material
was determined fo()(%%gltg)dgo%l}%n ef;a 87M?%ﬁ%¥§?g.smggm§§ tép%ﬂv}\%geed {g%.&&ﬂ%
2(109/117515PCfinmeb 20ingovany 528 spdotrast oisfyhidheig R ddnsistErft Wit tise B#dduct's

structure and indigatgslgeeater thaamBisypuvits. exeveple Tid. Kepay atien whCemigeuny U [241-(4-
HCI solution (pH~2) and extracted with ethyl acetate (300 mL). The ethyl acetate

layer was dried over magnesium sulfate, filtered, and concentrated under reduced
pressure to afford 10.78 g of crude product. This crude material was purified using a
Biotage SP4 System (Column Si 65i, 9:1 CH,Cl,:MeOH), which afforded 9.87 g of a
pale-yellow viscous oil [3-(4-cyanophenoxy)butyric acid], which solidified upon
standing at room temperature. This material was determined to be 96% pure by
GC/MS analysis. This material was used without further purification.

N\\\(\ s O s o N\Q o

t\%ouo Oxalyl chioride \Ooj\/ﬂ\m Ammonia (gas) [ P OUN

MW =205 .22 MW =223.66 MW =204.23
CiHyNO, C13HyoCING, CyHiN,Cy

[0083] A crude solution of [3-(4-cyanophenoxy)butyric acid] (10.8 g, 52.6 mmol) in
CH,CI; (100 mL) and DMF (0.21 mL) was treated with oxalyl chloride (6 mL, 68.4
mmol) at 0 °C under static nitrogen. The reaction solution was stirred at room
temperature overnight under nitrogen. The excess dichloromethane was removed
under reduced pressure.

[0084] Ammonia (gas) was bubbled through the solution of the acid chloride [3-(4-
cyanophenoxy)butyryl chloride] in anhydrous CH>Clp (150 mL) at 5 degrees Celsius
for 15 minutes. The reaction mixture was stirred overnight at room temperature under

static nitrogen.



Methoxyphenyl)cyclopropylp acetamide]. [0092] A stirred suspension of lithium aluminum hydride
(0.211 ma!) in anhydrous ether (200 mL) is treated with
1-(4-methoxypheny1)-1-cyclopropanecarboxylic acizB(0.1406 moi) in 100 mL of ether at 0C. The
reaction mixtthe e Yfirred at room temperature under nitrogen overni§RT/FHROGEEEISH mixture is
guenched by the Wise it] {100 deiopized HZO, ixture is filtered and the cake
solid is washed V\llugt??g'gh |"§%Ci‘?ér}’@‘§t§rt%éﬁt¥?’a8t’§e‘ rﬁixctlg?ef E?hvérse}ri‘\?c‘i%ﬁrgt%’%{is %gﬁgsf‘gﬁ%d into a
scparatory funnet:Hd digariliay éhisiaparatd FdmaMEcaghiEs romRBsdarre aaEdadith brine
solution. The ethesdayedisedpedsanerageasiygwhidiadid filke redisneaanearirastmmder reduced
pressure at roomtemperature, This affords J144- -phenyl)-cyclopropyl]-methanol. [0093] A
neat solution of%&-%%{hﬁgxf Wgﬁﬁﬁ?cyéﬁép%%ylimgﬁ%é’(6.6%(3%65).%%%%‘%&1%%“&1osphorous
tribromide (O.O81b’f?ﬂ’5‘)°ﬂ%f§p3ﬂ/£@‘§f erltinad ethstatheitistien Wen e deisd P solosacitieated to 130 C
and the temperatuigis MRivtaRRG RSB RAUlSIcF RRITEAGHRIRIX IUFRIISneASROVAR WK iGeOOM
temperature and the orange pregipitate is filtered off. range precipitate, i shed with 200 mL of
diethyl ether. The gtgqgﬁggr%%%g’dﬁ %t@%ﬁ%}srg%aéﬁa%%];gﬁg%‘r?e[} L?S%Q g@b@lﬁ?ﬁ}%ﬁa@ dnd 200 mL of

diethyl ether. Theffadedra 987egoflirafétvhirdsohed Boevanohrapis)extremédt lo@d8%moeédlime with 200
mL of diethyl ethegisT hagthewextResad ethes-wash ke eontingd apswashed willisaturated

sodium bicarbonate solution and.briqe. Th.etn tthe.t tlt}‘er extragts are dried qver mg%nesium sulfate and
the excess dieth)sﬁ) SR R 8RB VR e P S pFéJggu‘%‘ét gtsgb@rel'ﬁ'?g' 5! preater
1-(1-bromomethsheyd¥pmpirt)-4-methoxybenzene. The crude material is converted into the
cortesponding MisleOeH! oL AU UERRmubl RALIBMMLARTRAMNCRRR R X IUOCIINO
10094] A crude solution of 1-(1-bromomethyl-cyclopropyl)-4-methoxybenzene (60.3 mmol) in dimethyl
sulfoxide (60 mU} 2 TR9XA4K]th sodium cyanide (180.7 mmol). The reaction mixture is heated to 95
degrees Celsius night ginder nitrogen. Th ction gnixture is transferred sepagatory funnel
using brine (150 %ﬂdhloraﬁﬂﬂéﬁﬁfmﬁ%g&on mﬁfﬂfﬁ?&i@milit@{ggﬁhe agqueous
layer is removed. The LeoUs layeftig'extracted an dditional twées with chlordform "(2 x 300 mL).
The combined organic extract is dried over anhydrous MgSO4, filtered, and concentrated under
reduced pressure to%\ffdf?d: f144- methoxyphenyp%ﬁé’ pyl]acctonitrile. This cr%}%{erial is used in
the next step (hydrolysis of the nitrite to the corresponding amide) without further purification.
[Alternatively, th esponding ar%c&ylic acid can be obtained from this material by acid hydrolysis
(e.g., using sulf @%iié)]sﬁfg'b‘@%] hich 3(1‘?’6‘14’36?1‘%‘-‘3(%%@{%?%??(5:H%‘é?;%?’éﬁroaﬁgﬂ]é?:éto%itri|e (60.4
mmol) in DMSO 178 miigljsrcdi€d (§ithniH ORI (B0% (A0 (8 B4 antrelydndhpotassibiorcirbonate (121
mmol) at zero degeegs GEkiHRHAE FRAGHRR MIKUIRISRITFRAAIIRAT IR RAUIR AR the weekend.

The reaction mixture is transferred into a separatory funnel using water (100 mL) and CH2C12 (200

mL). The mixturERTeTMASTAEE ANERBICIRIE 1DURERT is 18 SreTs High YhmyEsis extracted two
additional times naithv&HDA42 r¢2uccd@desstsy. The combined CH2C12 extracts are washed 5 consecutive

times with water s PR (Alayed vl (RO avashiglise guetaihinus MaSOs,

filtered, and concentrated under reduced pressure, which affords 2-[1-(4-methoxypheny1)-cyc
IopropyI]-aceranﬂﬁJJI@.zﬁ&ﬁﬁﬁ’ﬁ%ﬁ@?ﬁ%ﬂﬁ?&f%‘ﬁe@’f'@é‘?ﬁbﬂﬁﬁ@"%ﬁﬂ%%&@h‘l’é‘?%ﬁ@ﬁ%{;ﬁ- !methylbutyr
-amidej. MW = 214 .85\i¥¥rec2 0OLGUMMNW 15 2hdife6. Q1O tedchohGridnbd tilBkastirred overnight

at room temperature under nitrogen.

[0088] The reaction mixture was evaporated under reduced pressure and the resulting
residue re-dissolved in an ethyl acetate/water mixture. The mixture was transferred to
a separatory funnel using H,O (60 mL) and ethyl acetate (100 mL). The mixture was
equilibrated and the aqueous phase was removed. The organic layer was washed with
1.0 M HCI (10 mL), H,O (70 mL), and brine (75 mL), consecutively. The organic
layer was dried over anhydrous magnesium sulfate, filtered, and [the] excess solvent

was removed under reduced pressure. The resulting light-brown solid was purified



27 WO 2009/117515PCT/US2009/037558 [0096] A stirred suspension of lithium aluminum hydride
(0.211 mot) in anhydrous ether (200 mL) is treated with 2-(4-chlorophenoxy)-2-methylpropanic acid
(0.1406 mol)}{]n 100 mL of ether at 0 C. The reacti@a mixture is stirred at room temperature under
nitrogen ove ?g?ﬂ(.’g‘ilﬁ@}%action mixture is quenched by the drop-wise adtfithohsate8 e of deionized
1-170. The mixtyee i lteied epedcalee,alitdpayastadish dietiubesiiLilaThg fivate mixture
(ether and wateB iSfanstarred into a separatory funnel. The ofganic layér is separated from the

aqueous layer ahd3&sHiedhitatepeerd dRaRorarneReiqslep et GRPARIGHL It sulfate,
filtered, and conggyatess wiae Ity aedRiiass w el (DR Pute BPEGbseant issaffamsaR (4-
chlorophenoxy)-2-methylpropan-Il-ol, [0097] A neat solution of 2- 4-eh|or‘§) gpn -e%-g;ethylpropan- I
-ol (0.074 mol) igP f"rcetg:fsec)é‘g) i vﬁﬁlggﬁlﬁg?gﬁ’s ?%b‘?gﬁﬁgep (8%%1%%3% r%%qw%ecgt g% uthder static
nitrogen. The rethetidd’seiriien is heated to 130C and the temperature is maintained for 6 hours. The

reaction mixtureggGRnlery dOMpPata o0 T tMpeEaliE[ AR IDE20PARRecPERGIRIEAR IS filtered off. The
orange precipitate s W?_she_d W(g,g 1;OO mL ofl glethéq tthTh%%:trate is transferred into a separatory
funnel using 156 HROBYIEAEF-SRY LEH RAP SR S URE S VAR E iixture is equilibrated and the aqueous
layer is extracted one more time with 200 mL of diethyl ether.\@e ether extracts and ether-wash are
combined and wm:%v' h satg;g;ggoégdiu@%bmate solufioh and .@- Th%lt ther extract is
dried over magn ulfate arrcgggg—exce rethyhetherisgegnoved unde ‘V’ ©ssure at 30
C. This affords 1-(2-brdmo-1,1- dimethylethoxy)-4-chlorobenzene. The crude N
1-(2-bromo-1,1-dimethydethoxy)-4- chlorobenzemedsconverted into the correl¥fgiidihg nitrile without
further purification. Cr"8rNaCN/ DMSO MIN = 965 56Mw - 209.6SMwW 227.69% - *
C,,HuBrCiOC1114"(10101 [0098] A crude solution of 1-(2-bromo-1.1-dimethylethoxy)-4-chlorobenzene
(60.3 mmol) in dAP8thyI seiERTIel B R Te s SapbenyIRYr SBERRRACCYSPIREB @M IS The reaction
mixture is heategl,t3.8egreascbetsiug ovarnigit WMEr(0i0D ). Whe treaedioritmbsaird is transferred
into a separatory, fiinnel ysi rine,(150 mL chloroform. mLy), T Qp: mixture is
equilibrated andx {ﬁ%lg%&%%ggq dy%?%sr?ré’r%igegﬁ ﬁ%gearq%ge%ﬁ%% g?'is%ﬁt%%%%%?&%@é@tional two times
with chloroform Y2s 28tipad 26099017 SEBPTAVIS PYT/QE73deKk TR, ThENEorRIHFSd organic
extracts are drief-avpsmahyd AusMeosddniibatad.andeaneentrated under reduced pressure to afford

