PHARVACEUTI CAL FOR TREATMENT OF NEUROLOG CAL AND NEUROPSYCHI ATRI C

DI SORDERS The present invention relates to a_(;l—ass-e%wbsr"t'lﬁ’éd am nes,
pharmaceutical 5 conpositions and nmethods of treatin ogi cal and
neuropsychiatric disorders. Synaptic transmissio “\M\E “ M\M&x f orm of

i ntercel lular communi cation that involves a con ay of

speci al i zed structures in both the pre: land post-synapt¥¢ neuron. Hi gh-

‘affinity neurotransmtter transporters are one such conponent, |ocated on
t he pre-synappPHa RMAGPETICARIFOR TREANN VIENT OH NEGIRGLOKGAIO L AND!

Schul diner, CRC Critical ReRURG@PSYCHIATRIC BISORDERS 10 1032 (1987)).
Transporters sequester neurotransmtter fromthe synapse, thereby

regul ating the concentration of neurotransmtter in the synapse, as well

‘as its .duratio r th i tude of
synaptic trans %hés o lSq‘ll—'cur I%Btetschﬂl?%\?g?\dtb?[frl\rg&?%ﬁﬁgspPlgaggg‘%?m#r ansmtter to

nei ghbor i nrgmmylnexpsaaé mcﬂmMpmaMnsumEzgmlanmnmwchndidﬁs;arcbtfs synapt I C

transm ssi on. Las Lmig Hclesst er| [}qf rm a§ed it ansmtter

presynapti c te§?ﬁaﬁé‘f ?’élsﬁspo AW oF f?’%‘g‘f’ﬁa??"e a‘l”b‘ﬁ VFSIai zati on.
Neur ot r angdhsidérable afranSH3pecializat sﬂemnderﬁodom prét ardpostlsymaptic fAeinUMi@Ad t he

vol tage difference. across the nenbran under conditions of intense
neuronal P{ARTABEUIARNSTHEST ERIFFTS AAIF i cam%%‘f"i‘ulf’%“"dﬂ“é'?fsp&ﬁ‘ﬂ‘éﬁ“é: tergppal

function iy JuBYEHdER, glihleBAKahEr ARIS MLIdaRS R Critidal ReéVicha i BidlRemipgig pandent
non- exocytotic manner (Attwell et al., Neuron, 11, 401-407 (19

Phar mei@o] 48321 i | TARISBRferDIsaussterRaYFYRRSINES i ffomethe synapsesharebyrregulalingther ovi des
a means fegncénaqhmﬂgurammdepmasé dy¥hesY as MR Gl BrektS @mﬁmgaﬁ&apy for
the treatment of neurol ogical and psychiatric disturbances e amno acid
gl yci ne i eiflaensetho magritnde of enanvic trapsmissipnt ffarthesrhyepirgvamting ehetspeead ofer vous

system f t t nervous -
Svstem bURRRiRighborlhap iy BlsRioteriif Gl LAY Yt SURRERERM B (P L0
i nt ended. Livdyeeqliestimgatiedsehginsoner afo BSpgiypaptiveerainal, megkpatadalioyw formo

differ nt t ypes of ceptor, each of which is associated with a different
- cl ass Ejf‘%&'l"heé“’t“fl F4rter. The inhibitory actions of glycine are

medi at ed by gl yeudegansmiree phuspsrt ishiapendene o euatdlulie sddiunt 4nd tieonltage diffetence.

al kal oid str chn| ne. and are ﬁSlhus referred tg 'ef[ %/chnl ne-sensitive.”
Such recepid CC'B‘WE TS Wides Sopepons; of ImteRsq A5Hiog f@'ﬁ&rﬁ'ﬁ Pr 8b&ned upon
bi ndi ng ofeifke/ ErbmPordds Eih&‘uﬁoﬁG@thtreﬁerseb&lehﬂfgrrﬁ&@trﬁgmﬁhl' ord druePnddpeidmce, the
threshold for firing of 30 angg potent ial is_increased.

St rychni néo“é%“ﬁ%‘i‘?‘icxi%?‘"@?’JéF‘ﬁé"?‘ e%ﬂ’é?%—évr“é”f‘%ﬁ'c? 3 e Bharmaralogic rodyfationy,
spi nalzocoedleamaﬁ%ﬁmmn&admpfa@wmﬂn% £ m o@ﬂﬁﬁ%}@nﬁ grdhoftPaisd t he

activation of such receptors w t hus increase inhibitory
neur ot r angwvides yseful tlhefﬁpbeg’é the grgatpert of neurological and psychiatric disturbances.

The amino acid glycine is a major neurotransmutter in the mammalian central nervous

system, functioning at both inhibitory and excitatory synapses. By nervous system, both the
central and peripheral portions of the nervous system are intended. These distinct functions of
25 glycine are mediated by two different types of receptor, each of which is associated with a
different class of glycine transporter. The inhubitory actions of gly.cine are mediated by glycine
receptors that are sensitive to the convulsant alkaloid strychnine, and are thus referred to as
' strychnmc-sensmve Such receptors contain an intninsic: chloride channel that ts opened upoa
binding of glycine to the receptor; by increasing chloride conductancc the threshold for firing of
30 an action potenual is increased. Strychnine-sensitive glycine receptors are found predominantly in
the spinal cord and bramstem and pharmacological agents that enhance the activation of such
rcbeptors will thus increase inhibitory neurotransmission in these regions.
Glycine functions in excitatory transmission by modulating the actions of glutamate, the

major excitatory neurotransmitter in the central nervous system. See Johnson and Ascher, Nature,
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G ycine functions in excitatory transm ssion by nodul ating the actions of
glutamate, the nmjor excitatory neurotransmtter in the central nervous
system See Johnson and Ascher, Nature, -2- 325, 529-531 (1987); Fletcher
et al.. dvcine Transm ssion. (Oterson and Storm Mat hi sen, eds.. 1990),
pp. 193-219. Specifically, glvcine is a%obl | gatory co-agoni st at the class
of glutamate receptor terned N nethyl aspartate (NVDA) receptor.
Activation of NVDA receptors increases sodium and cal ci um conduct ance,

whi ch depgRariz2est tﬂ?@ﬂnélﬂct}ﬂﬂ@h@iﬂﬁgﬂmmm n§redsen &nd|Sidemt Mimbioch, tdzat it
wll fire acti ten NVDA I ec rs are W di str.i but ed
throughoutle&p tl)gj;zﬁo S\?\’AE{ ﬁ&“v ' cé{l aﬁ%ﬂ aﬁ%"rl]séla'ttké/'fl?\ssto %lu%‘g’?[ébral
cortex andecbptprptema:ﬂmahemdrwmmanmm (NMﬂAecredepxbr cA@mmag oIﬂBJM[D&V@QJt@d t he

exi stence.in ma | i br ai ns f two ¢l asses of cin ansp orters,

ot med G yPFreEa T 9 e Sopent o b B Batr e ony it REreRAsg i
and itss diligélihbdithitQnwillGiré SEqE6¢lpotémial avDaf re@bmﬁmuﬁwldcstmtehw&y@h&ﬂd NVDA
receptors (Smth, et 10 al Neuron, 8 927-935 (1992)). Ml ecul ar cl oning
has furt hée braip.alitheparycylaglyinigh depsity g the srrebaal corigjagd higpesameglfarmation. o ned
GAyT-1 a, G yT-mbieddla?Bignifd ¥abrevealtd (hKlekikteRte ua.hmmmh%%safm%amafo@' ogy,

45, 608-617 (1994)), each of which displays a unique distribution in the
‘br ai n' and gyen¢ pawsparters. tqrged @ T-and LAy T3y -§ isfpungipresiomitiantyein ghetfprabrain,
splicing yI-2,
TR Cont radgt iHAURRU R, & iRl bkt plniBE FIRMDA RGPS T
its 15Qdi st riVdueoni &r92@t9|3§ é@ﬁéﬂdMO@IC@lseﬂmaﬁats iisrthenfeveaied ysheristeacesd tigeet | ve

| | 22802 22808
(1565) . " SErRb e telr s B R BB aRRaH T < BT P Y il iaongSiog?

These dat &szi08-64010E98))enth uﬁv:mcmmlays emunhmmhmoheguué Biaio@d péréphephapt i ¢

| evel s n d T-2.sel e tlvel fluence the actiyity
of ' NVDA ¢ BSBET OPESaL s R AT R R 8 e, AR G goi N-ERinal
respect i vedgions 281yTorToeonttsst ik flund prlddidthihar®ly ibdié baaaxtsemghwcsbmﬂ dofBRsIB L er S
woul d thus be expected to alter receptor function, and provide therapeutlc

 benef ity distibuten sogespopds clpsels isbatof girychning=sensitiyeghine receptapsi (biwet #n Lof G yT-2

can be useggbiddatlCRIniB) 26810282L12808 ¥1993). NBLYARS NBRNH, PIN&HHGRIYI84 Sensi ti ve
glycine receptors via Increasing synaptic | évels of ‘glycine, thus

di mi ni shi A82& HB3{(1WIDmThee dntagre COpfastﬁtt P‘E‘F‘éheé’eF“(‘iha‘ebY readme'pﬁﬁyw ic levels
“informati LG r ted 25 by
t hese recgg gér]gé mﬁlﬂigh Igg"?% sgk:c{we‘fll 123 (1989) w%?tl%ﬁ%tgﬁ%g enhanci ng
i nhi bi tor yuwghlywqwrlgqgdymneamsmOSFSrféWCtl‘l‘#)ough strychni ne-sensitive glycine.
receptpys 10 t e 30l Malnf Al AL BGe o SRELLBoARE SATEHIIRCLE MRS ARt I VI LY.
whi ch Ts useful trea I ng JPSeases r con I'Ons assocl

i ncr eased raresor fanccnm,tamaptomdn;hcapc\kucasnaﬁnasmvamdtypf diseae|saumy s Foraaxamplpi | epsy

(Truong etnh%l

ition of GlyT-2 can be used to diminish the activity of neurons having strychmne-scnsmve
glycine receptors via increasing synaptic levels of glycine, thus diminishung the transmission of
- pain-related (i.e., nociceptive) information in the spinal cord, which has been shown to be mediated
25 by these receptors. Yaksh, Pain, 37, 111-123 (1989). Additionally, enhancing inhibitory
' glycinergic tfa,nsmission dlrough.strychninc-sensitivc glycine receptors in the spinal cord can be
used to decrease muscle hyperactivity, which is useful in treating diseases or conditions associated
~ with 'mcreaséd muscle contraction, such as spasticity, myoclonus, and epilepsy (Truong et al,
 Movement Disorders, 3, 77-87 (1988), Becker, FASEB I, 4, 4,2767-2774 (1990)). -Spasticity that .'

30 can be treated via modulation of glycine receptors is associated with epilepsy, stroke, head trauma,
multiple sclerosis, sptnal cord wnjury, dystonia, and other conditions of Iil!ncss and injury of the
nervous system. _ | '

NMDA receptors are cntically involved in memory and léaming (Rison and Stanton,
- Neurosci. Biobehav. Rev., 19, 533-552 (1995); Danysz et al., Behavioral Pharmacol., 6, 455-474



Movenent Disorders, 3 .77-87 (1988); Becker, FASEB J., 4, 2767-2774
(1990)). Spastrcrty that 30 can be treated via nDduIatron of gl ycine
receptors is associated with epilepsy, stroke, head trauma, nmnultiple
sclerosis, spinal cord injury, dystonia, and other conditions of illness
and injury of the nervous system NVDAX-eceptors are critically involved
in menory and | earning (Bison and Stanton, Neurosci. Biobehav. Rev., 19,
533-552 (1995); Danysz et al., Behavioral Pharnmacol., 6 455-474 -3-
(1995)): Pk ard Berprase. deweasedhiaction ghtyM Db mediathivBAroeatiradse appears to
neurotran ribut the s toms of
schrzophrZﬁPiﬁigﬁﬁev a%ﬁéﬁﬁgggﬂﬂ r%ﬁ?@%gﬁfgggﬁn?zmﬁ%a%ﬁj§F¢9—J§g29398-1007
(1996). Trﬂsseh@a@rezﬁ 9981607 qlﬁ?ﬁ)bmusehgmslmnmlburmvebynd hecwangegt YICHiRe

activatio {(Bf€ be used as novel antipsychotics and

anti - deme%tc ?‘amagent ‘sﬁﬁ\ 'Qée%%osr i (c?)antrb cE B ?mﬁﬁp%g‘é‘@%a‘l dantideraenug aggAist ande
processes tatreatiorhpadiseasks uswtnhh asgnilivé PiotdsSs aftinpdited. SULIBABEHIRN dERH dROQBRI C
brain syndr nve % ver €‘i\ctr vati on of NVDA receptors has been

i npl i cat ed” 8ﬁrgﬁm‘rﬁu'r?ﬂ’esr‘“ - SERUESRY Q¥ E@ctiyarionof NP reqeptofsdankasn onal  deat h

associ at edmplidaled &t 4 Alikber 8 \lscAQSEd! M PARIEIBIAEROFINAL deYif 2bSSRP RN sREN as
Al zhei mer' s di sggr{wgr mul ti-infarct denentia, AIDS denentl a, Huntr ngton's

di sease, PB3fR9H ofigesperatiye digeases: Puspat Alzheimersalisease) rulwwifyciglementiaer 10

condi ti ONS\IDB dwabEh, AE@HERAS d5akd, PAGaLb QRS I;tt.
trauma, Coyle & Puttfarcken Sci ence, 262, 583!1%%% @%S%ECQ%&I%“H %hd