3-(4-chlorophen -3- methylbutyronitrile.. This crud ial is used in.the next step (hydrolysis of
the nitrile into th @&ﬂ?&%osﬁt]a}?ﬁana%? ee) Wi oﬁ%r%i@%ﬁ?g on [&]fg?/rl%tﬁloéﬁrﬁpﬂ% ciz)orresponding
carboxylic acid carpde!chieiideHitroH:@his3thaler i sadded diapdrisy sidqa gplutietrry Bolifeitic acid).) [0099]
A solution of 3-(&ighiprREARO Y3 tiap iy anitsils: (G0Aminrg Yinct M SQ@ fiBomkpds treated with
F1202 (50% w/w) (434 mmo)) and potassium.carponate (121 mmol) at zero rees.Celsius. The
reaction mixturetrifggﬁwa&’%ﬂt}%rﬁ’t Bk rg’zé\gér ﬁé% \(}(véne énd® h% léegsc%igumbix%% is transferred
into a separatorsefativrehinging weatsir¢iRO ron) amge@RRCde200oash O VErEghtixture is equilibrated and

the CH2CI2 laygj s iemeverdaThe REreaus Jaysris Sxitariesubup Addiional timrsuivity CH2CI2 (2 X
300 mL). The combpined CH2CI2 extracts are \‘\ﬁshed Sf{consecutive ti with water (5 x 200 mL)

followed by a b0 LT WAH Eridy BV RNHRTGHIEE ¥ S Fitered® ARG ¥h&Rtrated under
reduced pressutensitned affosesiBt¢y- GinlocbpiendQ -3 mbjlepibettyrcaveiate(8E xdmpleh@0. Preparation

of Compound A&lﬁ@%@é&%@“ﬁ%&@ g?ﬁtﬁbé' Q&%@nghgé%m%ed. The organic layer was
washed with 1.0 M HCI (20 mL), H,O (90 mL), and brine (120 mL), consecutively.
The organic layer was dried over anhydrous magnesium sulfate, filtered, and the
excess solvent was removed under reduced pressure. The resulting orange-brown
solid was purified using a Biotage SP4 System (Column Si 40+M 90:10,
CH,Cly:MeOH), which afforded 0.365 g of white powder [(1R2R)-2-
phenylcyclopropanecarboxylic  acid-((S)-1-carbamoyl-3-methylbutyl)-amide] (24%
yield). This material was determined to be 100% pure by GC/MS analysis. 'H-NMR



0 Rh (acac)(0-1,-CH2)2i (5)-13118AP K,Caa chaxame,-14,0, icoF MW =85 11MW=189 93MW

=231 22 C,H,NOC71443E302C"Fh,F,NO [00100]Acetylacetonatobis(ethylene)rhodium(l) (0.3 mmaol),
(S)-(-)-2,2t- B is(d iphenyl-phosphino)-1,1'-binaphttidlen e (0.045 mmol), 4-
(trifluoromethYSoHEMY B} Dnic acid (2 mmol), K2CO3 (0.5 mmol), and but-D<aA6ie"a¥d Aifide (1 mmol)

are added into a 25-mL round-bott f ini IC-SUHEh inlet, and
etox condenser e TAGk B Tl W o D Ehericd i Do (oL and

dg-ionized H20 (b3 A4 PYH-reaction mixture is stirred for 16 hours at 100C. The (R)-3-(4-
trifluoromethylphepybbrtys. remisie-dGavsracsachovitia etipd restate, washed with brine, and dried over

anhydrous magnesium sylfate. Chromatqgraphy over silica gel gives the desired product. 29 WO
2009/117515PC%§§&58‘/8§%§§0 &?%%]gcg?)%rg yaration of Compound AA [344

Trifluorometh )-gentanamide]. [001614Ta chilled (0 C§ solution of i
bis(trimethylsilyl) 9 M,.Shuﬂj‘fwas drop d a-solutidn-of rimeth honoacetate,

keeping the temperature below 10 oC. The solution was then allo&d to warm to room temperature
and stirred for ansaddisienal five minutes, after whichiasolution of 4% (trifluoromethgd)propiophenone

in THF (25 mL) was*dded in one portion. The sofulidh was slowly heated to 50 &'fot eight hours. The

solution was cooled to room temperature, then diluted with a 10% NH4C1 solution (100 mL), and
extracted with etfugoaratairréd xiRasioh of Thiewngamddayeigdndsdcohhbinddmachpitiedsover MgSO4,

e e el DER T (Aledlr S 1 S W WRp spaRiRIBlized o eaane ety

acetate to give 5.4Z2'grams 0 é-( -triffuoromethylphenyl)pent-2- enoic acid m_etréyl ester intermediate

(85% yield). (0.1406 mol) in 100 mL of ether at 0°C. The reaction mixture is then stirred at room
temperature under nitrogen overnight. The reaction mixture is quenched by the drop-
wise addition of 100 mL of deionized H,O. The mixture is filtered and the cake solid
is washed with diethyl ether (1 L). The filtrate mixture (ether and water) is transferred
into a separatory funnel. The organic layer is separated from the aqueous layer and
washed with brine solution. The ether layer is dried over magnesium sulfate, filtered,
and concentrated under reduced pressure at room temperature. This affords [1-(4-
methoxy-phenyl)-cyclopropyl]-methanol.
[0093] A neat solution of [1-(4-methoxyphenyl)cyclopropyllmethanol (0.074 mol) is
treated with phosphorous tribromide (0.081 mol) drop-wise at 0 °C under static
nitrogen. The reaction solution is heated to 130 °C and the temperature is maintained
for 6 hours. The reaction mixture is cooled down to room temperature and the orange
precipitate is filtered off. The orange precipitate is washed with 200 mL of diethyl
ether. The filtrate is transferred into a separatory funnel using 150 mL of water and
200 mL of diethyl ether. The mixture is equilibrated and the aqueous layer is
extracted one more time with 200 mL of diethyl ether. The ether extracts and ether-
wash are combined and washed with saturated sodium bicarbonate solution and brine.
Then the ether extracts are dried over magnesium sulfate and the excess diethyl ether
is removed under reduced pressure at 30°C. This affords 1-(1-bromomethyl-
cyclopropyl)-4-methoxybenzene. ~ The crude material is converted into the

corresponding nitrile without further purification.



[00102]To a solution of 3-(4-trifluoromethylphenyl)pent-2-enoic acid methyl ester in THF/Me01-1 was
added a solution of sodium hydroxide in H20 (15 mL). The resulting solution was stirred at room
temperature B%g()é}?%s,;and acetic acid (3 grams#as added. The solution was then concentrated to
an oil. The oil'was Gissolved in ethyl acetate (100 mL) and washed with 11)56/&%?(1%@%{8). The ethyl
acetate extracts wege combined and dried over,MgSO4, filtered, and concengrated to a semi-solid
which was then dissalved in MeOH#d:BM2:1, 50 and shakep,witty 26% Pd nder {0 psi of
hydrogen pressure for 24Zholirs. TLC showéd that théredution was incomplete. Adfitifnal 10% Pd/C
was added (500 mg) and the suspension was shaken.for an additional 24 hours, The suspension was
then filtered and the fiitrate>concentrated to a semregahd (4.97 g). The solid was gigssolved in CH2CI2
(30 mL) and the resulting solution cooled to 0 C. To this solution was added oxalyl chloride followed by

one crop of DMFI & SN IsRASAbIS Pt e Solulgnisa stlied for . hotip and then

concentrated to a solid which was dissolved in additional CH 2 (30 mL)."The solution was again
concentrated to &eHi B SiRetn WHPsgp P 1) Stk g eroMm syaEe (HitH wavbissolved in
additional CH2C TA¢ béh¢ridy) ,mainthiths hesttting9sodugiensattdet drepigbeviala ahideeh(51G and

mechanically stirpegl solufigh of NHARE (L9 L) Qe‘ﬁ%'éﬁﬁﬁn?rﬁfﬂﬁ'é?@%gi\é%mi LB‘&%IT gmpispension was

then concentrated to a gummg/a ueous mixture which was extracted with ethyl acetate (2 x 100 mL).
The ethyl acetate8REP5RE (98 Bifercting aHEYTe IR FMMEBEEd AR BE 24pRPERATIRTte concentrated

to a crude ambersadickaviTichayRsuadsericekaninslicalgitibialg) usiaowihlKickefdhif2 khe solid was
then chromatographed on silica gel (Et0Adhexane) tq give 2.25 grams.qf off-white solid, (37% yield).
This material wad Ber e B Bl ORGSR S g e
product's structufersattraitic-atetngreater oP Ay parpuExampie 22. PiephratioH dfCompound AW
P-(4-Isopropylphgeyaisieamiseloptye Re6hitNirOlrhis Miemdit8a3% Gs¢d2ING: 189%3]To a chilled (0

C) solution oi ”tth)errgli?s'tsrio etmy!lslyr}/ig) Etalomtil'lceler:,(()]r'r'o:g)sp'\(élﬁding amide) without further purification.
[Alternatively, the corresponding carboxylic acid can be obtained from this material
by acid hydrolysis (e.g., using sulfuric acid).]

[0095] A solution of [1-(4-methoxyphenyl)cyclopropyljacetonitrile (60.4 mmol) in
DMSO (75 mlL) is treated with H,O, (50% w/w) (434 mmol) and potassium carbonate
(121 mmol) at zero degrees Celsius. The reaction mixture is stirred at room
temnperature over the weekend. The reaction mixture is transferred into a separatory
funnel using water (100 mL) and CH,Cl; (200 mL). The mixture is equilibrated and
the CHxCl, layer is removed. The aqueous layer is extracted two additional times
with CH2Cl; (2 x 300 mL). The combined CH,Cl, extracts are washed 5 consecutive
times with water (5 x 200 mL) followed by a brine (500 mL) wash, dried over
anhydrous MgSQ,, filtered, and concentrated under reduced pressure, which affords
2-[1-(4-methoxyphenyl)-cyclopropyl}-acetamide.

Example 19. Preparation of Compound V [3-(4-Chlorophenoxy)-3-methylbutyr

-amide].
Cl\@\ Cl Br\P.Br Ci
LiAIH/ Ether \Q M Br \Q N
o ¢ o
O><ﬂ/ . o — o Br
o 130°C
MW = 214.65 MW = 200.67 MW = 263.56

CyoH,,CIO; CyoH;;CI0, C,oH,BrCIO



56 mL) was dropwise added a solution of trimethylphosphonoacetate, keeping the temperature below
10 C. The solution was then allowed to warm to room temperature and stirred for an additional five
minutes after which a solution of pisobutylacetophenone in TIM (25 ml.,) was added in one portion.
The solution WY& Heated to 65 C and allowed to reflux for thirty houb§ TR YRASHPwas cooled

%9%{9 H,,glgyg éé%t@g&gvith ethyl

to room temper en dilyted with a 10% NRAC1 solution,

acetate (2 x 10(6)3[Er}n6r§]t %1%%%5%?8 Iésy}%r}s?\gvlggpéucmo?n Tr?% anygj 'E'ine over MgSO4, filtered, and filtrate
concentrated to ehehROS o) vihissaiashy W chydtelirepbreniy ié tasibrénrapratetaid g 5.93 grams of
3-(4- isobutylphesy) buted-enoi¢ asid metay| eriecdniermediate SoUmyiolh).4apPR4IE0 a solution of
3-(4-isobutylphenyl)but-2-enoic aci thyl ester in THE/MeO s added a solution of sodium
AT T T R R e R e U e

acetic acid (3 grafmdpws ddttéenizeadls9lufibn wasuhénfdisreepitiaedoabasr bl isTHashidwas dissolved

in ethyl acetate (480 d1k) podsyvashed widhrikrdie OntRnrd QB lahdThgeIhy kasatalel extsacts were
combined and dried over% S04, filtered fmnd concen r%tierd to.a solid (4.98 rggn\glhicl% as then
Y 1‘5 h was

dissolved in Meﬁi‘?irfﬁ—ri% e aénﬁ% ShakeN Taghce rom the aqueous laye O

2009/117515PCiithSeine 3@ rB68Thoghedageu irddndoopet sregiivgenfieslieectornd hours. TLC

showed that the JsRetieR-wamisyamlete pidditional 0% Refferivas addrd (HaAsna)@nd the
suspension Wasﬁsml‘;)a%(é]n for)véx ad%i\tif)nal 24 h?urs. The suspension was then filtered and the filtrate
concentrated to 4 SOTRI'{A°F %)’.mf SIRRAN/a% dissolved in CH2C12 (30 mL) and the resulting solution
cooled to 0 C. TH#H sdohstibrolvsisnacii2diectddyomivimricle Fatliohdprinpohelddp7df N} ifrom a 9-inch

disposable pipet}eat;fmvﬁs?'gns MRS SUHGSH. IR AN drihenicorcanicalgridp gi.selid which was
dissolved in additional C112C12 (30 mL). The solution was ﬁtﬁ?am concentrated to a_semi-solid which

was dissolved il &8fonHICHSEIFEIN ) heates #e 18 MG RSORMBHALHE SMHYBBIRE to a chilled (5
C) and mechanitallymsiirse dlsotedivionahNidO ¢ Bdrbivo ve rappronperatebyafidehenonntgs. The

suspension was, fhenconceRtEad o aroliffagusousmiiie.whichwaseiiastesuin ethyl acetate

(2 x 100 mL). The ethyl acetate extracts were combined and dried over MgSO4, filtered, and the

filtrate concentr&tRe-totAecitiEnte o FMARTER IR 2atrearer SHiersedel @6 §f veaifieet2c14/ THF.
The solid was thxo chrosfaderapéet.ornTdicaixele k¢ 04oilibeaad ehio thiveqhebugriayes of off-white solid

(40% vield). Thig aleahWAS SISITRIphe LORGRNIGEY LS NME dgvaigianals consisten

with the product’s structure and indicated greater than 98% purity. Example 23. Preparation of
Compound AE T3aR stratiasd pririadisonidsastardmtien bitathorats selitionang prine.
C13H122CisHief@& gkl 4AR@x:2604 05dd over atuttedi (@Gt tindthd dtbéssmiieib(irehethylsilyflamide

(1.0 M, 50 mL) was dr pwige ad%ed solution o@try@ett}ylph@}?ghgﬁg%getﬁ ,_g§ rgg_i the temperature
below 10 C. Ther“&)%%%nu\r}vaeé t eeﬁmgﬁloﬁréecsf o warm to room temperature a? stglrrei for an additional

ten minutes afte¥imeisictesnitohierbegaty|-clhse e naphtrumenk ifmeteyiohandvas added in
one portion. Thegelubigrenas shavditeneatetideoblspoiaiioniitae R iuurtie selatanivas cooled to
room tempergture then diluted with a 10% NH4C1 solution (100 mL), angd, ex.racted with ethyl acetate

(2x100 mL). The ¢ rg/@/igrlaye{qscw@ﬁg; comba dded guet,MgaO4, @‘- ng filtrate
concentrated to & wRite Solid-whichrwasTecrystallized from exanerfetiyl acetaté togive 5.88 grams of

3-(6-methoxynaphthalen-2-yl)but-2- enoic acid methyl ester intermediate (92%)/5}99). [001061To a

solution of 3-(6-mgthgR¥haphthalen-2-yl)but-2€ndikcacid methyl C b, CINO,

[0098] A crude solution of 1-(2-bromo-1,1-dimethylethoxy)-4-chlorobenzene (60.3
mmol) in dimethyl sulfoxide (60 mL) is treated with sodium cyanide (180.7mmol).
The reaction mixture is heated to 95 degrees Celsius overnight under nitrogen. The
reaction mixture is transferred into a separatory funnel using brine (150 mL) and
chloroform (300 mL). The reaction mixture is equilibrated and the aqueous layer is

removed. The aqueous layer is extracted an additional two times with chloroform (2



ester in THF/Me01-1 was added a solution of sodium hydroxide in H20 (15 mL), The resulting solution
was stirred at room temperature for 12 hours and acetic acid (3 grams) was added. The solution was
then concentrated to a solid residue. The solid was2gissolved in ethyl acetate %%523 ml_g and washed
with 1120 (3 Y?@BO%]LI)F”.’JI‘%e ethyl acetate extracts were combined and drfed’6 R%j O% filtered, and
concentrated to a glid which was then dissolved in MeOH/ ’ d n with 10%
Pd/C under 50 p’s‘i§c§ ﬁ“yigsrog%en°8‘r"‘eb§%??r8‘ gplgﬁ?rgﬁrssérfrf&%ﬁﬁ%ﬁﬁ‘ﬁ%@‘{ﬁt@ﬁ&%ﬁ%}s incomplete.
Additional 10% PefC eraseatieied (3BBMadteRS theressperiof s Sridrdierephsncstitional 24 hours,

The suspension yasyiberdlgres antktheditraieconsasdioie thimexserp-golitofdsB700 hd he solid was
dissolved in CH2C1.2 (30 mL) and the resulting solution. cooled ta 0. C. To this solutionwas added
oxalyl chloride foff I{;\?%dl %’ymgncé) e 6”&%@%%%%@%&%@ e(ﬁiglé%?éca%’l%?‘pig%ggy g‘l’%é solution was stirred
for six hours andetivesspeatioe rhratedlio aidoha deibrrinesissHivetipriabBitisraheday &2 (30 mL).
The solution Was(@gg{@ig?gggm(g@g@gjo a semi-solid which was dissolved in additional CH2CI2 (50

mL), and the resulting solution add c%?? opwise, to a chilled (5 C) and ec{[@ ically stirred solution of
NFLOH (10 mL) B’\?@ﬁ p 8L'3ﬁ‘85té)l§ i é’éﬁ PRIRL Ié%’f%'éémseﬁgﬁ‘%néﬁ%lﬁtwgs _g"ln %:né)r{% ntrated to a
gummy/aqueousDvs @sverlic s weatce xtiticte @0V ety &bt armqh snd potaptiyUsEb AL acetate

extracts were cogﬂ@{n%@gdagri@g rMoedudiltersd. anddhenfiltrate goraestrateddm a crude solid
which was adsorbed onto silica gel (50 g). using CH2C12/THF, The%glid was then chromatographed

on silica gel (EtOKEESFSS it &SP s S RAMRE S dEaTFSIS TR ial was
determined to befilMePbsingredgt (DMI.)HaN KIRGav208ighalsTdensistentisvtvilifeamddudt's structure

and indicated gﬁ?@é&‘dﬁl‘@lﬂ 1%%%@%}1%%& The aqueous layer is exBa¥{d two additional times
2009/117515PCT/US2000/ P

/ 37558 Example 24.Preparation of Compound AX [3-(2-Fluoro-biphenyl-4-
yObutyramide]. 081 §26é% M &d-10 §8mlﬁ‘8ﬁ‘%?§2%§2-ﬁﬁ%%§lﬁfh”§?ﬁbﬁél-5)/?%\5881'8%?0 acid in THE
was added isobuipeshidtpfeamais follawedl bhyfdiopedidy adbien(EF0TER). VMg asighimyavhite slurry was
allowed to stir for 1 hour en-di ith T ' ' as washed
with additional Tla-@y (%gufn gﬁarg%l%h?gdgex v%lggﬁr%gn@g%é%g% %Eé%?%%gfj@f%ﬂng a rotary
evaporator. The ddfrebloeptisamztanihy bHeF@tidfed at -20 C and a solution of Nal1H4 in H20 (20 mL)
was dropwise adgaanpVern Pe¢iRdtbn > Uiow Rand 6T aRHAAY-Trishenaintthyiphatibed for 2 hours at 0
C, diluted with Wg;[%; l(azllcl)(()i L), and extracted with ethyl acetate (2 x 100 mL). The ethyl acetate layers

were combined and washed with 1.0 N HC1 solution (200 mL) followed by a 5% bicarbgnate solution

wash (100 mL). Theeethyl acetate solutiogw was then concentrated to an oily residue of i
2-(2-fluoro-bipheny¥~4-yppropanol (447 ¢ QSﬂféﬂﬁwmned of
2-(2-fluoro-biphe I-4-y1)propar§ IN"CH202 was&ddesmigthaitesSulfonyl cpigride followed by
dropwise addition of TEA. The resulting white slurry was allowed to stir for 1 hour and then diluted with
H20 (200 mL). Thevsespension was exracted with C112C12 (2 x 100 mL). Thev@H2C242 layers were

combined and withfi&ter (2 x 100 M#¥9nd a 5% NH4OH solution (100 mL). THe'EHZC12 layer was
then washed with additional H20 (200 mL) and dried over MgSO4. The CH2C12 layer was

concentrated to lly residue which was dissolyed.in anhydro ME mlo. This solution was

treated with Nac,jllé;h g‘éf?} stirred &t 60%0 §F°fif§%%§a’¥%‘?e¥ﬁ‘é%‘ff@né@§e3‘ rér?é)’m jO_I£ I(Z?é23 olar eluting

product (relative Bistdiphsiatehosptinevbiabinnbibdess polar el@fiAg produdifdlative to froth the major

and mesylate pr?@#ﬁ@o%@ﬁf@ﬁ}ﬁfx@m&@ﬁ&%&e@ IRKRPIMKIZIOR €0 Ukith 8Ny Jadil e witbid - 120 (100 mL).
[