Rosenbb} g comsignepigrhichmneursnalysty ri‘@rdh@w@&@ch S1golsos h¢438Bna. Chele & Neuron. 1,
623- 634 ( PYBRkcken! RiRncePHRN g@&@é 5’3"’}' Ln dskésen%eﬁ ngc rﬁ‘ééf? Qé g@,gaféﬁt lvity of

GyT-1 will resul't in decrease ycrn Ivati o
whi ch act i34, t@”é&h( 19831 €, EMm,daﬁBt-Wss(d@&a}mdﬂuel ﬁfaﬁﬁhcdb@&'iﬁ@m&ttEJ(ES

Similarly, tI kK th cine sit n. 1 he NVDA

receptors ccg{?k%‘g sg%y ?tt)él??ea%"tr Se'se °ﬁt§?¥§ﬁ§f%ﬂa‘i§t@@a§g g’l% ESEPOrs MVARY

OF THE INWENEIa&NltBya:t brcuspd @xedat these\uad) telatid, disdase ls@&S. %ulmmg@dﬁt drsupeen
|dent|{§e g‘t lnhr bi t. %%/@W)s‘\ transport via the GyT- or GyT-

" transport §BYSE SR FECTPLYYS SAD b5 ugeddp fred d“’f“(ﬁ““é‘ﬂﬁfﬁfhﬁa@ staeat

i nhi bit sGWmerTHEQNVEMIEWIt hetic | nternedi ates for preparing

conpounds that 20 inhibit such transport Thus, the invention provides a

class of conpolid® REYRiMEntonza clagso XO'F@OU“TWW h"eﬂ identréied that ynhibRglycine

transport via the GlyT-1 or GlyT-2 transporters, or are precursors, such as pro-drugs, to

compounds that inhibit such transport, or are synthetic intermediates for preparing compounds that

20 inhubit such transport. Thus, the invention provides a class of compounds formula:

R’ XI
or a pharmaceutically acceptable salt thereof,
wherein:
(1) X is nitrogen or carbon, and R2 is not present when X is nitrogen,

25 @) R2 (a) 1s hydrogen, (C1-C6) alkyl, (C1-C6) atkoxy, cyano, (C2-C7) alkanoyl,
amunocarbonyl, (C1-C6) alkylaminocarbony! or dialkylaminocarbonyl wherein each alkyl is

independently C1 to C6, (b) comprises (where Rl is not aminoethylene, -0-R8 or -S-R8")



Ra* R5 XI or a pharmaceutically acceptable salt thereof, wherein: (1) X
is nitrogen or carbon, and R2 is not present when X is nitrogen; 25 (2) R2
(a) is hydrogen, (d-0C6) alkyl, (d-C6) alkoxy, cyano, (C2-C7) alkanoyl,

am nocar bonvi, (C 1 -C6) alkylam nocarbonyl or dial kyl am nocarbonyl wherein
each alkyl is independently CI to C6, (b) conprises (where R is not

am noet hyl ene, -OR8 or -S-R8") -4- hvdroxv. fluoro. chloro. brono or
(C2-C7) al kanovl oxv. (c) forms a double bond with an adj acent carbon or

‘ ; ked by R2b
R R s L

(2' ") Wa,ca%bﬂoﬁﬁ\d‘oé%&&mnﬁd’n@otﬁd@rﬂ@hd@mol'R‘taroytd,)lsr@aqmrble7bqgl§nantyl or a
5 to 7-nmenbered non-aromatic rlng having fromO to 2 heteroatons sel ected

from the gebup l&‘brss&‘éﬂmkag befR*8xd §en. sul fur and nitrogen, wherein: (a)
aryl.-is phenyl or nap ht hy Qﬁﬁehet eroaryl conprises a five-nenbered ring,
a si x- nentf@fled RY ﬁd{’ éinlseid@ Xed ring .10 fused to a five-nenbered

ring, a.fi menpe ri fused t menbered ring, or _a six-nmenbered
ring fu%ecf\ﬁ()) a[msir &eﬁﬁ}‘?ﬂgqeﬂefqdwng‘iﬂﬂé?@rHe‘frﬂwlhé‘faé}aﬂ‘émﬂa"P§ “msedi c and
cont ai ns hghQrdatio kg RAAR R0 for Dbt daonthl seeRed RS ihe idlp c&i‘smu@wgwgsnsm fur
and nltrogen W th t%’ue remai ni ng ring atons being carbon; (c) each of RXa,

RYa and RZsiferaid Beropsidwpetifient [y substituted with one of R9, RO or 15

RsS-, wherein e(gpgnpfs pRedyl offapitiil, RS are independently aryl, heteroaryl,
adamantvl or a 7- rrenbered non-aromatic ring as these ring structures

are defined fdb) mq%lammd}es Rfae-mRnhereding, a Ryy-meRberd dni scameritered ring
addi tigmal |y substit r . It uent sy sel ected fromthe
gally s AL Yl RGO el B RHRRIHE R0 B SERERALO

group consi sting of uor o, roxy
t nfl uoronet hyl, am dm@ubdmwhen\bnrmutgafmehm/esnwemberw\mg, ntapie tdheteroatyt 1- C6)

LR ST e e e
i ndependently C. | toxyg¥, sulfGr nd-rigerd MB)Xhe reto&iRing g Rok QB cartlofe2- C7)
(c) cach of R¥3, RY2 and R22 can be independently substituted with one of RY, REO- or
15 : RSS-, wherein each of R4, Rf and RS are independently aryl, heteroaryl,
adamantyl or a 5 to 7-membered non-aromatic ring as these ring structures are

defined for R¥3, and

(d) R¥a RY3 R22 RQ R and RS can be additionally substituted with one or more
substituents selected from the group consisting of fluoro, chloro, bromo, nitro,

20 hydroxy, cyano, tnfluoromethyl, amidosulfony!l which can have up to two .
independént (C1-C6) N-alkyl substitutions, adamantyl, (C1-C12) alkyl, (C1-C12)-
alkenyl, amuno, (C1-C6) alkylamino, dialkylamino wherein each a.lkylig '
independently C1 to C6, (C1-C6) alkoxy, (C2-C7) alkanoyl, (C2-C7)
alkanoyloxy, trifluoromethoxy, hydroxycarbonyl, (C2-C7) alkyloxycarbonyl,

25 : amunocarbonyl that can be substituted for hydrogen with up to two indcpehdént
(C1-C6) alkyl, (C1-C6) alkylsulfonyl, anﬁgiino that can independently substituted
with up to three (C1-C6) alkyl, or: mcth}_'leﬁedioxy or ethylenedioxy with the two
oxygens bonded to adjacent positions on the aryl or heteroaryl ring structure,
which methylenedioxy or ethylenedioxy can be substituted with ﬁp to two

30 - independent (C1-C6) alkyl, wherein:

(1.) the substitutions of RX3 RY2 and R22 can be combined to form a second

bridge between two of RX, RY2 and R22 comprising (1) (C1-C2) alkyl



al kanoyl oxy, trifluoronethoxy, hydroxycarbonyl, (C2-C7) alkyl oxycarbonvl,
25 am nocar bonyl that can be substituted for hydrogen with up to two

i ndependent (C 1 -C6) alkyl, (C1 -0C6) alkylsulfonyl, am dino that can

i ndependently substituted wth up to three (CI -C6) alkyl, or

met hyl enedi oxy or ethyl enedioxy with the two oxygen bonded to adjacent
positions on the aryl or heteroaryl ring-.structure, which nethyl enedi oxy
or ethyl enedi oxy can be substituted with up to two 30 i ndependent (C I-C6)

al kyl, wherein: (1.) the  suiRskhi. t\\%tcthb&f\de%entR)éabs%HﬁedRaai dn@Br R&r ¢EDI Ned
to forma second bridge between two of Rxa, Rya and R2a conposing (1) (C -

1-C2) alkyl 5 or al kem CoMalkelh(2aHfune3) antesretidlammpywiicien be sbscrutai . one

or more (C 1 - C6) alkyl 4. If ( Wh{_C an be
substituted for hydr ogertl1 évﬂg%eﬁ%grll]e()“%g é%fé’) Igﬁﬂiarb()@)(% e?]%(%m@‘ E\B%
-CH2C(=0)-. which can beaxsmutwemrﬁwoéaadmgm tWomebHﬂdeth(Gl\A@&

i ndependent (C 1-C6) 5 al kyl, -CH2- O, which can be

substituted for hydrogeriky (R G{)‘q)gﬂgﬁ q‘ﬁﬂ@pé‘rﬂh‘@rﬁm besubsteggyd for ky |, (9)
-C(=O0 N(R24), wherein R24 is hydrogen or (C 1-C6) al kyl, (10 CI—%NH—
whi ch can be substitut e&)ﬁ’fése“hyﬂl‘r"@g%H‘W#%ﬂH’ﬁmt(Slﬂﬁ?éﬂéﬂ(@) tC(ER) Nei

~(11) -CH=N-. which can b |t dfor

\(/vhea ein 10 two of Rxa, e%?H‘ 24 ?geﬁgr @y(gétaﬁ?p %R@ﬁzﬁﬂ ‘%%hn ggbond |
2") Rxb and R2b are ind t ¥ ane

EZ‘% RYb is a single bon %gglgéa f%yh am%ém‘hgﬁ“ﬁlgr&gﬁé;&l(é? Fé)n(emoi@“- F _

(where the doubl e bond |¥’é\10mcamb¢@ubsttmf0rhﬂtrmmb&y%)aum,tdlwhem@t hi o, or

ei ther -N(R6) or -CH2- N(R6*) %@q and R6* are hydrogen or (C1-0C86)

al kyl ,'%herei n when X |st\‘ﬁ’9? jeR @nﬁ“ﬁ%ﬁ%@?‘&%%%ﬁé&l bong;

h h l'i ph ;
where x | gk Bonend® _%%'@S@f%ﬁsﬁ%{*?maﬁé?f}%.ofﬁ‘({?ﬁgztﬁﬁa%%eﬁ doubl ¢ bond | &
i nked to.% (ol 53 SRR RN Bl 085001 of LI URIRIORA™

attached to" X, wher el n
et henvl eng By uld, n@th'v@n&ﬂmdﬁdethﬁen&lud whm@: N(m &acbem(aﬁbb Roflerehoe® not

-include a heteroatom 20 attached to X). am noethyl ene where t’he anmino is

bonded t 0aad RONEE By dRodeh 0@ -0 alyh Shbrkiatv@idn W it AitrdgenDOis ABELAANAIOXdbtheIP t O
one (Cl-C6) al koxy or up to one (C2-C7) al kanoyloxv, with up to two .

i ndepeldehttereatom; 2 c6) alkyl, with up to
(3) r1 compnses: a straight-chained (C2-C3) aliphatic group; where X is carbon,

=N-O-(ethvlene), wherein the gmnatched double bond is linked to X; (where X is carbon and RYP
does not include a heteroatom attached to X), -0-R8or -S-R8* wherein R8 or R8%is a ethylene or
cthenyleﬁe and O or S is bonded to ' X; (where X is_ carbon and RY® does not include é heteroatom
20 attached to X). aminoethylene where the amino is bonded to X:
wherein R! can be substituted with up to one hydroxy, up to one (C1-C6) alkoxy or up to
one (C2-C7) alkanoyloxy, with up to two independent (C1-C6) alkyl, with up to
' oﬁc oxo, up to one (C1-C6) alkylidene, with the proviso that the hydroxy, alkoxy,
alkanoyloxy or oxo substituents are not bonded to a carbon that 1s bonded to a
25 ' nitrogen or oxygen, :
whercih the alkyl or alkylidene substituents of R! can be linked to form a 3 to 7-
membered non-aromatic nng; and |
wherein if X is nitrogen, X is linked to R! by a single bond and the terminal carbon of R1
that links R! to N is saturated. . _
30 @ R3 (a) is hydrogen, (C1-C6) alkyl, or phenyl or phenylalkyl wherein the alkyl is C1t0 C6
and either such phenyl can be substituted with the same substituents deﬁnéd above for the aryl or



one oxo, up to one (C1 -C6) alkylidene, with the proviso that the hydroxy,
al koxy, al kanoyl oxy or oxo substituents are not bonded to a carbon that is
bonded to a 25 nitrogen or oxygen; wherein the al kyl or al kylidene
substituents of RI can be linked to forma 3 to 7- menbered non-aromatic
ring; and wherein if Xis nitrogen, Xis linked to RI by a single bond and
the termnal carbon of R1 that links-BR4 to Nis saturated; 30 (4) R3 (a)
i s hydrogen, (C 1-C6) alkyl, or phenyl or phenylalkyl mherein the al kyl is

Cl to C6, and ei r p G he ¢ td tou i ntlv

subst | tuerﬁ‘f[eman??ftn%% OVE{ fg@th ‘2{!{1 v %M%ﬁ, [*uazt Ee?%&%g ﬁ%b”?de YoR

127( Rxx) (R dagnk Bs k1Rxx XBRdeSnEIDY Rle%&né 85 ORI ifRpdderfly it slaxmsl@mﬂdﬂmul y

the same as X, R 'is |ndependentL{'the same as V. RAY is independently the
y

same as RYadefRndendlyitts saineseRematiehit iy indfyendearetha sanis & doiR Xoirss. iogetependent | y
the sane as Rl. or (c) forns. together wth R4. a ring C. as follows:

("~Y, RS \Qh(BNaRBg 2@ fRllgws:Rx/ 1 5 RY wherein R4* is hydrogen when ring C
is present; (5 nis 0 or 1 vvheng-if nis 1l R3* is either (C 1-C6)
alkyl (with the attached ry aving a positive charge) or oxygen
(form ng an N-oxide) and i s_car on (5'") Qtogether with the illustrated

troge

ring nitrogen and ring caQ:)oanea i RS formring C, 10 wherein ring Cis
a 3 to 8-nmenbered ring, to 8- edrlng substituted with a 3 to 6-

menbered Spiro ring, or a 3 gd ring fused with a 5 to 6-nenbered
ring, wherein the fused ring Iac |ng the illustrated ring nitrogen can be

. aromatic or heteroaromatic, 2 ereﬂtn for each conponent ring of ring C
there.are up to two heteroatoh’sxsel ected from oxygen, sulfur or nitrogen,
including the illustrated rhxt/r/o en, and the rest carbon, with the proviso.
that the ring atons include 15 no quaternary nitrogen other than the
illustrated nitrogen, with the pgoviso that, in saturated rings, ring
nitrogen atons are separated fromother ring heteroatons by at |east two

i nt er veni novhemmRS is hydrogen when ring C is present; _

%) nis O or I, and where if nis 1, R3* is either (C1-C6) alkyl (wath the attached nitrogen
having a positive charge) or oxygen (forming an N-oxide) and X is carbon;
(5" Q together with the illustrated ﬁng nitrogen and ring carbon bearing R form nng C,
10 wherein ring C is a3 to 8-membered ring, a 3 to 8-membered ring substituted with a 3 to 6-
| membered spiro ring, or a 3 to 8-membered ring fused witha 5 to 6-membered ring, wherein the -
fused ring lacking the illustrated ring nitrogen can be aromatic or heteroaromatic, wherein for each
component ring of ring C there are up to two heteroatoms selected from oxygen, sulfur or nitrogen,
including the illustrated nitrogen, and the rest carbon, with the proviso that the ring atoms include
15 no quaternary nitrogens other than the illusfrated nitrogen, with the proviso that, in saturated nings,
nng nitrqgén atoms are separated from other ring heteroatoms by at least two interverung carbon
atoms: |
wherein the carbon and nitrogen ring atoms of ring C can be substituted with substituents
selected from (C1-Cé6) alkyl, (C2-C6) alkenylene, cyano, pitro, Lr_iﬂuoromethyl,
20 (C2-C7) alkyloxycarbonyl, (C1-C6) alkylidene, hydroxyl, (C1 - C6) alkoxy, oxo,
| hydroxycarbonyl, aryl wherein the aryl is as deﬁnéd for Rxa or heteroaryl wherein

the heteroaryl is as defined for R¥2, with the proviso that ring atoms substituted
with alkylidene, hydroxycarbonyl or oxo are carbon, with the further proviso that
ring atoms substituted with hydroxyl or alkoxy are separated from other ring

25 : ~ heteroatoms by at least two intervening carbon atoms;



atons: wherein the carbon and nitrogen ring atons of ring C can be
substituted with substituents selected from (C1-C6) alkyl, (C2-C6) ~
al kenyl ene, cyano, nitro, trifluoronmethyl, 20 (C2-C7) alkyl oxycarbonyl, (C
1-C6) al kylidene, hydroxyl, (C1l - C6) al koxy, oxo, hydroxycarbonyl, aryl
wherein the aryl is as defined for Rxa or heteroaryl wherein the
heteroaryl is as defined for Rxa, with -the proviso that ring atons
substituted wth al kylidene, hydroxycarbonyl or oxo are carbon, with the

further pr@yisopd hgps Tkdidudh ol SHARELL s Eflowh Liudnodes gl b koxy, are
separated fromother ring 25 heteroatons by at |east two 1 ntervening carbon
atons; 7- (@YCRavandakal aade i ndependently hydrogen or (C 1-C6) a[k- 1. or

one of R4 and R4¥ can be,;, ((C | -C6 vdroxval kyl ;: a 7) R5 i NR13R14
(G0 Orus, (00) et 5. PRI T AGIORALY L BE T SRabY AT R b ) B DR - N
or tetrazol -55vi .therﬁ n R13. R14_R15, RL 3R1ﬁ4 R18 l?19 an 5 R20 are

i ndependerfGR7“MOBF ORI (@Y ot esazolp el whogmdh > cR K. iR2I Rife RA . (RES Rdgyand

cvcl oal kyl erein  t carbon | i . to the axygen.of R 15 or the sulfur
o R 36 LR ey GBS i o e A PR ey
ami noal kyl ,heg vo 13 u @ 13l aEPS LA ed
wth up %/othtwo @A%ﬁéﬁ%&%%@oﬁ%% %i%‘g‘,’ft'gr y@c{:@?é\?ﬁg?gﬁon t g“é“ﬁ‘k%l IS
C 1l -C6, dudt EGDEsH\ydiokvdlkyhrenmiabyt Weerathk glkylitsCLol C4 ad @, anamoydan b

het er oar yl | S [ [ 4 a : Cl -Co6
al kyl, p%egﬁ?/ﬁ?\g%de‘?fgg%lpﬂog‘gg@ flﬁjegr, lg(;bi %E%%‘&R{h 888‘2‘3‘? %ﬁésaégF&yl s of :
R23 and Rageean, 1161 GARERInMRhILP isl AMCh ¥deart R 1idleR4RA, 22 iOhydlogsi SH ORENGY
wherein the aryl i's ghenyl or naphthyl and the heteroaryl is a _
five- moberR®d RA%ngd RAS sieX€ | MBhiRyIeghenyl Nignzyd aséty-ompviees ed? i§ hydgogetlstel t 0 a
five-nmenbered ri r}g a give- menbered ring fused to a six-nenbered ring, or
a si x- mentrdnddfR‘rignd R&behntbg combiBedstp ynclvderbdrdiakolanawey, | Inliexasen t he het er oar y!
is.aromatic and, cont ai t consi.sting of
oxygen, sul fur d‘g%? n‘?‘% ?%éjgﬁ&\%npghngpﬁ}éﬂ irﬁ(le%%bﬁ%ﬁ%&ﬁ%gb% g'(‘rrgelf‘%e?%gg car bo%;
wherein the aryl. hehent@edying, asiy-imemberad sigfutedlito o fivd-inemtreeddaingaa five- of

het er oaryl al kyl can béa bes. bsnt iﬁ'&sué %d s\{\@'(_t h éeor fer arbal Y _UQT{)%%{ hr erg%
substituents sel ect ed°TTom "R Gf Sub’ 26MEEHsT %t Prig™ oF yie A & B,
brono, 1fii tro, cyano,sibyemnbetsd rifgl ivhdreia tiemedefogty] is apdiatio aad doains hykdosbme an
have up to two i ndepepde h é\ | - C6r1-)8 N-al kyl substit utdi ons, QCthId; C6) al kyl ;
(C2-C6) al kenyl, (C -‘1"‘-666‘51 AP IR SEPHP OSSP PRy BT ﬂ’y‘“ and mitrogen, with the
' remaining nng atoms being carbon,;
wherein the aryl. heteroaryl, arvl or arylalkvl or the heteroaryl of hcteroaryla.lle can be
substituted with [preferably up to three] substituents selected from the group

20 ' consisting of fluoro, chloro, bromo, nitro, cyano, hydroxy, tnfluoromethyl, -

amidosulfonyl which can have up to two independent (C1-C6) N-alkyl
~ substitutions, (C1-C6) alkyl, (C2-C6) alkenyl, (C1-C6) alkylamine, dialkylamine
wherein each alkyl is independently C1 to C6, amino, (C1-C6) alkoxy, (C2-C7)
atkanoyl, (C2-C7) alkanoyloxy, trifluoromethoxy, hydroxycarbonyl, (C2-C7)

25 alkyloxycarbonyl, aminocarbonyl that can be N-substituted with up to two
independent (C1-C6) alkyl, (C1-C6) alkylsulfonyl, amidino that.can substituted
with up to three (C1-C6) alkyl, or methyienedioxy or eth;vlencdio'xy.'with the two
oxygens bonded to adjacent positions on the aryl or heteroaryl ring structure,

. which methylenedioxy or ethylenedioxy can be substituted with up to two
30 independent (C1-C6) alkvl; and '
wherein R13 and R14 together with the nitrogen can form a 5 to 7-membered nng that can

contain one additional heteroatom selected from oxygen and sulfur.



wherein each al kyl is independently CI| to C6, amno, (C 1-C6) al koxy,
(C2-C7) al kanoyl, (C2-C7) al kanoyl oxy, trifluoronethoxy, hydroxycarbonyl,
(C2-C7) 25 al kyl oxycarbonyl, am nocarbonyl that can be N-substituted with
up to two independent (C1 -C6) alkyl, (C1-C6) alkylsulfonyl, am dino
that can substituted wth up to three (C1 -C6) alkyl, or nethyl enedi oxy
or ethvlenedioxy. with the two oxygen -‘fonded to adj acent positions on the
aryl or heteroaryl ring structure, which nethyl enedi oxy or ethyl enedi oxy
can be substit Unedraiirted emlpoctiloerttwer&(ﬂrmdeperﬂdembc(e@hr@d&) wgtlukdydl the and
wherein Rlljrust&nglnR 14 tog\g&ﬂgr with the nitro an forma 5 to 7-nmenbered

n
ring that can LEne addi I ons "EetEr s %rﬁirg%ﬂ ected from oxygen and

sulfur. In a prpeée@rrasﬁdm%b@ﬂkmwheyaun@@zﬁ?ls sﬁbﬁm‘!e&mﬁﬂw?m%%d ring
that includes the illustrated nng nitrogen, with the remai ning nhg atons
bei ng car bedwo. Ryerber alflugroned), aifluosathory)euta cﬁxa.(CRsca)amgil RAaRI0S, RSS-.
substituted wyth fluoro. chloro, bronmo. hvdroxv. tnfluoronethvl,

t nf | uor bnEBhBx 15, hyveiogeng (C lcGératkyl, (ocBhamBl) or phénylalkyvRgherdin (e alkiRSSC! 0 66aR) R3 s
hydr ogen, ez&r%ucﬁ%@}]mm st W B s BUSTMRLY herhBPRE I L6, R S

to C6 and either 'such phenyl can e sa uents

- defined fofridg @)ye il shiehfs 0ARVA, RYOhndRZ, Hciudfn) stdiBrubded heRIUG fﬂg;% of

Rxa, RYa and R2a, including substituents thereto, otherw se include at

| east tvvo“%ﬁhtsiﬁra'c'%“NQ?QO@%‘FJE‘BGWTF#&P“?@QWWelrddfi frem b3 e Frmnmat@nst 0 20 ring
at ons. f A53,

A56, AS7, A%ELESSO et 59{1'55@'%%&%“%&% _'Q‘S‘?&A}g; & g‘/fgg, %\%@%dgﬂfgg -
AL105- 106, ARBERS, ARGS9, M931%, AM?@ﬂqz@l@nwmm Al108-60% Ad b6, \A 1221128 embAl T6ne of

Rxa, Rya and R2a is substlt 93 fluoro trifluoronethyl

trifl uor orstHBYY. at feagt0ge ofy B wRsunted yith F‘?'B«ftéﬂ%P'?ﬂthb(a Rya and
R2a is subsitut hR S brefehally

het eroaryF i %] ¥1s"tltro c%a% Orlgb%'cg uéyl?aﬁcffﬁ@ayllgé g%ewqﬁa %tf“étﬁ‘f y, RYb.

i s oxa, mdﬂ)ﬂqER X ¥ RIS BrefcdBiv Mh I f Ra i 20f thia.
15 Prefer al:l)l Y, R3®| SH%CQ NFI%13 ﬂ (%E&}{l&mﬁla&%%m%moﬁ orllgagg gdl Ir;ne‘nt '

‘R15 is (Cpnés) Ril:tkry«bl,y (11'92156»@, aleyEHeneoya) thin) methiartila, FRéTeravl ARIDGE oxaiekigi N
the alkyl is C 1- Rr}n ?lglkl rethefgkyl is C2-C6 and the am no
can bel s@b@‘@fﬁﬁlntpe’dls\fﬁ@ﬁ“ r}R (EWOR MtedEARIBMT®. (C 1- C3) al kyl's, wherein the.

phenyl or the henyl k n |tuted as recited above.
Preferably, q%“feﬁ“ﬁ’ ‘F’F'gf ra‘B?{} %@@E’( s(l%écﬁﬁg‘éi ggetol phenwb phggyiplving s
hydr ogen, \Jﬁ@&h}d\c vl RyCIr-0XyoreiniishikAWhefédhe iyl YCI-08 @R the b esall v, at

| east one of Va, R%a and R2a is a heteroaryl conprising diazolyl,
az

triazol vl substiued |UPI%0 SYoHpdependgnt, (Ch,Céﬂ alk5.athprein the heaylyr theipBesybofol yI

thiolvl, dl\em fa[}cw dantbe su Zstlltﬂt\éli as gglrt]e%i% ove. 3f’lrefcrably n is zero. Preferably, RI3 s
20 hydrogen. Preferably, R4 s hydrogen, methyl or hydroxymethyl and R is hydrogen.
Preferably, at least one of R*2, RY3 and R22 is a heteroaryl cc;mprising diazolyl, triazolvl,
tetrazolyl, thiazolyl, isothiazolyl, oxazolyl, isoxazolyl, tﬁiol_vl, diazinyl, tnazinyl, benzoazolyl,
benzodiazolyl, benzothiazolyl, benzoxazolyl, benzoxolyl, benzothiolyl, qumolyi, isoqﬁjnolyl,
benzpdiazinyl, benzotnaznyl, pyn'dyi, thicn&l, furanyl, pyrrolyl, indolyl, isoindoyl or pyrimidyl.
25 Preférably, R! is -0-R8 or -S-R8*. Preferably, the sccond bridge between two of RX3 RY3 and