The solution was extracted with ethyl acetate.(2 x 100 mL), dried over 04, and. concentrated to an
oily residue whicff Wﬁ“&%réh%&&aﬁﬁe@%é ‘ﬁf’ \R/é)i’z‘ar%g)ﬂ“f‘ﬁbféjﬁf&tf@% 0%53?6@%%5% silica gel
(90% Hex, 10% Et@Ad)ctetigiareh 3 (2 stinfon ibighadd-iemdensarild s askol fashed gidwly solidified on

standing at rQO”‘aFEEHQﬁ@M?c(%_rQ& %x@%ﬁ-ﬁ'ﬁ%&@%@?%ﬁ%@cﬁ-ﬁﬂﬁg@@{% (0.5 mL). The
3-(2-fluoro-biphenyl-4-yfibutyronitrile in tert-butyl alcohol was addegﬂl.87 g?%%ngéy éa‘gltv%/dered
t for'2.

: ! Yy
potassium hydroSOFhdE&Efing sbphsic wad sifted afid Hehkd to ours and
cooled to room tedfiperatiatieyfHreyliacsiomidasp extsicadwetdifoy beevith, IasHGh dolution (100 mL)
and extracted wiff) eipylacelals &&@%gﬂé&uﬂ;%l%@}"@%@%ﬁ%;@@%%éﬂ%ﬁ%&g@@l@@@ and washed
with 5% bicarbonate solution (100 mL) and then with H20 (100 mL). The organics were then dried over
WigSlak and corfbeAtritdPie4vhite solid which was re-crystallized several times with EtOAc/Hex to
give white flaky prisms (1.62 g, 75% yield).



Example 25. Preparation of Compound All [3-(4-Morpholin-4-yl-pheny1)- butyramide]. 0000 | KOtBu (1
OM) MW 205.26MW = 261.32MW = 246.33 C12141sN0O2C.15)11,,NOsC"H,0N202 [001101To a
chilled (0 DC) solution of potassium tert-butoxide (29 M, 37.1 mL) was dropwise added a solution of
trimethylpho H&H%Ué?d?e keeping the temperature below 25 C. The solBfidfl' W4 #EAEIlowed to
warm to room te urg.an stlrred for ap dltlona fi fter tion of 4-
morpholinoaceto é%ﬁe i T%l'—:ee? arr'ﬂf') was aﬁ‘gea é d%eng llfc?lfslﬁT 25\%‘%50@ g’Igbzlrsﬂslowly heated to
60 C for 36 hourpemtaragutiefion was cooled to room temperature, then diluted with a 1.0N HCI solution
(100 mL). and extracted with ethyl acetate (2 x 100 ral.). Jhe organlc Iayers were CoOm blngd and dried
over MgSO4, filtered, and th flltratce)L concentrated.fo a '

hexane/ethyl aceFtat i ‘ phollnophe%)cput 2-enoig_adidy ethyl ester
intermediate (69 9% yield). [00111]To a solutign of 3 (4-morpholi ophehffl)bu‘f- -enoic acid methyl
ester in THF/MeOl4 (1:1) was added a solution of sodium hydroxide in H20 (15 mlﬁ) The resulting
solution was stiret}{g} #dm temperature for 15 H8UFEEAY acetic acid (3 grams) wa sadded. The pH of
the solution was measured at 6.5. The solution was 35 WO 2089/1 1 751 5PCT/IT82009/037558 then
concentrated to an oil. The oil was dissolved in ethy cetate (; Sy??@g“é? ?[JP? wasép ?I qéNéw H20 (3 x 100
mL). The ethyl altHIH extradi® Hrbiled ShisihsvLAy IE%I“B@@P ISLRB SR dncentrated to
an amorphous sélidnihishsvdaspthien adiksiol esutioM e 0 F imEGhy iphdspinthatratatn keithin0%ePd/C under 50
psi of hydrogen pressue for.§ QoyEs oFLC-showsdithatilie deaACipmMRILURRAets: g suspension

was then filtered and the filtrate concentrated_ to a semi-solid (2.77 g). The semi-solid was dissolved in
CH2CI2 (30 mL)@ﬁﬁ%@fﬁeﬁ%‘lﬁﬂg@oﬁﬂnﬁh38861%%11&@%?@"%%.%ﬁsﬁbl‘ﬁﬁ’éh fvsWgBEd Gxalyl chloride
followed by one drafuabidvyifpespicpldoah tispaBallie pipeties Tdddegointion wasistirfBe: for four hours

and then concentf 1(9nt\§v)ag‘s 0“ h Ch \%?& %?gé\{(@q @lﬁ'gd‘%&% ugwgc%g)emh)mgge solution was

again c:oncentrafc)eo}l 6 B Semi-sol was In additional CH2CI2 (50 mL), and the
resulting solutloﬁeadﬁ@é}‘mdb‘m%%da"t‘}mII%(HO(’é m%%dﬂ%W§tﬂ€§%ﬁﬁ6WBPNH4OH (15
mL) over appromﬁiad&{a»ee iRutes rﬂﬂ)e sHutiopaniasdhen eenrcentisiied tad adlit/agueous mixture

oSl dh iAo e e A0 ko The CHIY BRERHR LHRRIS B, cpbined and

dried over MgS ate concentrated to a cru which was adsorbed onto

silica gel (50 g) dsimghexnge mare Thes kit s meATchibrRitug PR RIPBs IR sl

(EtOAc/hexane) tagdvRid AdaAnseihaigainiai@s®i@onlyield). This material was determined to be

ooy then ool N MR S S SRS R BIRHE 2 A S G RRg ncloatec
ester in THF/MeOH was added a solution of sodium hydroxide in HoO (15 mL). The

resulting solution was stirred at room temperature for 12 hours, and acetic acid (3
grams) was added. The solution was then concentrated to an oil. The oil was
dissolved in ethyl acetate (100 mL) and washed with H2O (3 x 100 mL). The ethyl
acetate extracts were combined and dried over MgSO,, filtered, and concentrated to a
semi-solid which was then dissolved in MeOH/THF (2:1, 50 mL) and shaken with
10% Pd/C under 50 psi of hydrogen pressure for 24 hours. TLC showed that the
reaction was incomplete. Additional 10% Pd/C was added (500 mg) and the
suspension was shaken for an additional 24 hours. The suspension was then filtered
and the filtrate concentrated to a semi-solid (4.97 g). The solid was dissolved in
CH,Cl, (30 mL) and the resulting solution cooled to 0 °C. To this solution was added
oxalyl chloride followed by one drop of DMF from a 9-inch disposable pipette. The
solution was stirred for 8 hours and then concentrated to a solid which was dissolved

in additional CH,Cl, (30 mL). The solution was again concentrated to a semi-solid



Example 26. Preparation of Compound Q-1 R1R,2/0-2-Phenyleyelopropanecarboxylic

acid-((3)-1- earbamoyl propyl)amide]. MW= 246.31 CHH"N20, [00112]A solution of
trans-2-phenyl-cyclopropanecarbonylchloride in CHgC12 (20 mL) was added dropwise into a solution
of L-2-arninoB\Ra94tide fydrochloride (1.61 g, 11.6 mmol) and triethylamf§&ES38%413388mmol) in
CH2C12 (60 ml) ero 36 009/1175 / O /03 58 d ree Celsius gkhe reaction
mixture stirred aﬁ'& Vs Sise ffrlé1 ﬁ#&té?nr#tr%f}{cgl g\%zr%lg? ff?ﬁ e re‘g((:%tll%nna%lx ure was
evaporated unddrapdiscéel prodiadréSaka %eéumﬁ@ﬁmé@ibu&tlr@dj%%Wé@fﬂ%ﬁ%déét&tb)water mixture.
The mixture was,iangigis@rhids asePaTARLY fumek&@agl&élzoa@@.mwoaw@aul acetate (80 mL),
The mixture was equilibrated and the aggugeous ase (%a 3n|ch YRr was washed
with 1.0M HC1 G PHSSE G HLARE BAhe' rfﬁﬁ SSGely. The Sghnic fayer was dried
over anhydrous efiagaesitmesuiftiecfitermdingd d@x@&%@@t@éﬁ%ﬁk@%@@d thndiéraieduced

pressure. The regylting.aneg Lravinseldnas Rerified 18ine.a g{gggg@ﬂﬁy@t@%écolumn Si
40+M 90:10, CH2C12/MeOH g)BWhlch afforded 0.365g of glte powder ( Qﬁthls material was

determined to b&Tef0od Hlird B BRIV, tﬁ‘hcﬂﬂ{}fﬁoﬁé@ é’ﬂaﬁg’%ﬁ% & dfoduct's
structure and m@watéd@eateMﬁfav@ﬂ%spM(W‘[@@kl«ﬂ]Fi@wwtmah@aﬂubtcatena@imthﬁml examples of

the syntheses Ofl 00% pure by LC/MS. H-NMR gave signals consistent with the product’s structure

anid indicated greater than98% purity:
Example 22. Preparation of Compound AW [3—(4-Is0propylphenyl)butyramide].

- P\)L -
10% Pd/C, NaOH
)\ LiHDMS {1.0M) X

NH;OH

= MW = 232,33 MW = 219.33
Nt Crabin0s CaHoNO
[00103] To a chilled (0 °C) solution of lithium bis(trimethylsilyl)amide (1.0 M,

56 mL) was dropwise added a solution of trimethylphosphonoacetate, keeping the
temperature below 10 °C. The solution was then allowed to warm to room
temperature and stirred for an additional five minutes after which a solution of p-
isobutylacetophenone in THF (25 mL) was added in one portion. The solution was
slowly heated to 65 °C and allowed to reflux for thirty hours. The solution was
cooled to room temperature then diluted with a 10% NH4CI solution (100 mL), and
extracted with ethyl acetate (2 x 100 mL). The organic layers were combined and
dried over MgSQ;, filtered, and filtrate concentrated to a white solid which was
recrystallized from hexane/ethyl acetate to give 5.93 grams of 3-(4-
isobutylphenyl)but-2-enoic acid methyl ester intermediate (89.9% yield).

[00104] To a solution of 3-(4-isobutylphenyl)but-2-enoic acid methyl ester in
THF/MeOH was added a solution of sodium hydroxide in H,O (15 mL). The
resulting solution was stirred at room temperature for 12 hours and acetic acid (3
grams) was added. The solution was then concentrated to an oil. The oil was
dissolved in ethyl acetate (150 mL) and washed with HO (3 x 100 mL). The ethyl
acetate extracts were combined and dried over MgSOy, filtered, and concentrated to a

solid (4.98 g) which was then dissolved in MeOH/THF (2:1, 50 mL}) and shaken with



various compounds and key intermediates (Schemes 1-15), drawn from the literature of synthetic
organic chemistry, from which skilled artisans will be able to envision the preparation of various
additional compounds of the present invention. Exathple 27. Demonstration of Biological Activity in
Rodent AnticYSh¥fi¥ahAodels of Epilepsy. [001151The anticonvulsant aB§iifi&308Y(&168s

compounds of theyvgnRofLPTe demensisales RN FIoNRJSTHNEE AR sar) models of

epilepsy. The animal testing was performed as described in White et aL, "Discovery and preclinical

development of &fffépNepEt BIogPieih Andiirmplid Bruge/ %tﬁaédadﬂ%\/fsé)f)d“%t&%d) Pfopincott
Williams and Wllhtﬁﬁcnﬁ’ibﬂa%lam&nﬁér 2001i(R68 pp hopp. Jheddspundisefeseieasideridined therein,

which are hereb te d Ther I o) FI, 1, and F are
summarized belé\l}vgﬁl%rg‘{)&l%s %O%%B%é} %%P\;/?VLO 2(%%?3; )1$§?L§;}éT {Sl&é%%%)g O%r%%g T%IgLE 2.

ANT1CONVULSANTRREFItEE @ roltmpolslis'OF THEIPRESENTNVERT IGRYFOLLOWING
|.P. ADMINISTR&I$EMN HEMOT BANI 96050 (639 4@ di(pdyiHeosipeatnthbdBGMESa (P .c.
ME(PIACiSe (Pl)was sti xgg(P fgr six hours and then concentrated to a solid which was dissolved in
additional CH,Cl; (30 mL). The solution was again concentrated to a semi-solid
which was dissolved in additional CH;Cls (50 mL), and the resulting solution added
dropwise to a chilled (5 °C) and mechanically stirred solution of NHsOH (10 mL)
over approximately five minutes. The suspension was then concentrated to a
solid/aqueous mixture which was extracted with ethyl acetate (2 x 100 mL). The
ethyl acetate extracts were combined and dried over MgSQ,, filtered, and the filtrate
concentrated to a crude solid which was adsorbed onto silica gel (50 g) using CH,Cly/
THF. The solid was then chromatographed on silica gel (EtOAc/Hexane) to give 2.5
grams of off-white solid (40% yield). This material was determined to be 100% pure
by LC/MS. H-NMR gave signals consistent with the product’s structure and
indicated greater than 98% purity.

Example 23. Preparation of Compound AE [3-(6-Methoxynaphthalen-2-yl)-

butyramide].
Q
0”7 10% PdIC, NaOH OO N
e NHOH
o

MW = 200 24 MW = 256.30 MW = 243 31

C13H1202 C18H1€03 C15H17N02

[00105] To a chilled (0°C) solution of lithium bis(trimethylsilyl)amide (1.0 M,

50 mL) was dropwise added a solution of trimethylphosphonoacetate, keeping the
temperature below 10 °C. The solution was then allowed to warm to room
temperature and stirred for an additional ten minutes after which a solution of 2-
acetyl-6-methoxynaphthalene in THF (20 mL) was added in one portion. The solution
was slowly heated to 50 °C for fourteen hours. The solution was cooled to room
temperature then diluted with a 10% NH4CI solution (100 mL), and extracted with

ethyl acetate (2 x 100 mL). The organic layers were combined and dried over
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MgSO;, filtered, and filtrate concentrated to a white solid which was recrystallized
from hexane/ethyl acetate to give 5.88 grams of 3-(6-methoxynaphthalen-2-y)but-2-
enoic acid methyl ester intermediate (92% yield).

[06166] To a solution of 3-(6-methoxynaphthalen-2-yl)but-2-enoic acid methyl
ester in THF/MeOH was added a solution of sodium hydroxide in HoO (15 mL). The
resulting solution was stirred at room temperature for 12 hours and acetic acid (3
grams) was added. The solution was then concentrated to a solid residue. The solid
was dissolved in ethyl acetate (150 mL) and washed with H,O (3 x 100 mL). The
ethyl acetate extracts were combined and dried over MgSQs, filtered, and
concentrated to a solid which was then dissolved in MeOH/THF (2:1, 50 mL) and
shaken with 10% Pd/C under 50 psi of hydrogen pressure for 24 hours. TLC showed
that the reaction was incomplete. Additional 10% Pd/C was added (500 mg) and the
suspension was shaken for an additional 24 hours. The suspension was then filtered
and the filtrate concentrated to a semi-solid (4.97 g). The solid was dissolved in
CH,Cl, (30 mL) and the resulting solution cooled to 0 °C. To this solution was added
oxalyl chloride followed by one drop of DMF from a 9-inch disposable pipette. The
solution was stirred for six hours and then concentrated to a solid which was dissolved
in additional CH,Cl, (30 mL). The solution was again concentrated to a semi-solid
which was dissolved in additional CH,Cl, (50 mL), and the resulting solution added
dropwise to a chilled (5 °C) and mechanically stirred solution of NH;OH (10 mL)
over approximately fifteen minutes. The suspension was then concentrated to a
gummy/aqueous mixture which was extracted with ethyl acetate (2 x 100 mL). The
ethyl acetate extracts were combined and dried over MgSQy, filtered, and the filtrate
concentrated to a crude solid which was adsorbed onto silica gel (50 g) using
CH,CL/THF. The solid was then chromatographed on silica gel (EtOAc/hexane) to
give 1.87 grams of off-white solid (32% yield). This material was determined to be
100% pure by LC/MS. H-NMR gave signals consistent with the product’s structure
and indicated greater than 98% purity.
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Example 24. Preparation of Compound AX [3-(2-Fluoro-biphenyl-4-
yDbutyramide].

o]
o Y\OJLC‘ O //N XOK

2) NaBH,, KOH
3} methanesulfonyi- F
chioride
4) NaCN
MW = 24427 MW = 239.30 MW = 257.31
CysHisF O, CigHiFN CyeHiF NO
[60107] To a chilled (0 °C) solution of 2-(2-fluoro-biphenyl-4-yl)propionic acid

in THF was added isobutyl chloroformate followed by dropwise addition of TEA.
The resulting white slurry was allowed to stir for 1 hour and then diluted with THF
(50 mL) and filtered. The filter cake was washed with additional THF (50 mL) and
the filtrate was concentrated to approximately 50 mL using a rotary evaporator. The
concentrated filtrate was then stirred at -20 °C and a solution of NaBH4 in H,O (20
mL) was dropwisé added over a period of 15 minutes. The resulting suspension was
stirred for 2 hours at 0 °C, diluted with water (200 mL), and extracted with ethyl
acetate (2 x 100 mL). The ethyl acetate layers were combined and washed with 1.0 N
HCI solution (100 mL) followed by a 5% bicarbonate solution wash (100 mL). The
ethyl acetate solution was then concentrated to an oily residue of 2-(2-fluoro-biphenyl-
4-ylypropanol (4.47 g, 95% yield).

[60108] To a chilled (0 °C) solution of 2-(2-fluoro-biphenyl-4-ylpropanol in
CH,Cl, was added methanesulfonyl chloride followed by dropwise addition of TEA.
The resulting white slurry was allowed to stir for 1 hour and then diluted with H,O
(200 mL). The suspension was extracted with CHoCl (2 x 100 mL). The CHxCl
layers were combined and with water (2 x 100 mL) and a 5% NH4OH solution (100
mL). The CH,Cl; layer was then washed with additional H>O (200 mL) and dried over
MgSO;. The CH,Cl, layer was concentrated to an oily residue which was dissolved
in anhydrous DMF (50 mL). This solution was treated with NaCN and stirred at 60
°C for 14 hours. The TLC indicated one major less polar eluting product (relative to
mesylate) and several minor less polar eluting products relative to both the major and
mesylate products. The reaction was cooled to room temperature and diluted with
H,0 (100 mL). The solution was extracted with ethyl acetate (2 x 100 mL), dried

over MgSOy, and concentrated to an oily residue which was chromatographed on



80.8 (2.6) MID% = median minimal motor impairment dose; ED50= median effective dose; a) Maximal
Electroshock Seizure test. b) Subcutaneous Metrazol Seizure threshold. c) Audiogenic Seizure
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oil which slowly solidified on standing at room temperature (2.05 g, 49% yield).
[060109] To a solution of 3-(2-fluoro-biphenyl-4-yl)butyronitrile in fert-butyl
alcohol was added 1.87 g of finely powdered potassium hydroxide. The resulting
suspension was stirred and heated to 70 °C for 2.5 hours and cooled to room
temperature. The reaction suspension was diluted with 1.0 N HCI solution (100 mL)
and extracted with ethyl acetate (2 x 100 mL). The ethyl acetate extracts were
combined and washed with 5% bicarbonate solution (100 mL) and then with H2O
(100 mL). The organics were then dried over MgSOy, and concentrated to a white
solid which was re-crystallized several times with EtOAc/Hex to give white flaky
prisms (1.62 g, 75% yield).

Example 25. Preparation of Compound AY [3-(4-Morpholin-4-yl-phenyl)-
butyramide].

o] o o 0] o]
oW ~ P
-© (s} 10% PdIC, NaOH N
y N i N

N KOtBu (1.0M
o \/‘ u ) o \) cr’Kgc' NH,OH o \)

MW = 205.26 MW = 261.32 MW = 248.33
C12H15NO2 C15H19N03 C14H20N202
[00110] To a chilled (0 °C) solution of potassium fert-butoxide (1.0 M, 37.1

mL) was dropwise added a solution of trimethylphosphonoacetate, keeping the
temperature below 25 °C. The solution was then allowed to warm to room
temperature and stirred for an additional five minutes, afier which a solution of 4-
morpholinoacetophenone in THF (20 mL) was added in one portion. The solution was
slowly heated to 60 °C for 36 hours. The solution was cooled to room temperature,
then diluted with a 1.0N HCI solution (100 mL), and extracted with ethyl acetate (2 x
100 mL). The organic layers were combined and dried over MgSOs, filtered, and the
filtrate concentrated to a white solid which was recrystallized from hexane/ethyl
acetate to give 3.33 grams of 3-(4-morpholinophenyl)but-2-enoic acid methyl ester
intermediate (69.9% yield).