RZa (of Section (Zi“)(d)(i.)) is L, and satisfies the followiﬁg formula:
L

LA



benzodi azol yl, benzot hi azol yl, benzoxazol vl, benzoxolyl, benzothiol yl,
qui nol yl, isoquinolyl, benzodiazinyl, benzotriazinvl, pyridyl, thienyl,
furanyl, pyrrolvl, indolyl, isoindoyl or pyrimdyl. 25 Preferably, Rl is
-0-R8 or -S-R8 *. Preferably, the second budge between two of Rxa, RYa and
R2a (of Section (21"")(d)(i.)) is L, and satisfies the followng fornula: L
A -9- wherein A and B aré aryl or heteroaryl groups of Rxa and R
respectively. Preferably. Rya-Rxb-. Rya-RYb- and X form 21 R .~ BY
vv_her eirn Y | \%c?qirpﬁra.p@g a@ﬂ'qefj h&t@l’OB’_\'llgrQNps%f ﬁkf_ng'ldq{-‘@r re_gbel?'(bvle@'. Mgalg{ a
nitrogen that is bonded to R1 5 and wherein R21 either (i.) conpletes a
si ngl e bongxd-R¥kj RY2-RWIL aad Xlfomr: heteroaryl rings of Rx and RY, (ii.) is (C
1-C2) al kyl ene or al kenylene, ;y(iii.) is sulfur or (iv.) is oxygen, and
wherein Rx and RY can be subgtituted as set forth above. Preferably, R21 -
is CH2CH2 or CH=CH. Pre oy he al kyl enedi oxy substitution of Rxa,
Rya, R2a, Rg, Rr or as folljows:N\OO or OO 10 wherein the
al kyl enedi oxy can be fituted witBJup to two i ndependent (C 1-C3) alkyl.
A and ARya together can be substituted with
up to six substituents, R2a;yRq, R and Rs can each be substituted with up
to 3 substituents, and wherein the presence of each of Rgq, Rr or Rs is
consi der ed whegirb¥ti§ 4 carbanrbondedtnB! be s pisgtt pudpuble hgndsdrraundttagerethafis bédded ota and

R2a. Preferably,.acﬂhenyl.of R3 is substituted with up to three
subst i t lemnd whessingdR ef siherd-y compistes @ sigls baed findang sveypryl erdeterpapyl pegseof Riiand ner

br ot of abl yRai BTG GA) Ry egreRE St iy o Rk BRI ISR AT

phar maceutgeal, b%qn%aa}tédiaﬁge&mdo@é. etBraBh RT3 CFBlok CHRe s -8R LkL6!

excipient. Preferably, t conpound of the conposition 1s present "h an

effective gMOWALLLBLy su%lt)mﬁJneu?tRixﬂ,glﬁf Rﬁ 2‘4?@* 418 isEARRNT eni a, 20 (2)

enhancing treating or preventing denenti’a,

D O

10 wherein the alkylenedioxy can be substituted with up to two independent (C1-C3) alkyl.

{n one preferred embodiment, R¥2 and RY3 together can be substituted with up to six
substituents, R23, R4, Rf and RS can each be substituted with up to 3 substituents, and wherein-
 the presence of each of R4, Rf or RS is considered a substitution to the respective ring structure of

RXa RY2 and R23. Preferably, a phenyl of R3 is substituted with up to three substituents.
15  Preferably, the compound is an optically pure enantiomer (i.e., at least about 80°/o'eel, preferably at -
least about 90% ee, .morc preferably at least about 95% ee). Preferably, the compound is part of a
_pharmaceutical combositio_n comprising a pharmaceutically acceptable excipient.  Preferably, the
compound of the composition is present in an effective amount for:
(1) treating or preventing schizophrenia,
20 : (2) enhancing treating or preventing dementia,
- (3) treating or preventing epilepsy,
(4) treating or-preventing spastici_ty,
._(5) treating or preventing muscle spasm,

(6) treating or preventing pain,



(3) treating or preventing epilepsy, (4) treating or preventing spasticity,
(5) treating or preventing muscle spasm (6) treating or preventing pain,
-10- (7) preventing neural cell death after stroke. (8) preventing neural
cell death in an animal suffering froma neurodegenerative disease (9)
treating or preventing nood disorders sy h as depression, 5 (10) enhancing
menory or |learning, or (11) treating or greventi ng | earning disorders. In
anot her enbodi nent, the invention provides a nmethod (1) of treating or
preventing schi zophreskering oagelcsil Agteafies niiose-eri ng a schi zophreni a treating
O e e Eh RPN BRI el RO O
preventi ngliseiskecti ve anount of a corrpound (3) of treating or prev_ehti ng
cPL Lepey comprt o o AU BSH SR SPLAER L Bpling or preventing
conprising adm ni s(&nuﬂgnan§x|aaﬁdwetle§ani‘x1geﬁtl ng or preventing effective
anmount of a conpounﬂ 5 treatin ﬁventl ng muscl e spasm conpri si ng
adnini stering a 2 frgat 85?1531"?‘8%&? 6?1‘5 Y¥enting effective amount of a
corrpotmd t(6) Qﬁaﬁdﬂfé@%xhﬁ&it irf¥nt, g?m\?aﬁénrwod&s ?%le?xo&@l%k‘ir@duﬂ@o@ﬂ@ﬂ)eﬁﬁ@t ering a
pain treating or preventing effective anount of a conpound

prevent i ngeiHERhmsnia cNPrising 88 2 SEHZORRRID ARG PriRjevsamRAg Bt pmepnkofeur al
o al ol BEURR PG BhES reAb forfrCOUUAMM kP e MBI 0
( 9%1 t r Kt iongreymtipg effestivei ampuntobd ctﬁ,}m@@@f Sngeting @5 prdeqoriesepilepsy c‘(rdmsmg
enhanci ng | n:ng

di sorders, Q%@%E)%‘f‘g gpqlg%s@alggmﬁ%g eri n"éé éfﬁc%él‘ﬁo%%lr?t% e faecgﬁ'? Mn@%ok

treating, oppevemhg Spgst@ity emhanmgmgmmistmgmagmmml mﬁmgfoopnwnan@@ﬁfeeuivea

phar maceut i caII cce e salt thereof. n the substjituents are as

Fer 1 ned~ ABE0 of a SEGERR Aot Bang of Fiitive BiRelerb i Panins ripipive
straight - e:hatlaaﬁsx%ealngmhatemmgg efptive atfoht@If @ Rbrtpouhd) €6)SP &84ting of yre{(dir&@t ed or

prevented is associated with epilep stroke, head trauma, mnultiple
scl erog pagspmpnsingAdguisionng.a P&F“Ef?%’édwéfv‘"lﬁf‘%? Yﬂ3§“°“{“t?éa°°mp°“"d- Y

neur odegenRepatdnufy kel aaRichihQattkoRbcofiprifliiaiiiiQetiigS bhah@ll Hedth frettnfiRAS e,
mul ti-infarct denmentia, AIDS denentia, Parkinson' s disease Hunti ngton's

di sease, &REHT HPIHNECY agomPqynds (8) gt preyentingnewral osil death inoa apmal suffgang o p as
- can resul thedBdeghRHtiON@ b () udBHe b} preventing mood disorders such as depressnon, (10)

enhancing memory or learning, or (11) treating or preventing learning disorders, comprising
20 administering an amount effective for said treating, preventing or enhancing of a compound of

formula XI or a pharmaceutically acceptable salt thereof, wherein the substituents are as defined

above. except that R25 differs from Rl in that it can be a straight-chained C4 aliphatic group.
Prefcfably, the spasticity treated or preventéd 1s éssociated with epilepsy, stroke, head trauma,
multiple sclerosis, spinal cord injury or dystonia. Preferably, the neurodegenerative disease treated
25  or prevented is Alzheimer's disease, multi-infarct dementia, AIDS dementia, Parkinson's disease,
. Huntington's disgase, amyotrophic lateral sclerosis or stroke or head trauma (such as can result in
* neuronal cell death). '
[n another embodiment, the invention provides a method of synthesizing a compound of
the invention comprising:

30 A) reacting a compound of one of the following formulas



I n anot her enbodi nent, the invention provides a nmethod of synthesizing a
conpound of the invention conprising: 30 A) reacting a conpound of one of
the following fornulas 1) 2R Rx ~X-RlL R wherein L | is a nucleophilic
substitution |leaving group, with a conpound of the formula 5 2) R3 R4 R4-
NHR or B) reacting a conpound of the formula 1) JR 2R Rx NH X R RY
10 with a conpound of the formula 2) R4 L2 R4 R5 wherein L2 .is a

nucl eophilic substitution | eaving group. |In another enbodi nment, the

i nvention provides aynmethod of synthesizing a conpound of 15 the invention
conprising: A reductivelyzglkylating a conmpound of the fornula 1)

\ L

R*— X —— R1 -~
RY

. wherein Llisa nuélcophjlic substitution leaving group, with a

compound of the formula

5 2)
r? R*
N R
/
H s
or B) reacting a compound of the formula
)
R
2 . \
Rx\\ NH
X ~r ‘/.
RY
10 . with a compound of the formula
. )
. y
&
L? R
RS

, wherein L2isa nucleophilic substitution leaving gfoup.
[n another embodiment, the invcntion'proyides a method of synthesizing a compound 6f
15 the invention comprising;
A) reductively alkylating a compound of the formula
1)

with a compound of the formula



Ra HZN R R5 with a conpound of the fornula 12- 2) RR R H C XRO Rr
where R 1* differs fromR 1 in that it |acks the carbon that is part of the
illustrated aldehyde carbonyl, 5 OR B) reductively al kylating a conpound
of the formula 1) Rx R2 NH2 XR Ry wth a conpound of the formula 2) R
.10 R5 In another enbodiment, the invention provides a method of

synt hesi zi ng a conpound of the i nventipn conprising reductively alkylating
RINH2 with a conpound of the formula OR3 R )LRXRS 27 aR R wherein Rd
and Rc are |ndepend§?tly the sane as defined for Rx, and wherein R27 has
the sanme 15 definition as RI except that it does not include a nitrogen,
oxygen or sul fur and doeghquzlnclude any doubl e bonds conjugated with the
above-illustrated carbonyl ’/,C\\

RY
. where R differs from R! in that it lacks the carbon that is part of the illustrated

aldehvde carbonyl,

5 OR B) reductively alkylating a compound of the formula
Y

\/ NH,
gl

RY

with a compound of the formula

o) =<
10 | R?
[n another embodiment, the invention provides a method of synthesizing a compound of

2)

the invention compnsing reductively alkylating RdNHz with a compound of the formula

]
RC)LR/N s
27 ><
g RY

. wherein R4 and R€ are indcpendently the same as defined fo} RX, and wherein R27 has the same

IS definition as R} cxcept that it does not include-a nitrogen, oxygen or sulfur and does not include
_ any double bonds conjugated with the above- |Ilustrated carbonyl. '

[n another embodiment, the invention provides a method of synthesizing a compound of

the invention compnsing reacting RfOH or Rf*SH with a compound of the formula

.|_5 R

N
R 27
4

' R
20  to forman cthef or a thioether, respectively, wherein Rf and R are independently the same as

defined for RX, wherein R27 has the same definition as R! except that it does not include a



I n anot her enbodi nent, the invention provides a nmethod of synthesizing a
conpound of the invention conprising reacting RROH or RUSH with a conpound
of the formula L5 3R RNXRs R 27. e RR4'" 20 to forman ether or a

t hi oet her, respectively, wherein Rf and RU are independently the same as
defined for Rx, wherein R27 has the sane definition as Rl except that it
does not include a - 13 nitrogen. ox-geh3er sulfur and does not include any
doubl e bonds at the atom bonded to the above- illustrated L3-substituted

car bon andutwiger. ekvyged or sufureand dedseophicilideCans dBslld Bddlid Qihd LY blEe Do WrboTe
met hod of claim 28_ further conprising synthesizing the conpound of fornula
L5 3R Ri Nifestrated L)qubsiquied carben 4ngd wheysinde) ing ntdleophijid swsytutiof lefvarergibup. 3 OH R

RS /NR R'"Y- Rl R MdN t nucl eophilic. substitutiaon_|eaving
group. Preferably, the d%p%ég“ggﬁﬁﬁﬁééém?%g& fﬂﬁh3””¥6ﬁﬁﬁﬁﬁﬂ"ﬂPfﬁﬁ?ﬂﬁla 3
OHRRs /NR 227 R4~90 R& with an azodicarboxvlate in the presence of a

phosphi ne conpound. /L\\ \
N
R/

RS
RC 27 ><
o

5 by replacing the hvdroxyl of formula

with another nucleophilic substitution leaving group. Preferably, the method comprises reacting a

compound of formula

with an azodicarboxvlate in the presence of a phosphine compound.

[n another embodiment, the invention provides a method of synthesizing a compound of

the invention compnising reacting R®M with a compound of the formula

o) R3
Jo b
R TRT\ &S

I5  to form a compound of the formula

OH RJI

]
N
R” ><:R5
R¢ 27

4R . R"
, wherein R® is independently the same as defined for R",- wherein M is a mctal-coniaining

substituent-such that R®M is a organometallic reagent.