[00111] To a solution of 3-(4-morpholinophenyl)but-2-enoic acid methyl ester
in THF/MeOH (1:1) was added a solution of sodium hydroxide in H2O (15 mL). The
resulting solution was stirred at room temperature for 15 hours and acetic acid (3

grams) was added. The pH of the solution was measured at 6.5. The solution was



45.00 (5.4), H >500 56.73 (>9) 88.09 (>5.7) >500 (none observed) 26.39 (>19) >250, Example 28.
Demonstration of Biological Activity in Rat Anticonvulsant Models of Status Epilepticus. [00116]The
anticonvulsant activities of various compounds of the present invention were also demonstrated in vivo

in two rat molSYPLHRS epilepticus. The animal testing was performed BSTHYHEYIE0Is
developed in the Anticonvulsant Screening, Pragram (ASP) at.the National Institute.of Neurological
Disorders and StPSke ?Rfﬁﬂﬁaée)? ﬁ?a?f]oﬁbﬂ |r?§ﬁt8i9e‘§'a§f %%esgxﬁ)ﬁ%ﬁllﬁw%cgﬁqéésaﬁ g{ﬁg)sédrémarized below
in Table 4. 38 W@sRBDSithIHA) 6PailpGra00/0B 78R acctate extracts were combined and dried

over MgSO,, filtered, and concentrated to an amorphous solid which was then
dissolved in MeOH (50 mL) and shaken with 10% Pd/C under 50 psi of hydrogen
pressure for 8 hours. TLC showed that the reaction was complete. The suspension
was then filtered and the filtrate concentrated to a semi-solid (2.77 g). The semi-solid
was dissolved in CHoCl; (30 mL) and the resulting solution cooled to 0 °C. To this
solution was added oxalyl chloride followed by one drop of DMF from a 9-inch
disposable pipette. The solution was stirred for four hours and then concentrated to a
solid which was dissolved in additional CH,Cl, (30 mL). The solution was again
concentrated to a semi-solid which was dissolved in additional CH>Cl; (50 mL), and
the resulting solution added dropwise to a chilled (5 °C) and mechanically stirred
solution of NH4OH (15 mL) over approximately five minutes. The solution was then
concentrated to a solid/aqueous mixture which was extracted with ethyl acetate (2 x
100 mL). The ethyl acetate extracts were combined and dried over MgSOs,, filtered,
and the filtrate concentrated to a crude solid which was adsorbed onto silica gel (50 g)
using CH,Cl/THF. The solid was then chromatographed on silica gel
(EtOAc/hexane) to give 2.1 grams of beige plates (46% yield). This material was
determined to be 100% pure by LC/MS. H-NMR gave signals consistent with the
product’s structure and indicated greater than 98% purity.

Example 26. Preparation of Compound Q-1 [(1R,2R)-2-Phenylcyclopropane-
carboxylic acid-((S)-1-carbamoyl-prepyl)amide].

~
0 0 N—" o)
E:Ky"“\U\CI * H/U\N ( ©VU\ N fg o

NH,CI

CH,CI, N
MW =180.64
MW= 246.31
C,H CIO CHisN0,
[00112] A solution of trans-2-phenyl-cyclopropanecarbonyichloride in CHCly

(20 mL) was added dropwise into a solution of L-2-aminobutanamide hydrochloride

(1.61 g, 11.6 mmol) and triethylamine (3.36 g, 33.2mmol) in CH,Cl; (60 ml) at zero



Table 4. Compound Activities in Status Epilepticus Models (ASPININDS/ NIH data)
(Pilocarpine-induced Status Epilepticus in Rats) Counter-Measures Screening: Test 71 = "Prevention
of Pilocarpine-induced Status Epilepticus, in Rats"3kest 72 = "Pilocarpine-induced Status Epilepticus -
Acute Interveoff®W R3S (Prevention) Test 71 (time 0) (Acute InterveRG3HYSHEYPFFIBO min.) 120

mg/kg ---- T
9g est GomRo ggius'.b\afg“r) m%/tli((% %Qgtu%gégged at room temperature under nitrogen

degree e re
overnight.
[00113] The reaction mixture was evaporated under reduced pressure and

resulting residue re-dissolved in ethyl acetate/water mixture. The mixture was
transferred into a separatory funnel using H;O (50 mL) and ethyl acetate (80 mlL).
The mixture was equilibrated and the aqueous phase was removed. The organic layer
was washed with 1.0M HCI (20 mL), H,O (90 mL) and brine (120 mL) consecutively.
The organic layer was dried over anhydrous magnesium sulfate, filtered, and excess
solvent was removed under reduced pressure. The resulting orange-brown solid was
purified using a Biotage SP4 System (Column Si 40+M 90:10, CH,Cl/MeOH),
which afforded 0.365g of white powder (24% yield). This material was determined to
be 100% pure by GC/MS. 'H-NMR gave signals consistent with the product’s
structure and indicated greater than 98% purity.

[00114] Figures 4A-40 illustrate additional examples of the syntheses of
various compounds and key intermediates (Schemes 1-15), drawn from the literature
of synthetic organic chemistry, from which skilled artisans will be able to envision the
preparation of various additional compounds of the present invention.

Example 27. Demonstration of Biological Activity in Rodent Anticvonvulsant
Models of Epilepsy.

[00115] The anticonvulsant activities of various compounds of the invention
were demonstrated in vivo in various rodent (mouse and rat) models of epilepsy. The
animal testing was performed as described in White er al., “Discovery and preclinical
development of antiepileptic drugs,” in Antiepileptic Drugs, 5% ed., Levy et al. (Eds.),
Lippincott Williams and Wilkins, Philadelphia, PA, 2002 (968 pp.), pp. 36-48, and
references contained therein, which are hereby incorporated herein in their entirety.

The results for compounds A, G, H, 1, and F are summarized below in Tables 2 and 3.
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TABLE 2. ANTICONVULSANT PROFILES OF COMPOUNDS OF THE PRESENT

INVENTION, FOLLOWING LP. ADMINISTRATION TO MICE

MIDs; or EDsg (mg/kg) and (PIy*
Compound | MIDs; | MES® (PI) k.c. MET® (PIy AGS® (PD) 6 Hz (PI)
A <100 <100 <100 | - >30 (<3.3)
G <100 <100 <100 | - ——
1 <100 <100 <100 | e | e
H 158.98 |76.11 (2.1)| 91.36 (1.74) | 22.5(7.1) 54.98 (2.9)
F 208.37 |185.32(2.4)| 8547 (2.4) | 41.30(5) 80.8 (2.6)
MIDs; = median minimal motor impairment dose; EDsy = median effective dose;
a) Maximal Electroshock Seizure test.
b) Subcutaneous Metrazol Seizure threshold.
c) Audiogenic Seizure susceptible.

(PI)* = Protective Index = MIDso/EDs.

TABLE 3. MINIMAL MOTOR IMPAIRMENT AND PROFILES OF
ANTICONVULSANT ACTIVITY OF COMPOUNDS OF THE PRESENT

INVENTION IN RATS
Compound MIDs, (mg/ kg) MES (mg/ kg) (PD) s.c. MET (mg/ kg) (PD)
A 244.90 28.80 (8.5) 45.00 (5.4)
H >500 56.73 (>9) 88.09 (>5.7)
F >500 (none observed) 26.39 (>19) >250

Example 28. Demonstration of Biological Activity in Rat Anticonvulsant Models
of Status Epilepticus.
[00116]

invention were also demonstrated in vivo in two rat models of status epilepticus. The

The anticonvulsant activities of various compounds of the present

animal testing was performed using the protocols developed in the Anticonvulsant
Screening Program (ASP) at the National Institute of Neurological Disorders and
Stroke (NINDS), National Institutes of Health (NIH). The results are summarized
below in Table 4.
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Table 4. Compound Activities in Status Epilepticus Models (ASP/ NINDS/ NIH
data)
(Pilocarpine-induced Status Epilepticus in Rats)

Counter-Measures Screening:
Test 71 = “Prevention of Pilocarpine-induced Status Epilepticus, in Rats”
Test 72 = “Pilocarpine-induced Status Epilepticus - Acute Intervention, in Rats”
(Prevention) (Acute Intervention)
Test Compound Test 71 (time 0) Test 72 (30 min.)
A’ 65 mg/kg 120 mg/kg
B 300 mg/kg —
D 200 mg/kg 400 mg/kg
0) 450 mg/kg Inactive
L 450 mg/kg e
M 600 mg/kg Inactive
K 300 mg/kg 600 mg/kg
I* 65 mg/kg 130 mg/kg
H* 200 mg/kg 176 mg/kg
G 200 mg/kg 200 mg/kg
F* 65 mg/kg o
J 600 mg/kg e
AW? <450 mg/kg ———-

®Weight gain or weight maintenance in rats.

Example 29. Demonstration of Lack of Toxicity in In Vitro (LDH and Cell
Proliferation) Assays.

[06117] Compounds A, I, H, and F were tested by Stem Cell Innovations, Inc.
(Houston, TX) in their ACTIVTox® Human Liver Cell-based assays (using C3A
hepatocyte cells). Specifically, the compounds were tested in the LDH release
assay, which determines the release of Lactate DeHydrogenase (an indicator of cell
death) at various concentrations of test compound.

[00118] A concentration of 100 uM of test compound is a much higher level of
exposure to liver cells than would ever be expected under physiological conditions.
Therefore, using 100 uM as a standard test concentration (for comparative purposes),
the ratio of the absorbance (which measures the level of LDH release) resulting from
the presence of the test compound versus the negative control is a value known as the
“agverage (or mean) fold control” (Average Fold Control = Average of
Absorbance/Average of Negative Control). An average fold control value below 1.75
indicates that the test compound has no cyto- or hepatotoxic activity in the LDH

release assay.



65 mg/kg --- J 600 mg/kg .-- AW <450 mg/kg ---- 'Weight gain or weight maintenance in rats. Example
29. Demonstration of Lack of Toxicity in In Vitro (LOH and Cell Proliferation) Assays.
1001171Compounds A, 1, H, and F were tested by3stem Cell Innovations, Inc. (Houston, TX) in their
ACTIVTox% WEAER Li7Er Cell-based assays (using C3A hepatocyte cells§ CSEeHeAH ke
compounds Wer??g‘ﬁlsjd N e R EAeE AR R B Hib e ElaABG.Ah A

DeHydrogenase'(an indicator ot ¢e at various concentrations of test compound. [001181A
concentration of [1HGmAF efetast otenpokargipioxiet ehysigfRe I Er ST 8% SO I €ells than would
ever be expected mﬂmphysiological conditions. Therefore, using 100 uM as a standard test
concentration (for comparative purposes), the ratio of the absorbance (which measures the level of
LDH release) resulting from the presence of the test compound versus the negative control is a value
known as the "averagi oranean)dold bentrotkigdatr ageai-6id Cotvbit Wvudvidoofthe
Absorbance/Average of Negative Contioh-4xp avesaae;fold ﬁggtyol value below 1.75 indicates that the
test compound has no cyto- or hepatotoxic activity in the LDH release assay. 39

LDH release, mean

Test Compound | fold control (at 100 pM)

A 1.05
I 1.03
H 1.32
F 1.47

Compounds A and I were also tested in the ACTIVTox Cell Proliferation Assay and
were found to be non-toxic to proliferating cells at a concentration of 100 uM, with
mean fold control values of 1.15 and 1.25, respectively.

[00120] The present invention may be embodied in other specific forms
without departing from its spirit or essential characteristics. ~The described
embodiments are to be considered in all respects only as illustrative and not
restrictive. The scope of the invention is, therefore, indicated by the appended claims
rather than by the foregoing description. All changes which come within the meaning
and range of equivalency of the claims are to be embraced within their scope. All
references recited herein are incorporated herein in their entirety by specific reference.

What is claimed is:
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CLAIMS

1. A CNS-active compound having Formula I:

FORMULA I
R3 R4 O
AT\XMNRIRZ

wherein Ar is an optionally substituted phenyl, optionally substituted naphthyl,
optionally substituted tetrahydronaphthyl, optionally substituted indane, or an
optionally substituted heterocyclic aryl, wherein up to 5 substituents are optionally
present on Ar and each substituent is independently selected from the group
consisting of hydrogen, alkyl, cycloalkyl, halogen, alkoxy, thioalkyl, sulfoxyalkyl,
sulfonylalkyl, alkylene dioxy, haloalkyl, haloalkoxy, OH, CH,OH, CONH,, CN,
acetoxy, N(alkyl), benzyl, benzyloxy, a,a-dimethylbenzyl, NO,, CHO, CH;CH(OH),
acetyl, OCH,COOH, and an optionally substituted aromatic ring system;

said optionally substituted aromatic ring system being selected from the group
consisting of phenyl, phenoxy, and heterocyclic aryl, wherein up to 5 substituents are
optionally present on the aromatic ring system, and each substituent is independently
selected from the group consisting of: hydrogen, alkyl, cycloalkyl, halogen, alkoxy,
thioalkyl, sulfoxyalkyl, sulfonylalkyl, alkylene dioxy, haloalkyl, haloalkoxy, OH,
CH,OH, CONH,, CN, acetoxy, N(alkyl),, NO,, CHO, CH;CH(OH), acetyl, and
OCH,COOH;

R, and R, are each independently H, optionally substituted alkyl, optionally
substituted cycloalkyl, or optionally substituted CWzphenyl, wherein each W is
independently selected from the group consisting of H, methyl and ethyl with the
proviso that Ws are not ethyl, and wherein up to 5 substituents are optionally present
in the pheny! group or cycloalkyl, and each substituent is independently selected from
the group consisting of halogen, alkoxy, thioalkyl, sulfoxyalkyl, sulfonylalkyl,
haloalkyl, haloalkoxy, CONHa, CN, acetoxy, N(alkyl), NO,, and acetyl; when one of
R; or R, is H then the other of R; or Ry is (CH2)2SOsH, or CHZCOOH, wherein Z is
one of the group consisting of H, CH;, CH(CHs);, CH,C¢Hs, CH,CH(CH3),, and
CH(CH3)CH,CHs; or R and R, together are a cycloalkyl;



1.47 Compounds A and | were also tested in the ACT1VTox Cell Proliferation Assay and were found to
be non-toxic to proliferating cells at a concentration of 100 uM, with mean fold control values of 1.15
and 1.25, respectively. [001201The present inventigih may be embodied in other specific forms without
departing froff #¢¥Bitit "8l essential characteristics.The described embodirREREAIR B EEEonsidered

in all respects only as ii{g%r&}&vgfgg%%{gmggy&;;pﬁ%gqgg%tgy%ﬁ%eﬂ%%h‘gﬁfore, indicated

by the appended claims rather than e foregding description. All changes which come within the
meaning and rarfje RBpEsRialivhey wewiRedifs S aehsAta b & vitfinitieheB e, Al references
recited herein are incompasaipddiesairyn dnainikptiratiopyirpecifiiRreferenkg; Mihat is claimed is: WO
2009/11751540PCT/US2009/ CLAIMS 1.A.CNS-active u vigg Formula l: FORMULA |
ArXXJINR, R2 wher%iﬁ “reiScfl_a{’r?%?c’)1 aﬁ‘%’ﬁ%@%&?ﬁ@ﬁy%&%ﬂﬁy sé?ﬁg)s}{u%ltlfe@ ér’jlaphthyl,
optionally substiteitédffshydronaphthyl, optionally substituted indane, or an optionally substituted
heterocyclic aryl, wherein up to 5 substituents are optionally present on Ar and each substituent is
independently selecte from}l? oup consisting of hydrogen, F(yl, cycloalkyl, halogen, alkoxy,
thioalkyl, sulfoxyallcyl,%s'ulfony aﬁﬁé,agﬁglg%"elp&g%ﬁ Vg{%goﬂ%ﬂ%g oalkoxy, OH, CH20OH, CONH2, CN,
acetoxy, N(alkyl)2, benzyl, benzyloxy, aa-dimethylbenzyl, NO2, CITO, CH3CH(OH), acetyl,
OCH2COOH, and an optionally substituted argmatic ringriystem; said optionally substituted
aromatic ring system being selected from the isting of phenyl, phenoxy, and heterocyclic
aryl, wherein up to 5 substituents are optionglly present on the aromatic ring system, and each
substituent is independently selected from tpg B H§i§king of: hydrogen, alkyl, cycloalkyl,
halogen, alkoxy, thioalkyl, sulfoxyalkyl, sulfonylatkyl, aicylene dioxy, haloalkyl, haloalkoxy, OH,
CH20H, CONH2, CN, acetoxy, NO2, CHO, CH3CH(OH), acetyl, and QC OOH, and R2 are
each independentlyopt%ﬁ%ﬁ]i}){szbﬁgqi e &k Ifngf)‘f%' gﬂgprysaﬁl%‘aé%fuat’éedo é?{(fl(!);fa%ﬁyﬁyﬁg%lp 16nally
substituted CW2pheWyhbarhdreirewackaty B indedseeriiently sdéetstbddrothetigseogroopsistingisting of H,

methyl a_nd ethylwiih g pravdsenihalivVeersies Wcﬁ@é"é@ﬁ%%ﬂﬂ,@nﬁ sHbstiwgnts are optionally
present in the phenyl group or cycloalkyl, and each substlguent IS mdependentléﬁelected from the

group consisting® o ASIBGRY ik &% TFiBERUIC SO AR Rl BTTARy AP SRSA SRS HRTBIKoxy,
CONH2, CN, acétonggpki{ddkiih) 2eN@2, faord deetybuwhensistingodfRiabrgRR kbkihanddeydther of R1 or

R2is (Cii2)2S034?!lﬂﬁkﬁ%%l%f%%él?l?ﬂﬁ&m%,gmﬁ?ﬂﬁ?%&o‘iﬁr,"ﬁl@l y,CH(CH3)2,
CH2C6H5, CH2CH(CH3)2, and CH(CH3)C1IZCH3; or It] and R2 together are a cycloalkyl,

NOg, and acetyl; when one of R; or Ry is H then the other of R; or R; is (CH;)2SOsH,

or CHZCOOH, wherein Z is one of the group consisting of H, CHj3;, CH(CHs),,

CH,Ce¢Hs, CH>CH(CH3);, and CH(CH3;)CH,CHs; or Ry and Ry together are a

cycloalkyl;

Rs and Rs are each independently an optionally substituted phenyl or
optionally substituted heterocyclic aryl, wherein up to 5 substituents may be present
and each substituent is independently selected from the group consisting of halogen,
alkoxy, thioalkyl, sulfoxyalkyl, sulfonylalkyl, haloalkyl, haloalkoxy, CH,OH,
CONH,, CN, acetoxy, N(alkyl),, NO,, acetyl, and OCH,COOH; and

Y is either nothing or methylene.



41 WO 2009/117515PCPUS2009/037558 R3 is one of a hydroxy, alkyl, cycloallcyl, or together with
1(4 a cycloallcyl with the proviso that when one of R3 or 1(4 is OH then the other of R3 or 1(4 is not an
ethyl; 12.4 is one of an alkyl, cycloalkyl, or togethersgyith R3 cycloalkyl; and Xis one of nothing,
methylene, k&BR8IIMOIR1, oxygen, NR1, sulfur, suifone, or sulfoxide. 2. RCENS2HBMAEE8mpound
having Formula Il: FORMUL ANR,R, R3 O wherein Rl and R2 are,each independently at
least one of H, alkyl, c?éloal%lj,(%lr 8%&%%%%‘?}‘% heaF/é? eac fl%ﬁ}go|rr¥1nc}1§i@|oseir?gl'ently selected from the
group consisting of H, methyl and,ethyl with the proviso that both Ws areqiot ethyl, and wherein up to
5 substituents may be present in the phenyl or cycloallcyl groups, and edth substituent is
independently selegted the gr onsisting,pf-h @ IkoXy, thioal&R:sulfoxyalkyl,
sulfonylalkyl, haloalkyl, hetoalkoxy, CONH2, CN, acetoxy , NO2, and acetyl; when one of R1
or R2 is H then the other of RAMHRZ is (CH2)2S03H, or CHZCQQ(,?,* erein Z is one of the group
consisting of 11, C143, CH(CH3)2, CH2C6H5, CH2CH(CH3)2, an %\é:?CHs)CMZO-l?;; or R1 and R2
and R5 are each independently an oggionally substituted phenyl or
optionally substituted hetetoeyslic aggl gwherein up to 5 subst %/mall be present and each
substituent is ind&fieridénly selected from the group cagsistifig of halogeR &tkoxy, thioalkyl,
sulfoxyalkyl, sulfonylallcyl, halgalkylsaloalkoxy, C142014, COKH2, CN, acetoxy, N(alkyl)2, NO2,
acetyl, and OCH2COOH; and Y is either nothing or methylene.  Formuia 4

R3
®), @ i @ 0
QUNR& Ry, QUNR&

Formula 5 Formula 6
(RS)n = / O (RS)n = / O
N\ N
NR,R, NRR,
(Ry),
Formula 7 Formula 8
O NR/R,
Formula 9

wherein R, is one of H, CHs, C;Hs, (CH»)>SO3H, or CHZCOOH;

Z is one of H, CH;, CH(CH;),, CH,C¢Hs, CH,CH(CH:),, or
CH(CH3)CH,CHjs;

R; and Rj are independently one of H or CHjs;

R4 is one of H, CH;, OH, or OCHs;

Rs is one of H, Cl, F, CF;, CN, Ci-C5 alkyl, C1-C5 alkoxy, OCF; or
CONR;Ry;

n=1-5;

Q =0, NRy, C=0, §, SO, or SO,; and

X = 0, NRj, nothing, C=0, S, SO, or SO..