In dnother embodiment, the invention provides a method of synthesizing a compound of

20  the invention comprising dehvdrating a compound of the formula



I n anot her enbodi nent, the invention provides a nmethod of synthesizing a
conpound of the invention conprising reacting ReMw th a conpound of the
formula OR3 R~R s 27 4R R4~ 15 to forma conmpound of the forrmula RO
OHR3 |1 RNR5 Rc 27 4R R4. wherein Re is independently the same as
defined for Rx, wherein Mis a netal-containing substituent such that ReM
is a organonetallic reagent. | n anot her 1dnbodi nent, the invention provides
a nmethod of synthesizing a conpound of 20 the invention conprising.

dehydrating a conpound the formula - 14 e H3R RI1 ~R-N R5 R 28 4R
R4. to forma conpo of tlhe fornula Re R3B NRS 101 IN el Rc 28 4R R4
R/ N RS
R¢ 28
4R R4'

to form a compound of the formula

RS

wherein C* (the tertiary carbon marked with an adjacent “*") has a double bond with an adjacent

5" carbon, R28* and R28 have the same definition as R except that R28* and R28 do not include a
heteroatom.
[n another embodiment, the invention provides a method of synthesizing a compound of

the invention comprising reducing a compound of the formula

\Nn

10 wherein C* has a double bond with an adjacent carbon and R€ is independently the same as

defined for R¥, to form a compound of the formula

3
R
R, \ ' _
N :
R¢ 28
4R R4'

_ [n another embodiment, the invention providés a method of synthesizing a compound that
~ can be used to synthesize the compound of the im)em.ion, the method comprising synthesizing the
15 compound of formula:

.o _ ?3 |
' ‘N
R 2R7 R5
) R"

with a compound of formula



wherein C (the tertiary carbon nmarked with an adjacent has a doubl e bond
with an adjacent 5 carbon, R28* and R28 have the sane definition as R
except that R28* and R28 do not include a heteroatom |n another

enbodi nent, the invention provides a nethod of synthesizing a conmpound of
the invention conprising reducing a conpound of the formrula R3 Re / /N RS
R 28* | "Ra. 4R 10 wherein C has a dddbl e bond with an adjacent carbon
and Rc is independently the sane as defined for Rx, to forma conpound of
the formula 3R ' 1-1 N X Rs R 28 4R R4. In another enbodi nent, the

i nvention provides §§Zef®€d of synthesizing a conmpound that can be used to
synthesi ze the compound of it he invention, the method conprising

synt hesi zing the 18" conpound of formula: 0 R N Rc R5 aR R4. with a

conpound QLhEQ&HkL@jéﬂ@ﬁm@aR 27 R L_3 wth a. conpound of fornmula R3

RJ

|

HN

RY
R
, wherein L3 is a nucleophilic substitution leaving group.
5 In another embodiment, the invention provides a method of symhesizing of a compound of

the invention, the method comprising reacting a compound of formula

with Ar-Q wherein Ar is aryl which is substituted with an electron-withdrawing group or
heteroarvl which is substituted with an electron-withdrawing group, and wherein Q is halide -

10 (preferably fluoro or chloro), to form

In another embodiment, the invention provides a method of synthesizing a compound that
can be used to synthesize the compound of the invention, the method comprising synthesizing a

compound of formula X:

15 . R



HN R4 R4 sR wherein L3 is a nucleophilic substitution |leaving group. 5 In
anot her enbodi nent, the invention provides a nethod of synthesizing of a
conpound of the invention, the nethod conprising reacting a conpound of
formumla OHR3 , | RS R ze R4&. R4 with Ar-Q wherein Ar is aryl which is
substituted wth an el ectron-wi thdrawi ng group or heteroarvl which is
substituted with an el ectron-withdrawr group, and wherein Qis halide 10
(preferably fluoro or chloro), to formAr %% OR31 RR NR RRA. R4 1In
anot her ephoditnentompduad ffo@ndd-on provi des a net hod of synthesizing a
conmpound that can be used £ synt hesi ze the conpound of the invention, the
met hod conprising sy hesi gi n conpound of fornmula X2 Rd~ /SQ2Ar 3R Rc
R28NR4. 15 R4 X 16- b§ ct| ng a conpound of fornula: R3 '

with RdNHSOzAr. The method can further compnse converting the compound of formula X to:

Rd
\NH 3R

5 [n another embodiment, the invention provides a method of synthesizing a compound that
can b-e used to synthesize the compound of the invention, the method comprising reacting a

compound of formula

HO,

Rza
N\
RC L3
with a compound of formula

R3

HN

10 R

to form a compound of formula

3
on . R
I R®
N
o P \F
: 4
R® 28 R
R‘

In another embodiment, the invention provides a method of synthesizing a compound that

can be used to synthesize the compound of the invention, the method comprising synthesizing the

15 compound of formula:



OHI RS /-NRc 8 R R4 wth RINHSQ2Ar. The method can further conprise
converting the conpound of formula Xto: d RNH3RR5 Rc 28~ R4 R4 5 1In
anot her enbodi nent, the invention provides a nethod of synthesizing a
conmpound that can be used to synthesize the conpound of the invention, the
met hod conprising reacting a conmpound of formula HO~R2a Rc L wth a
conpound of fornmula R3 HN R4 R4. 10. sR,_to forma conpound of fornmula R3
OHRS Rc 8 R4. R4 In another enbodi ment, the invention provides a nethod
of synthesizing a conmﬂundehat can be used to synthesize the conpound of
the invention, the t hod éonpﬁising synt hesi zing the 15 conpound of
f or mul a: o R” -

RS 27 R

R4

said synthesis comprising reducing the ketone of a compound of formula

-5 BRIEF DESCRIPTION OF THE DRAWING

Figure | depicts several reactions that can be employed in the synthesis of the compounds
-of the invention. | _
Figure 2 depicts representative syntheses utilized in making compounds of the invention. |
Figure 3 shows additional representative syntheses utilized in making compounds of the
10 invention. o '
ngure 4 shows additional representative syntheses utilized in making compounds of the
invention.

DEFINITIONS

The following terms shall have the meaning set forth below:
() * excipient
Excipients are phaﬁnacetltically acceptable organic or inorgahic carrier substances
suitable for parenteral, énteral (e.g., oral or inhalg_xt_ion) or topical application that do
not déleten'ously react with Lhe‘active compositions. Suitab'le phammaceutically
acceptable carriers include but are not limited to water, salt solutions, alcohols, gﬁm
20 _ arabic, benzyl alcohols; gelatine, carbohydrates such as lactose, amylose or starch,
. magnesium stearate, talc, silicic acid, hydroxymethylcellulose, polyvinylpyrrolidone,
and the like. |
¢ effective amount
The meaning of “effective amount” will be recogmzed by clinicians but includes -
25 ' amount.eﬁ'ective to (1) reduce, ameliorate or eliminate one or more symptoms of the
disease sought to be treated, (2) induce a pharmacological change relevant to treatin_g
the disease sought to be treated, or (3) prevent or lcsscﬂ the frequency of occurrence

of a disease.



-17- HR3 1 RS NR RR4 R4 said synthesis conprising reducing the
ketone of a conpound of formula R3 Ol R5 NR 227 R4'. R4 5 BREF
DESCRI PTI ON OF THE DRAW NG Fi gure | depicts several reactions that can be
enpl oyed in the synthesis of the conpounds of the invention. Figure 2
depicts representative. syntheses utilized in making conmpounds of the
invention. Figure 3 shows additional representative syntheses utilized in
maki ng conpounds of the 10 invention. Figure 4 shows additional
representative syRt,RERIga i Hedtk BrhviAlidgBKi ng conpounds of the invention.
DEFINI TIONS The followng terns shall have the nmeaning set forth bel ow

15 exci pi ent ExcNpireral sellleath phmraverteding therk Isy radiseqt iaicamonmgaficetl dedth

i norganic carriery ; ' . ral., .,enteral (e.g., oral
or inhal ation) or[ht§ %kgﬂﬁlfmgg%elni%g%{c?gIhoel%%g{mgggaeﬁuﬁ)?mgleelag?’ ern ous I°3(§ *react with
the active conpostaniponsd of She inggblien. phar naceutical ly acceptable carriers
includg but are thox+ Lurﬂisgit%ﬂoto water, salt solutions, alcohols, gum 20 a.
rabi c, "benzyl al cohols, "gelatine, carbohydrates such as |actose, anylose or
'starch, magnesi uRefetenas ataxp ab al'wmpstdudnt aefer @CEQ; subytitapay et hyl cel | ul ose,

pol yvi nyl B%HIAQLEBO&ESCquON]_e i ke. |

The compounds of the invention are generally prepared according to one of the following

synthetic schemes, although-alternative schemes will be recognized by those of ordinarv skill.
10 Reaction |

- RY .
X
. R \X/

R3 R*
zR\ L1 .
) R
Rx\X—R1/ + /N
{ : H
RY \ . RS
R? R*
L~
S
R RS
<\ ~
R ~X
\
RY
Reaction 2 ' . .
JR ) R‘ . R‘

2R . \ . . ) 3R
el R A | \ R

\X V4 + L2 : e N .

/ ~g! ZR' \
. ) Rs R‘ RS .

RY
In Reaction | or Rv_:action 2, Ll and L2 are good nucleophulic substitution leaving groups such as
15 a halide, especially a bromide, a tosylate, a brosylate (p-bromobenzenesulfonate), and the like.
* The reaction is preferably conducted in the presence of a base such as potassihm carbonate or.a.
teniar_v amine such as djisopr'op_vlcm'_vlaminc. Where the leaving group is a-halide, the reaction is
v preferably conducted in the presence .of an.iodidc salt such as pofassium iodide. Suitable organic

solvents include; for example, methanol, dioxane, acetonitrile or dimethyformamide. Reaction | is



effective anount The neaning of "effective amount” will be recogni zed by
clinicians but includes. 25 anount effective to (1) reduce, aneliorate or
elimnate one. or nore synptons of the disease sought to be treated, (2)

i nduce a pharnacol ogi cal change relevant to treating the disease sought to
be treated, or (3) prevent or |essen the frequency of occurrence of a

di sease. - |s- neuronal cell death prevénti on Neuronal cell death is
"prevented" if there is a reduction in the amount of cell death that would
have beenmexprctadudil MaV@nREGLE Fagk Slubofta0°d Rebad ToERCS tieakior (Of a
conpound of the invention. 5 o0zo substitution References to oxo as a
"subst i t uerarably egnductedmt a faurpegtise fangeRfiabers | 3°(OEPAPY EOF DESORIR Thahb e vited
conpounds i ' r Ly - di ne of the
Fol | ow g esyiifs MASRLILAR B G bl ARALRH REERE I bty B

recogni zedilbylltr¢vogmzeghat geadiierad shosikibk kondi@edRedttompauntls B3t ek AR\ | R4- L
Re~X -RlL # HNRY RS R3 R4 RA N2RR RS R'x7 RY Reaction 2 3R R4 R4

Rd
Rﬁ\\ /Rz g R*
c HN
X \R1'/ ==o + ?
RY/ Rs
\ y
R\, R? .
\ / H R
X —— Rl.__._.c/
/ & 5
RY R
Reaction 4
R” R2 R ) R* R? H R4
\/ NH2 | O% e \x/ /N H
/X \R/ + : /s / R .
RY ) : RY RS
10 [n Reaction 3, R1* satisfies the definition of R! except for the absence of the carbon that

ts part of an aldehyde groﬁp in the starting matenal. The reductive alkylation of Reaction 3 or
Reaction 4 can be effected by several known methods (see, for example_, "Reductuve Alkylation,"
W .S. Emerson in Qfgam‘c Reé'ctions, Vol. 4, John Wiley & Sons, 1948, p. 174 ef seq.) including
réaction with hydrogen in the presence of a catalyst such as palladium on carbon, reaction with
15  sodium cyanoborohydride or reaction with sodium tn'acetoxyborohydride when groups labile to
catalytic hydrogenation are present. It will be recog:mzed_tha_t an intermediate Schiff's base is
formed in the reaction, which Schiff‘s base is reduced to fog'm_thé linkage. The intermediate’
Schiff's base can be isolated and then reduced in a scﬁamté reaction. Solvent selection will vary
-.w_itﬁ such factors as the solubility of the starting materials, the degree to which the solvent favors
20  the dehydration reaction forming the Schiff's base, and the suitability of the solvent in the
reduction process. Suitable solvents using catalytic hydrogenation to reduce the Schiff's base
include ethanol. Suitable soivents using a borohydride to reduce the Schiff's base include alcoholic

solvents such as methanol or ethanol. In some cases, a drying pfocess can be emploved duning the



23RRR " NH2 RAR4A- X R~ ~-~2RI RYy RSR RS R \ Ry In Reaction |
or Reaction 2, L | and L2 are good nucl eophilic substitution |eaving groups
such as 15 a halide, especially a brom de, a tosylate, a brosylate
(p- bronobenzenesul fonate), and the like. The reaction is preferably
conducted in the presence of a base such as potassium carbonate or a
tertiary am ne such as diisopropylethvizmne. Were the | eaving group is a
halide, the reaction is ' preferably conducted in the presence of an iodide

salt suCh.as;0Re FSmbid e RN dERIon BULLARhA (ARG ChifSYaVaRLSs leiicbdidcnfor
exanpl e, nmethanol, di oxane, acetonitrile or dinethyformam de. Reaction | is

19- f avor ditving peesprdescinaefeaefluging angns candifions fetpalge loORMAISOIRErS0 € 8450ERO9T  100C.