42 WO 2009/117515PCT/11S2009/037558 3.A CNS-active compound having one of the Formulas
1-9: Formula4 yOL NR,R, Formula6 Formula 7Formula 8 (Rs),0
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4. A CNS-active compound having one of Formulas A-BA:
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NR,R, Formula 9 wherein R1 is one of H, CH3, C2H5, (CH2)2S03H, or CHZCOOH;  Zis one of H,
CH3, CH(CH3)2, C112C6H5, CH2C11(CH3)2, or CH(CH3)CH2CHS3; R2 and R3 are independently
one of H or CH3; R4 is one of H, CH3, OH, or OCH3; R5 is one of H, Cl, F, CF3, CN, CI-05 alkyl,
C 1 -05 alkoxXyyO309316t1EON& R2; n = 1 -5; Q = 0, NR2, C=0, S, SO, or 8CUSHEN3ZHOSNR?2,

nothing, C=0, S, SO, or 502. 5. A pharmaceutical composition for modulating CNS activity, the
composition comprising: Q o o o
N N
a cl F F
Formula W Formula X Formula Y Formula Z
0 o o
“ S <Veas
F ™o )
Fr
Formula AA Formuia AB Formula AC
o] o : O
F
o N o o
Fr
Formula AD Formula AE Formula AF Formula AG
ci cl c ct
%N N N N
o o o o}
Formula AH Formula Al Formula AJ Formula AK
o} Y o 0 o
J > N
i ~ P
~ o ? ] Formula AQ
rmula
Formula AL Formu}a AM FormUIa AN o
| O o]
O
o} 9 N N N
[ N ol ~0
o F Formula AR Formula AS
Formula AQ

Formula AP



a pharmaceutically-acceptable carrier; and a CNS-active compound of one of claims 1-4 combined
with the carrier. 6. A pharmaceutical composition as in claim 5, further comprising an excipient.
7. A pharmaceutical composition as in claim S. whagein the CNS-active compound is present in a
therapeuticaly @HYENES Enount to modulate CNS activity. 8. A pharma®&dtleR0ehiptSition as in
claim 7, wherein the therapeutically effective amount is sufficient for@t Ieast one of the fo(yowmg to
provide anticonvulsant act|V|ty to a subject; o treat and/or prevent ce abject; to treat
and/or prevent seiz a subject; @ atand/or preven @u treat and/or
prevent affective 1 isorders, in & suibject; tgtrat a nalor prevent bipofar mood disorder in a
subject; to treat and/or preveat chronic eadacfﬁ}as in a subjexmits #at and/or prevetd Elyster
headaches in a subfg@tiad treat and/or prevent migraine headaches in a subject; to treat and/or

prevent restlessness syndromesgn a subject 46
S @Q* QQJ
@ m

F
(e}
Formula AX Formula AY Formula AZ Formula BA

5. A pharmaceutical composition for modulating CNS activity, the
composition comprising:
a pharmaceutically-acceptable carrier; and

a CNS-active compound of one of claims 1-4 combined with the carrier.

6. A pharmaceutical composition as in claim 5, further comprising an
excipient.
7. A pharmaceutical composition as in claim 5, wherein the CNS-active

compound is present in a therapeutically effective amount to modulate CNS activity.

8. A pharmaceutical composition as in claim 7, wherein the
therapeutically effective amount is sufficient for at least one of the following:

to provide anticonvulsant activity to a subject;

to treat and/or prevent convulsions in a subject;

to treat and/or prevent seizures in a subject;

to treat and/or prevent spasticity in a subject;

to treat and/or prevent affective mood disorders in a subject;

to treat and/or prevent bipolar mood disorder in a subject;

to treat and/or prevent chronic headaches in a subject;

to treat and/or prevent cluster headaches in a subject;

to treat and/or prevent migraine headaches in a subject;

to treat and/or prevent restlessness syndromes in a subject;



WO 21109/117515PCUIl S2009/0 to treat and/or prevent neuropathic pain in a subject; or to treat
and/or prevent movement disorders in a subject. 9. A method for modulating CNS activity, the method
comprising: administering a CNS-active compound4éf one of claims 1-4 to a subject. 10. A method
as in claim QW’Pé’fh’fﬂg:’CNS-activc compound is combined with a pharfabt&SEUERFaceptable

carrier. IA method as in claim. 9, wherei ' ging is administered to the subject in a
. - In Glaim, 9 wherein g %’é’tﬁ’ N EGampang > subj
therapeutically effective amount (t)éprﬁo?fﬁlater Nscg%ﬂwty in the subject. 12.A method as in claim I,

wherein the therapeutié‘hﬁ?aé%%edﬁ?éwg“g&‘fﬁéﬁ%‘ﬂf%?‘étsfétﬁ%‘tt'one of the following: to provide
anticonvulsant activity to a subject; to treat and/or prevent convulsions in a subject; to treat and/or

prevent seiauires in a sybiect, o ligaf Andior, pIGYERLSOARIEINID A SBIESH i tigat andior prevent

affective mood disorders in a sﬁbject; to treat and/or prevent bipolar mood disorder in a subject; to

treat and/or prevent chygnig;headaches ina subigstata dreat andinprevent aluster headaches in a
subject; to treat and/or prevent migraine headaches in a subject; to treat and/or prevent restlessness

syndromes in a subject; to treat and/or prevent neuropathic pain in a subject; or to treat and/or prevent

movement disorders in a subject. 47 ) .
10. A method as in claim 9, wherein the CNS-active compound is

combined with a pharmaceutically-acceptable carrier.

11 A method as in claim 9, wherein the CNS-active compound is
administered to the subject in a therapeutically effective amount to modulate CNS

activity in the subject.

12. A method as in claim 11, wherein the therapeutically effective amount
is sufficient for at least one of the following:

to provide anticonvulsant activity to a subject;

to treat and/or prevent convulsions in a subject;

to treat and/or prevent seizures in a subject;

to treat and/or prevent spasticity in a subject;

to treat and/or prevent affective mood disorders in a subject;

to treat and/or prevent bipolar mood disorder in a subject;

to treat and/or prevent chronic headaches in a subject;

to treat and/or prevent cluster headaches in a subject;

to treat and/or prevent migraine headaches in a subject;

to treat and/or prevent restlessness syndromes in a subject;

to treat and/or prevent neuropathic pain in a subject; or

to treat and/or prevent movement disorders in a subject.



WO 2009/117515PCT/US21109/03755/1 13. A method as in claim I, wherein the therapeutically
effective amount is sufficient to treat and/or prevent the symptoms of at least one of anxiety,
depression, insomnia, migraine headaches, schizophrenia, Parkinson's disease, spasticity,
Alzheimer's E_3EE ¥iB&ar disorder, chronic or neuropathic pain, stroke, 8RN GER generative
diseases, Ifuntington's disease, traumatic brain injur inal ULy 0 llepticus. 14.
A method as in claim 1T, whz}gfﬁ Og at‘ﬁ(l-:‘nrgp?énﬁt}cpékfjilgéé?f’g(?t%éﬁg%éﬁﬁiws{ﬁgﬁa?&@%hemical
countermeasureis suffigiend, faetiseid eferamtmesiu ey Senegngivet ciash SR Pfaapiety,
rc1yan_oph4enoxy) baﬁyf@selmqe]imfﬁ@tlhﬁgﬁﬁm ristnghdkt. Ahmeshedias Mmiaion’ts dister comprising:
eating 4-cyanophenal in g basic solution at.reflux. adding,l3-butyrolactone. e ing solution;
cooling the solutfeAts’ o@nz?‘g%nﬁre?a ’S?%S;eg‘r’é‘bogaﬁr)ﬁ(‘&s‘ér eilb%ggﬁglﬁ%(tﬁéﬁgogﬁﬁlé%%%tigtgglkgi(/ a%lding water
and diethyl ethechreniovienyodatietiglietEpdesger HreingsamatiifrastidiRmatih &-auBdY layer after
formation by add;ﬁga@cld,@li,ﬁg}y’t@r}@;,@p@wpgaﬁz; extracting the acidified aqueous layer with ethyl
acetate; drying the ethyl acetate layer to yield 3-(4-cyanophenoxy)butyric acid]; preparing a solution of

3-(4-cyanophenoxy)butyric acid in an organic solvent; 48 WO 2009/117515PCT/US2009/037558
14. A method as in claim 11, wherein the therapeutically effective amount

is sufficient for a chemical countermeasure.

15. A method of manufacturing a CNS-active compound [3-(4-

cyanophenoxy)butyramide], the method comprising:

(0] o o} NaOH /©/O\{\(O
+ - I
B ﬂ )
= NG

N
MW =119.12 MW =86.09 MW =2086.22
C,HsNO CH0, CiiHy NG,
o] o} 0
}\/U\ Oxalyl chioride U Ammonia (gas) j\/L
0 O e o o R o N
MW =205.22 MW =223.66 MW =204.23
CiyHNO, C14HyCING, CayHiN;0;

16. A method as in claim 15, further comprising:

heating 4-cyanophenol in a basic solution at reflux;

adding B-butyrolactone to the refluxing solution;

cooling the solution to room temperature;

preparing a biphasic mixture of the solution by adding water and diethyl ether;

removing a diethyl ether layer after formation;

acidifying the aqueous layer after formation by adding a HCl solution at about
pPH~2;

extracting the acidified aqueous layer with ethyl acetate;

drying the ethyl acetate layer to yield 3-(4-cyanophenoxy)butyric acid];

preparing a solution of 3-(4-cyanophenoxy)butyric acid in an organic solvent;



treating the solution with oxalyl chloride to obtain [3-(4-cyanophenoxy)butyryl chloride]; bubbling
ammonia gas through the solution of 3-(4-cyanophenoxy)butyryl chloride; and obtaining

[3-(4-cyanophenoxy)butyramidel from the solution. 48
WO 2009/117515 PCT/US2009/037558

treating the solution with oxalyl chloride to obtain [3-(4-cyanophenoxy)butyryl
chloride];

bubbling ammonia gas through the solution of 3-(4-cyanophenoxy)butyryl
chloride; and

obtaining [3-(4-cyanophenoxy)butyramide] from the solution.