Reaction g.is. oef@) e SRUMLE HR ShotagBnd CHRERT r@rg&sean% AR SC tO

about 400.3\6,&\?/eocffc?|?oxe§£l?r€4rleee‘?revat ed ot ear%per'atur es ﬁgﬁ%ﬁ‘s} ecr ease t(#e

- f or mat i onrange Bietd abduo2RFIC ta kheytthixi tempaoatad W€ the solidnbgaplafedor di nary  skill will

recogni ze that reaction 2 should be %Qn_duct ed with conpounds thgt | ack ring

C. 5 Réaction & Repctques. fovein Fignrepq R® ¢ ipdependpgglypthqramgas defingd RaR™ Thr C Ry
H2 RS Re?tgrtﬁ'ng{%at%nﬁ\l can Bgsyﬁ@e@ed%o%st%ég?uség Mexﬁisg' L%a&onﬁ?%’siﬁilaﬁo RS/

" Reaction 1), as follows:

Reaction 13:

R3

Al st
R + .
\

10 . wherein R27 has the same definition as R ! except that it does not include a nitrogen, oxygen or

sulfur and does not include any double bonds conjugated with the above-illustrated carbonyl, and
wherein L3 is a good nucleophilic substitut’ionleaﬁhg group such as a halide, especiaily a
bromude, a tosylate, a bros'ylaté (p-bromobcnzenesulfdnate), and the like. In Reaction 5 shown n

Figure l,_Rd-NH2 is reacted with 1 to give Il under conditions that effect a reductive alkvlation, as

1S descn'bed.for Reaction 3 and Reaction 4. RY is independently the same as defined for RX.
.Altcmatively, IT can be synthesized vié Reaction. 18 by reacting Rd-NHz with VI under the
conditions descnibed for Reaction 1. |
In Reaction 6, shown in Figure 1, R€ is independently the same as defined for RX. [n
Reaction 6, [ is reacted with a organometallic reagent such as an aryllithiurh or an aryl or arylalkyl
20  Grignard reagent to form II1, as described, for instance, in Section 5.1.2 of Cary and Sundberg,
Advanced Organic Chemistry, Paﬁ 2, Plénum, New York, 1977, pp. 170 -180, and refefences

cited therein. This reaction is described beldw in more dctail_ for the synthesis of compound A32



Ry Ry R5 10 In Reaction 3, R satisfies the definition of RI except for

t he absence of the carbon that is part of an al dehyde group in the
starting material. The reductive al kylation of Reaction 3 or Reaction 4
can be effected by several known nethods (see, for exanple, "Reductive

Al kylation,” WS. Enmerson in Oganic Reactions. Vol. 4, John Wley & Sons,
1948, p. 174 et seq.) including reactizoan with hydrogen in the presence of
a catal yst such as palladiumon carbon, reaction with 15 sodi um

cyanobor ohyd C Xyh h en groups
| abi | e tdsr\é%éf’ Eﬂ“pée W dﬁﬂggsé:r?a [ldgﬁ%asggp\qltebséﬁtg l%td%t[ X‘v&%‘? %gsr*%geo%\ﬂl zed. that
an i nt er nRdlideé & &SGRl thd @rgh@menalls reafgem nmd ream didethe et igranp;, inthose bucBeie§ f s base

is reduced to for d| ate Schi ffs base can be
o et ot A P e i B o E R orSiPhEhDe BREETR. S 1
vary W tdgessi®btidhidmicas e asiedhe sol ubility of the starting materials, the

degree_to which the salvent favors 20 the dehydratijon reatcgoi agﬁform ng the
Schi ff3s base, [nfsactiond. Sarp duiigwey. Bf isshede © senditiops supfable for gehsdratip to

process. o &,@Qwé&?}n&@ﬁhﬁ Sith ROndeRingh ! fof inbileOBsRALIcABLdliPHT RAlGA, t he
Schiffs base include ethanol. Suitable solvents using a borohydri de to

reduce t hBerSEhit34 & st K9 12 evhergie T lé(ﬁ‘ﬂ@?“?dc“‘%@wygdﬂéﬁlch l‘éf‘s""l'ﬁé‘?h%é‘ie or

et hanol . I n sone cases, a drying process . . he - 20
react i on doyb ﬁP%‘h"DfP'é“St‘?‘ig‘ ‘B%W%‘tc?g’ﬁ“ P‘@ﬁ‘c"rf Bﬁ?ﬁ r‘T'Bllﬁ%&dd‘?”ﬂ h“%‘ base

t hat |sreued N I ’ nh2eondi tions
sel ected Y one'%"o" Whereadé %ﬁ&é?ﬁéoﬁ?@gé&tg{r&l\&ﬂﬁxg ‘%;Jg% Jf'“QgUFIeSOSIRar QSI;I eves or
ot her 1dr yslaﬂgatéceﬁxgemt fally Sibsdtated cbur ethartanematianspepassiniedcpendoigwdthet he range

from about 20C to the reflﬂLe% tenperature of the solvent enployed. 5 In
React i on ®mpshiavrofiRG, R gpdrRe’1, Rc is independently the sane as defined for

Rx. The Sta”Rfea H%%%fg,%}w nin FiRth helwsr}&n.%aim \v%m%m:@n&ﬁg $£Rg the

chem stry of ron 1 fo Reaction , eact ion 13:
0 R4 R3 numbeRdf knidivn RtRods & n‘edd_chgREerRthon double bonds such as catalytlc

~ hvdrogenation in the presence of an appropriate hydrogenation catalyst. An example of this

15 process is described below for compound A4 (Example 10).

In Reaction 9, shown in Figure I, Il is acylated, for wnstance, with acetic anhydnde in the
presence of an acylation catalyst such as 4-dimethylaminopyridine. [n this cbntcxt, R3 'should not
be hvdrogen, though a hydrogen substituent can be restored to this posttion after Reaction 9 by
using a suitablé prétecting group to mask the nitrogen.

20. [n Reaction 10, shown in Figure |, the ketone moiety of I is reduced, for instance by any
of a number of' known methods for selectively reducing ketones, such as reaction with lithim
tri-rert-butoxyaluminohydride. An examplé of this process is described below for the preparation
of compound Aﬁl (stci:) 1 of Example 8A).

For Reacﬁon 11, shown in Figure |, the hydroxyl’of VIl is replaced by a_lcaving group

25 L3, wherein the leaving group is, for instance, chloro or bromo, by reacting VII with, for instance,
thionyl chloride or thionyl bromide. An example of this proccsé is described below for the

preparation of compound A31 (step 2 of Example 8A).
For Réction 12, shown m Figure 1, Rfis independently the same as defined for R¥. VIII
is reacted with RFOH in the presence of a base such as potassiun{ carbonate or sqdium\hy'dﬁde.
30 Altematively, the thio—containiné analog of IX can be syﬁthesized by reacting VIII with RISH.

An example of this process is described below for the synthesis of compound A31 (step 3 of

Example 8A). The transformations of Reactions |1 and 12 can be conducted in a single pot, for



L+R4. O R27 RS RC 10 , wherein R27 has the sane definition as R | except
that it does not include a nitrogen, oxygen or sulfur and does not include
any doubl e bonds conjugated with the above-illustrated carbonyl, and
wherein L3 is a good nucl eophilic substitution |eaving group such as a

~ halide, especially a bromde, a tosylate, a brosylate

(p- bromobenzenesul fonate), and the | "/Ré- In Reaction 5 shown in Fi gure
|,.Rd-NH2 is reacted with Ito give Il ,under conditions that effect a

reduct i ve MRRSFIPX R ikzunchy re“fSO‘H%‘%i‘% daerbedin Femples Hn %epah@dﬁ@aétepdn 4. Rd is
i ndependemtkr}iad»@ﬁ $ANBL 6Sdifkedly ReGed \Gfh @‘anl%l‘id@ P@ﬁlﬁ}{ refe ablacdﬂQnt?e

synt hesi zed via Reaction 18 by reacting Rd-N er the
condi t i on8uefuis ef ¢hirade fto formdXe sychps & dcﬂcnbﬂeaélts Fated, chshn)\hﬂfﬁ 43r7 ahdgure 1, Re

i's indepegdgnkdey [f 08 RU® 446t l\ﬂﬁ:gll\f L a&(ha]l Féqlfsﬁ(?lena[ﬁls rAtkion mljfrxpg:lg{l eact ed

with a organonetal I'ic reagent such as an ar lumor an ar
aryl al Ryl hav2@n Eritpnanidtidreagenupttiot foilmatdsithe reasnodeamdshedﬂud‘rmﬁemwst @fee, in

Secti on nd ndber dvanced . em str Part 2,

o onum NEQUE g P08 PSRRIt A0S LGP Bl ISR net erBe n. i s
reaction ﬁSediemrﬂube;dsubﬂinnw diri, i5TE elect@inairthdfatingtggupsynt hesi s of conpound
A32 21 (step 2 of Exanple 5A). Those of ordinary skill -,%11 be aware
that in sonme clseactghnt? dRE fedcm-lwﬁd@%%,@treqyieldKeamegta'rbodrﬁira*dnipdz ineagent
may react wth g(?g ester oup in those such cases where the Meld of the
desired pFSR3G.Stepdo In “OL"HQ £81 spurrtcd 1@ Hesdesgabrdntor srample, dagamte or t he
ester 1gubgtidyion can be vaned 5.1n Reaction 7, shown in Figure 1, IIl is

subjected to conditions suitable for dehydration to formthe doubl e bond
of |v Such coftdumbeses otpravellrkgown agtthetie appredshes sanjessapplidsie dFor msthhce asgds| and,

Ber . Afbe FrmS S0y nk hotkctlsis AR Bhspbbding SnetLAMKEGer W%LJEJA AGELIGAphydri de.

I n the | | lustration, the dou acent cambon at om
of R27. meﬂamn@fbomdwwewndmymmwammc&nA winttier bfdosble boreitoatainig Wher e Rc

and Re ar [ he ad] acent c rbo f 7.,0s 10
sat ur at ed"ea 4 dg)?a'\‘ Ei]RSr gg'ﬁ%? f"é ° BUEPS ‘{]aﬁleéﬁ%"'%ﬁé’"ﬁg‘g@?m e
dependiSngefahe anomerpo&anw fonncﬂffroﬁcme Rﬁrcﬁpﬁi&dﬂg ?emah—yl mﬁegdﬁtbiy(kno& m&h&wn in

Fi 1, 1V duced to f v t _nunber of
nown et hods. FRoPoT BHTR RGP ERT BE LR b EBRb o e B fandh et | o

hydr ogenasfi pedtedtine g;bepsproqs@emeldefmaaubnaaw O REdcherolipe, rsegem&dcavb galpal yst. An
exanpl e _Olfncgr{)]clnated into heterocyclic nings or attached as substituents.

Compounds of the invention may also be prepared by adapting the classical solution
20  chemistries outlined above into solid-phase svnthetic techniques. For example, Rl3 ,RI5 RI16,

R!7 and R20 can be rcsidees other _r.han hydrogen representing functionalized resin or suitably
selected linker attached to functionalized resin. The linker and the ﬁmct_ional group represented by
R should be stable under the conditions empioy_ed for the above-dcscribed reactions. The
compounds of the invention where RU; RIS, Rl(’, RI7is R20 s hydrogen, are then cleaved from
25  the resin or the linker lcaying the remainder of the .n'lolecule ntact. For example, solid-phase
synthesis of peptoids [oligo(N‘-substituted gl#cinés)] using robotic synthesizer was described by
Zuckermann et al., J Am, Chem. Soc., 114, 10646- 10647 (1992) and Spellmeyer et al.,
WO 95/04072. Under analogous conditions, acylation reaction of Rink amide polyst}rene resin
with bromoacetic acid in the presence of NN’ -dusopropylcarbodxmude followed by.displacement
30  of the bromine with N-substituted amine (Reaction 2) and cleavage can provide N-substituted
glvcinamides (Rl3 and R1% are hwdrogen)

Using the reactions described herein, including hydrolysis of esters, alkylation of amines,

or hydrogenation reactions, the following compounds of the invention have been synthesized:



15 process is described bel ow for conmpound A4 (Exanple 10). In Reaction 9,
shown in Figure 1, Ill is acylated, for instance, with acetic anhydride in
the presence of an acylation catalyst such as 4-di nethyl am nopyndine. In
this context, R3 should not be hydrogen, though a hydrogen substituent can
be restored to this position after Reaction 9 by wusing a suitable
protecting group to mask the nitrogen. 20 In Reaction 10, shown in Figure
1, the ketone noiety of | is reduced, for instance by any of a nunber of
known met hods for selectively reducing ketones, such as reaction with
lithium tri-tert-hutoxyal um nohydride. An exanplg of\ this process is
descri bed Rgl ow f e preparation of conpound (stepg | ©f Exanple
8A). For Reacti on X shown i er{:ﬁure 1, the hyd S W\l)J@ Jepl aced by
a leaving group 25 L8 < P~ the | eavi ng Af ou for instdhce, chloro
or brono, by reactjmq VII wthi=por instance, th chloride or thionyl
brom de. An exanp this ocess i s described wel gw for the preparation
of conpound A3 1 (s+€p 2 of Ekxanple 8A). For Reaction 12, shown in Figure
1, Rf is independently the same as defined for Rx. Viil is reacted with
RFOH in the presen€e\of a base such as potassium carbonate or sodi um
hydride. 30 Alter @ ely, the t@io-containing an of 1 X can be

synt hesi zed by reacti\ng. I NM}J{\RLSH. An exanplNe_¢f thHdp progess is
descri bed B8 ow for the synthesis f conpoungly A31S(stﬁwn EXpnpl e 8A) .
The transformati onS~0f Reactions 11 and 12 can be ¢op fexr i ma anot e
pot, for -22- ins ®~ by a ~\,titzunobu reacti on as described .in
Exanples 8C. Step 1. and 8D. Step 2. AlternativelY Il can be directly
reacted with an aryl halide or chloride, preferably an aryl fluoride or
chloride, to formlIX, such as is described in U S. Patent Nos. 5.166.437
and 5.362.886. | be recogni zed that typicall he aryl halide used in

this reaction wl /.ica||y%5 hgve an el ectron-w j awi ng . gy oup that
facilitategathe react\y on, sugh a trifluoromethy®4r nitro,, greup in the
pars position. |-flugtror T3> also A8table f¥y i SNredgtion,

to the fluoro-substituted ripg(is the elect

wi t hdrawi ng group.
X, as described for exanple in Exanple 8C, Step 1~¥n reaction 20, X is
coverted to Il as described, for exanple, in Exanple 10 8C, Step 2. A
nunber of other well-known synthetic approaches can be applied. For instan
ce, acids -can be med by the hydrolysis of the g espondi ng esters. -
Am ne derivatives be fonqedcpy the allrylatia prinﬁay, secondary
or tertiarggam nes. A nunber{dof jdoubl e bond ntair




conmpounds can be hydrogenated to formthe correspondi ng single bond. The
N- oxi de conpounds 15 of the invention are typically formed fromthe
corresponding tertiary nitrogen by known nethods. 1In sone cases, the

chem stries outlined above may have to be nodified, for instance by use of
protective groups, to prevent side reactions due to reactive groups, such
as reactive groups incorporated into_hgterocyclic rings or attached as
substituents. Conpounds of the invention may al so be prepared by adapting
the classical so ion 20 chem stries outlined .-- into solid-phase
synt hetic techni. For exanpl e, R13, R15, RI16 17 and}RZO can be
resi dues other tharf hydrogemH presenting functi dnaf |zed re r suitably
sel ected I(,l fKer attyehe bronal i zed gfgin. The=h

S d-e.
functional group,represented, R5 shoul d be stghlLé under the condi ti ons
enpl oyed for the

pve-descr i ed reactions. The ounds of ‘the invention
where R 13. R 1 X 16, R 17 is R20 is hydrogen, Nar2 then cl eaved from 25

the resin or the linker |eaving the remai nder of the | ecul e intact. For
exanpl e, solid- phase synt hesios_sz peptoids [oli stituted gl ycines)j
usi ng robotic sy Y§Si zer descri bed by Zuck et al., J. Am Chem
Soc., 114, .1064 O WD 95/04072. Under

99 and Spel | NFX r et Oy
anal ogousmdl t| - yI xtion reactl on o nk am de Lkdroo\/em n
wi th bronmpacetic agyd in the presence of N, N -diig opyIcaT i mde
[ & brom ne with N bst it ut ed Qami ne

w¥lOe N-substituted glycinamdes (R 13 and
R 14 are hydrogen). Using reactl ons descri bed herein, including
hydrol ysis of esters, alkylation of am nes, or hydr ogenati on reactions,
~the follow ng co nounds of the invention have be synt hesi zed: 23 Al 0
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0./ - N ON B17 OO0\ /I B221 F41 - B23 O 00 OFCON I / B29
B24 0O0OINN N p0OO OHFN OO -0aONci B30 B25 Conmpound A 12 is a
bi s-al kyl ati on byproduct of the synthesis of A9 using reaction |I. The
conmpounds of the invention that incorporate =N-0- can be prepared, for
exanple, by alkvlating an am ne (such as sarcosine or glycine) with

O (2- hal ogenet hyl ) al kanone oxi mes, whicly_5 can be prepared by condensing
al kanones wi th hvdroxyl am ne, followed by 0-al kylation (such as wth

1. 2-di hal oethane). It will, be recogni zed that nunmerous salt forns of the
conpounds herein descri befi\are available and suitable for use in the

i nvention or during the g$ynthesis of conpounds of the invention. The

i nvention contenplates t [z Qertaln i nst ances where Sstereojsoners are
avail able 10 that one such| i sdmer can be nore active tﬂqn ano er/l n such
a case,

it will be_desiraghble to isolate
B18 O

B13

B17 ' o |
olke
_ | B22



the particular isomeric form The invention, of course, enconpasses both
the particular stereoisoners and racemc m xtures. As described herein,
chem cal approaches, starting with for exanple comrercially avail abl e,
optically pure starting materials (or nmade using enantiosel ective
reactions), can also used to synthesize optically pure versions of the
conpounds of the invention. 15 It will_pe recognized that such optically
pure conpounds are within the invention. Enantionmeric excess ("ee") can be
‘enhanced by purification techniques such as crystallization or

chr omat ogr aphy on chiral su@ports. Enanti oneri c excess /can be quantitated

- by a nunbeB23 42- anal yticg echniques including ' MR optical rotation
measur enent s and appropri chromat ography. Addition rel at ed conpounds

e
are described i p=two U S. Patent Applications were O concurrently with
a parent heFr3 al ) No. 08/ 655,912 (Docket

17743- 106, 5
Qgnyanov et al. )77 U S.| Seri No. 08/ 65 A G v 743-107,
Qgnyanov et al.), U Serial No. 08/8 ‘ ZAL FOR TREATMENT
OF NEURO PSYCHI ATRI C D NEUROLOGE CAL D » No. 317743- 106A,
Qgnyanov et al.) and U S. Serial No. 08/807, 681 ~{PHARVACEUTI'CAL FOR
TREATI NG OF NEURELOS| CAL - AN NEURCOPSYCHI ATRI JORDERSg ogocket No.

317743- 107A, Ogn@

et al{. 10 In a preferredarbodi nent, at | east one of
t he fol |l ow app S: if 15 is hydrogen and R I is propyliene, then at
| east onemFgE%feraoly &l<tfast two, nore preferably at leasgt three] of the
foll ow ng applies ‘(1) bot\h Rx and RY are not p-fl uoroQhs , (2) one-of

Rx and RY i Jesla he I, (3) RY is arylal GH), roaryl al kyl,
aryl oxy, he af yl oXy, I i
het er oar yl t h~e+ ai yl net hyl

¥ thio,
Ar-CH2-N(R6*)-, (4) R2 is Rxa Rxpy. _
hydrogen, (7) n is one, or ( and R4 formri if R15 is hydrogen
and R1is ethylene or X-R I 1s\rop- | -enyl ene, at |east one 20

[preferably at |&8 two, nore p rably at |east jthree] of the follow ng
appl i es (I)—@ astNone pf Rx and RY i lsubstB3®ed with a
radi.cal differen rom Hydr ogen

heteroaryl, (3) RY is g

) one of RC and RY conprises a
aryl met hoxyB25het er oar

het

(5) R2*l 2 dr og (6) R3 is not

al kyl, heteroarvlal kvl, aryl oxy, heteroaryl oxy,
hoxv, arylthio, heteroarylthio, arylnethylthio,

Compound A 12 is a bis-alkylation byproduct of the synthesis of A9 using reaction 1.

The compounds of the invention that incorporate =N-O- can be prepared, for example, by
.alk_vlating an amine (such as sarcosine or glycine) with O-(2-halogenethyl)alkanone oximes, which

5 can be prepared bv condensing alkanones with hydroxylamune, followed by O-alkylation (such as
with 1,2-dihaloethane).

It will be recognized that numerous salt forms of the compounds herein described are |
available and switable for use in the ixivention or during the synthesis of compounds of the
invention. The invention contemplates that in certain instances where stereoisomers are available

.10 '~ that one'such isomer. can be more active than another; in such a case, it will be desirable to isolate
the particular isomeric form. The invention, of course, encompasses bath the particular |
stereoisomers and racemic mixtures. As described herein, chemical approaches, starting with for
example commercially available, optically pure starting materials (or made using enantioselective
reactions), can also used to synthesize optically pure versions of the compounds of the invention.

15 It will be recognized that such optically pure compounds are within the invention.. Enantiomeric
excess ("ee") can be enhanced by purification techniques such as crystallization or

- chromatography on chiral supports. Enantiomeric excess can be ﬁuzintitated by a number of



25 heteroarylnmethylthio, Ar-N(R6)- or Ar-CH2-N(R6')-, (4) R2 is Rxa Rxb-,
(5 R2* is not hydrogen, (6) R3 is nothydrogen, (7) nis one, or (8) R3 and
R4 formring Q if RBis C(ONH2, then at | east one [preferably at |east
two, nore preferably at least three] of the followi ng applies (1) an aryl
of at |east one of Rx and RY is 30 substituted wth a radical different
from hydrogen, (2) one of Rx and RY _c¢gnprises a heteroaryl, (3) RY is
aryl al kyl , heteroarylalkyl aryl oxy, 43 heteroar |oxy. an | nethoxy.

het er oanl hio, arvlnmethvlthio.

het er oar | 'Te ﬂpféyrﬁu%msﬁluw%%{%‘?m pm@-\‘?@ R{FRBgrents TPRSPIESE RReh- . (5) Re*
i's not hycrﬂrangmgrapbﬁ) R3 is not hydrogen. (7) nis one. (8 R 1 is not

et hyl ene, 4formr|n s hydrogen and R14 is

(3, 4-di hydro z@*‘*%‘é‘n? {;cﬁﬁ‘p%"\q fs%t?egﬁ‘é“mﬁﬂ{g g"‘é‘i‘“ XP@%&%‘EO“BHé'e[ﬁﬂfPef erably
at | east doW€urreiV ithp4 ﬁiraftah'b(yfaaw$ 6&55.11\1&1086:13 af (bb&et Ki@l3h oniznge appl i es (1)
an ary] of at least 0 is substituted with a radical

differ towmﬂvmﬂroﬁge&f@')“o é636134hSPf§hﬂ Nev3 dnrt 9% Ognvanpieetab b By, (3)
RY is aryeahkyd. osRet egp@mmxytmmm PBK, TMWWTHWE%RGFﬂMAW& 10

het er oar yl net hol%/ I th| het er oargll t hi o, aryl net hyl

het er oar yMNR QG %DE@ Dekete- N{#E- JA6A, Q@ym sl Red URb_, . (5)
R2* i's n@enw Q807 eéﬁ@PMcE%@Mb‘?RK@ GOPRBURPILOGH: d R4
formring Q and if 'R2 is phe - met or p-nethoxyphenyl, then

at | east WPM%@%@? IHSOR%RSeQQertM@ 31W3e10|51\e09wamvy:t at | east three]

of th foIIovm ”1% h and RY are not substituted
W th ?Omath Ip[ eréd%%b Rox aﬁl Of&% wmga?pl Sof at least one of Rx

- and RY i's subst ] tfqtléds mme@amdlg lmpc}leﬂé @fcﬁ%lmi&&@@%%%@i&m@é one of
Rx and RY conprises a heteroaryl, (4) RY'is arylalky het'er oar vl al kyl ,

arvl oxy, heteroaryl oxmoraapsryﬂembtyMIeyst thré’eq oheéé &llowiny hpitic O Yoth RXMhd RVO
heteroarylthio, arylnethylthio, heteroarylnmethylthio, Ar-NR6)-
Ar-CH2- N(R6R) -, (5) Rurgngt préitorophenylo@d ropé ef R andfy lmlumheteréﬁyl ﬁi)IRé’ ione, or

(7) R3 and R4 form ringf l'h@tePoQFylekﬁf l§®dh§ggar%%§a{y f the t he net hods,.
S

particularly treating or prieventing epsy or Yor enhanci ng
menor {3 the conpound d)cmrb@fr)hmedth/hrxjmtagaapirylﬂﬁt),,

heteroarylmethylthio, Ar-N(R6)- o Ar-CHz'-N(R‘S‘)f, (4) RZ is RXa Rxb_
3) R2* is not hvdrogen, (6) R3 is not hydrogen, (7) n is one, or (8) R3 and
R4 form ring Q;
if RS s hydrogen and R.l iS ethylene or X-Rl s prop-1-enylene, then at least one
20 {preferably at least m"o, more preferably at least three] of the following
applies (1) an aryl of at least one of R¥ and RY is substituted with a radical
different from hydrogen, (2) one of R¥ and RY comprises a heteroaryl, (3) RY
1S arylalkyl, heteroarylalkyl, arvloxy, heteroaryloxy, arylmethoxy,
_ heteroarylmethoxy, arylthio, heteroarylthio, arylmethylthio,
25 heteroarylmethylthio, Ar-N(R)- or Ar-CHy-N(R6")-, (4) R2 is RXa RD-,
| (5) R2* is not h)'d;ogen; (6) R3. is not hydrogen, (.7.) n is one, or (8) R3 and
R4 form nng Q;
if R is C (O)NH,, then at least one [preferably at least two, more preferably at least
three] of the following applies (1) an aryl of at least one of RX and RY is
30 substituted with a radical different from hydrogen, (2) one of RK and RY

comprises a heteroaryl, (3) RY is arylalkyl, heteroarylalkyl, a.r_ylo.'gy,



25 The glycine transporter genes and their respective gene products are
responsi ble for the reuptake of glycine fromthe synaptic cleft into
presynaptic nerve endings or glial cells, thus termnating the action of
gl yci ne. Neur ol ogi cal disorders or conditions associated with inproperly
controlled glycine receptor activity, or which could be treated with
therapeutic agents that nodulate glyci receptor activity, include
spasticity (Becker, FASEB Journal, 4, 2767-2774 30 (1990)) and pain
realization (Yaksh, Pari‘ nmaB?l 111-123 (1989)). Additionally, glycine
interacts at N-met hyl " EEHRR A7 B EINDAF eIt bpors, *nviiics heteiatrstie en
inplicated in | earning RAID" el ers | certgin Pl
conditions such as epi?rglggi?; .Alhgﬁélﬂ%%@?[éﬁdgivﬁiﬁ %ﬁn@%'gﬁ@r g‘t Q?k‘é

di seases, and schi zophy. Rk gxbS 3+ san, Al t ant on. ur osci ,,. Bi. obehav.
" Rev,. 19, 533-552 (19‘5?‘) : %Dah@ﬂ% ‘{a;gf@g"ég'hm%?‘éf‘“ RUPRECG) T s o (R 474
(1995). Conpounds thatRrl phbbdtividat oF(9) Kﬁeagl,h@;gqglmg,liﬁé@;ne transport wll
i ncrease glvcine 5 concentrations at NVDA receptors. which receptors are
| ocated in the fofBbt mibwdrogemand Rt Ise(B 4-dilydmatH-0benzopWiics4-S MRk Achérf
i ncrease elevates the activity.of NVDA receptors ereb al l eviating
schi zophr eni a and enhalﬁ"gl% '5{8%85“\"{%%“?‘6%& %ﬁ?’emgr%%\ﬂgw,of@@mpounds
that interact directl i CJ e rye) nt of. the NVDA
receptor can have the %2%111%?&2%#?* %‘rmg’{ %@%ﬁg&gé’fﬁnglr')ée)ggfsr?ﬁbsgfmege“d?‘@asi ng .
the availability of -exbdiadalffetthffro hyGb@, @PoHEREROYd RNERIFHAG Rferch B
enhancing GyT-1 activity, respectively. See, for exanple; Pitkanen'et al.,
Eur. J. Pharnmacol . 253)RiBsnidiyl(iE88hyylalki, aylsxyehetabaryloRg uryfkhsxpce, 46,
501-5 (1992); and Kretschner. and chm dt . . Neyrosci,., 16, 1561-1569
(1996)q.% Conpounds thathelh"?l alr}brﬁ?‘?thﬁyyaf-y@"?f;@paﬁ:%??ﬁ’éh‘&l%“ﬁ'gyml‘%ansport will
increase glycine conceplahiRagyifo, h?—W)QBrSAJ-@ﬁ?-ﬁ\ﬁﬂG‘BI& 2L yxd px8 he brain
stem and spinal cord. wher'e glycine acts as an fnhibit of “synaptic _
transm ssion. These c d: fhect | 9ah pst._epi | V. ai n and
spasticity, myospasm gg’djﬂglﬁg?ﬁggrg%&é%r)& ﬁ%g‘."ﬁs@efﬁsf°8§’ or@gﬁp g!ﬁ Becker,
FASEB J., 4. 2767-2774otmi9a0Q; @dd Yaksh, Pain, 37, 111-123 (1989). The
conpounds of the .'{g%/en%i on are, for instance, adm nistered orall )é o
subl i ngual Iy, redtBr [syPhenyh onqtylphgayd oramethoxspbenyl thep gt leashene(prefsiibivae use of
a patal§ or other transgsf®Rl meklpref@ibly adeid G} of Bk faw\Jmmgbb{esr(ﬁ%@am use
of an aerosol, or parenterally, including, for exanple, 20 intramuscularly,
subcut aneousl y, i ntrap€iRi‘taod 8 hteynot substivared tvizh p-alethylphdngt dravie@Rdxsphenyl

intrathecally. Adm nistration can be bg means of a punp. for periodic or
continuous delivery. Thencsvhebatierst ek of Rfend RY issubistmtedvathadnadical differcetd

al one, or are conbined with a r mac i C y-acceptable carrjer or '
exci pi ent accordi ng t 0" %t l&ﬁ&’éf'@%ﬁ&?ﬁﬁ 've@a‘P%F‘?ﬁPihE‘é'Pa‘Ffbf(“)tﬁ‘Yés oral node
of administration, theylaRfRRwesyIAkyll Ry )HARbAPB R RS IHERAyI N the form of

t abl etza,- capsul es, | ozenges, chew ng gum _
: : heteroarylmethoxy, arylthio, heteroarylthio, arylmethylthio,

" heteroarylmethylthio, Ar-N(R%)- or Ar-CH,-N(R6*)-, (5) Rl is not

| aminoethylene, OR® or SR8, (6) n is one, of (7) R3 and R* form ring Q.
_ [n one preferred embodiment of the the methods, particularly treating or preventing
epilepSy or spasticity or enhancing memory, the compound conforms with paragraph (f), above.

25 The glycine transporter genes and their respective gene products are responsible for the
reuptake of glycine from the syﬁaptic cleft into presynaptic nerve endings or glial cells, thus
terminating the action of glycine. '.Ncurological disorders or conditions associated with improperly
controlled glycine receptor activity, or which could be treated with therapeutic agents that .'
modulate gl_vc-@nc' receptor activity, iﬂclud_e spasticity (Becker, FASEB Joumnal, 4, 2767-2774

30  (1990)) and pain realization (Yaksh, Pain, 37, 111-123 (l98'9)). Additionally, glycine interacts at

N-meth_vl-D-aspanate (NMDA) receptors, which have been implicated in learning and memory



25 troches, powders,. syrups, elixirs, aqueous solutions and suspensi ons,
and the like. In the case of tablets, carriers that are used include

| act ose, sodiumcitrate and salts of phosphoric acid. Various

di sintegrants such as starch, and |ubricating agents such as magnesi um
stearate and talc, are comonly used in tablets. For oral admnistration
in capsule form useful diluents are |lagfose and high nolecular weight

pol yet hyl ene glycols. If desired, certain sweetening and/or flavoring
agents 30 N ST ati.on sterile solutions of
the corrpoﬂ?\c{ﬁ%r%?gecgrém?%né%ﬁ%ﬁhgé gucrﬁ%u ITHy™ r‘éheg]regﬁa“d ST £ HRRUBMEIB ¢ he
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total con Ir Iute shoul c Jed to render the

pr epar atlgﬁ&l sg%‘d Zeta F§e?'a“°ra 623%?"3?‘{{@%?) oi ntments or droppabl e

~1i qui ds. may beCdmbqunﬂ‘tbd ithybiOGLyITal metidiédig@¥ e SpaaipRASBHill l0RUR ghoint he art such
as applLicators or & [gpers it‘ﬁh conpositions can include -45-

nuconunet PPESHHNRS é MDA GrBIrE deceP,‘HBr‘i‘EFrIB‘fal‘qdh" digfqrefrain. ampde etkerpr opvl
nmeth,, | ClScl:dtlUlhsOSHnsiHonccﬁ@idb“|llﬂ:¥éas@éléiﬁt&9hwc a@tfﬁ@’%ﬁ"ﬂ@ﬁ)/\’ feeeptdtS hhegpy SOr bi ¢ aci d-
EDTA or benzyl chrom um chl oride. and the usual quantities o di I uents
and/ or catleyiaing schuznphisnia apdh a‘rhﬁ‘“‘-‘a’!ﬂﬁ°ﬁ'|“§‘t’°rfa'ﬂqﬁeﬁ Algrhatively sromnpelnds thetanteiaetr s
will be S&Jea«gt With the gxbanaaeép&mcma&emfalelm%bmg«fngx AR TN a“ 9%{1850' S
Supposi to forms of the conpounds of the invention are use for vagi nal ,
ur et hr al efs a%@Wgatﬂﬁ?%%mdtela@ﬁbblhmmbdmgmme@w by mlgbmmg“@rl I y be

constjyct a Ld,ag, ! t enperature
but rrgl tse%gt Q{%S‘V )fta&[ slpiap'?fhegggcgfa es P(?:onr nl y" %Meate such
~vehicles Lﬁclljd@%(hﬂ%hrm adil. ,,_gm;ﬂﬂgrﬁt el - gpl(angm ant Kekneiterahe d :

veget abl m xt ur I o I,0US Iecular

wei ght aﬁscfg?aﬁ S Neleosel egéfs é?gsl gsgbi(gﬁh%t ﬁ‘é‘}gf%td'\h&é‘oef/lﬁ'éé‘lfd‘a BYRgE on' s
Phar naceutanth »Su iu&mglyc]&tdan&dtrmoh&mkedewa}sl 16dated YrimEAG uPie bR stehPRA, PP
1530- 1533 fo her . di scussi on of suPp03| tory dosage_forns. Anal ogous

gels or cP® %‘?' éf’ ere glycie agls AN b9 4f SYnaptsHRRENssifNy Thes(campounds are

admi ni st re@waeagmuusmkwspmﬁﬂdmpﬁue@ In30spasiafd &Rer\Widhl coRBriAPPELERE tO those
of ordinary Skl in the ar without limtation slow rel ease

f or mul at ispEple Iqeﬁ'ffé'oﬁﬂ%ﬁ—%—{arin}%'f FUﬁél%ﬁﬂ’g%Y%%&% 3313 (188, Exanpl es
of phar maceut |ﬂ@|cbr\ﬁﬁos€§&ttﬁpllr\eenﬁgd she A96n R0, a%ﬂa!uhs?eré%mws?ubhﬁg}%hg present

i nvention include t e derived fromm neral acids, such chloric,
hydr obr orfPally. pasglipiesinadly. tariealiy Hioslpdiog the usanfiarpatsh amthqmqampm@l «mms and

organi ¢ aglis, bvsd&ﬁnorﬁﬁ' fofite b3 ubof AGEDLGE, or ngeltltgtlaﬁv u‘FEldm ol %ﬁ\pé imaric,
benzoic, glycolic, gluconic, succinic, forlenes ic and 20
arvi sify ph@imﬂwsathrb's Subﬁweemyrmtemerﬁxmam ergram‘terpharmmwmlgzad ihyatlealgpt abl e
base addu% I§ use | the resent invention .include thos rived
fr om non- dgﬁl{l]%t?a?fle g Sbesb Jeatts 0 fjsﬂla fgroqenodlc or continuous (ﬂehvew e compoun dfe

the invention are admunistered alone, or are combined with a pharmaceutically-acceptable carrier

or exbipient according to _standafd pharmaceutical practice. For the oral mode of administration,
"the cbmpoundé of the invention are used in the form of tablets, capsﬁlcs, lozenges, chewing gum,
25 . troches, 'poWdérs, syrups, elixirs, aqueous solutions and suspensions, .a:.xd the like. In the case of
tablets, carriers that are used include lactose, sodium citrate and salts of phosphoric acid. ._Van'ous
disintegrants such as starch, and lubricating agents such as magnesium stearate and talc, are
: co.rrunonly used in tablets. For oral administration in capstle form, useful diluents are lactose and
high molecular weight polvethylene glycol§. [f desired, certain sweeterﬁng and/or flavoring agents
30 are added. For parenteral administration, sterile solutions of the_compounds of the invention ifc
“usually prepared, and the pHs of the solutions are suitably adjusted and buffered. For intravenous
use, the total cbnccntration of solutes should be _c'qntrolled to render the preparation isotonic. For
ocular administration, ointments or droppable liquids may be delivered by ocular delivery systems

known to the art such as applicators or eye droppers. Such composiﬁons can include



pot assi um amoni um salts and organoam no salts such as triethylam ne

salts. Nunerous appropriate such salts will be known to those of ordinary

- skill. The physician or other health care profesional can select the
appropriate dose and 25 treatnent regimen based on the subject's weight,
age, and physical condition. Dosages will generally be selected to

mai ntain a serum | evel of conpounds of-4%e invention between about 0.01
pg/ cc and about 1000 Vg/cc, preferably between about 0.1 g/cc and about 100
99/ cc. ForyuchahRidseLa as@sdiﬁn@hétar:ratc'h@rmrolﬁrns@{}a{eeﬁx'a%‘('\ﬁ/rgp\mﬁ“rcglugse preferred
amount is from about 0.001 g to about 10 ng/ kg (alternatively, from
about 0. orolrfgméglcphplamet‘atmsw Ryjorbipprid BV let erbehtvichguipnm ghitpedsoud Ug. 01

mg/ kg to ﬁgﬂyauahm@ }(tglu(’,rtlg %@QQH‘I&I’SO Fr E[Er/ngrg &rﬁxggl'ﬁtuorl dﬂggntggg\d/omal'rlrer%)

adm ni stered. For oral adm nistrations, an alternative nmeasure of preferred
admi ni st r atll easclareditotbe apwommWa‘H@\mheo’ommomq/angexp@l about 10 ny/ kg (f rom

about 1 ng/k r u ng/ kg
to abo%t | ng/ %55!93? r Omfbtr%:(%gf[ Lq%éc;ﬁ)r?g?d%%&e a%%n%?k%g)@g%ggr}c

adm ni st r adctabadminsraiop) dBich ewpposiorien mﬂrgmrailerbnadrds\mefdeﬁsmimmfof prbehmes ed
adm ni stration anmount is from ab /kg bout 10 nor e
pr ef er abl 9‘# PS?}"F&SW ﬁ’“ﬁer?ﬂj?e%’? 8&' gﬁ%@t“"r“’eﬁgb"ﬁg ?:%*?S'ﬁ'écés ”géég‘?dng for
activity idcrédtdréuoh Véhiedes Glcjirle neoﬁrbmsmcglytcemawu@ély@k hgdregzhdiad vepsstiesinbl y

Qr-6 cells derived fromquai| fibroblast e been t nsfected to expr ess
one of t h&W¥Hesef nerrawﬁ'enﬁselvalsroéimouar‘o rr' ‘FF@F%P @plyethyleng
G yT- o bgREol k¥l Rethington'® PhdMhE®R LA Sdendes, THR Eﬂe%@lﬂpﬂﬂrsﬂf\ FRa&e pi Yoko!
transporters are described in Kimet al., Mlec. Pharm %3 608- 617 1994,

except i ngPPHAB0 33 fopbrberciscusiton af HpPesHaryelesage fRmay ABHOEOHBECISHR crgmpsTeana was
merely i 9fgLhesd gD JrBfraf Hd'E3ABMInReafichk - der i ved sequence. This

N-term nal protein-encodi ng sequence has now been confirmed to correspond
to that inferr &umogpuKpdministration vathedessul be aprareof totthase pilardinary Gkilbingdfe t,i s

descri bed ml% wﬁﬁlé Qﬁ(f\(gut ?Jmtgl]xdn’ slou) l% éa%ggljéﬂuﬁa@%};/so ?%%g%%@%oﬁ%gagd 8&%&% August

20, 1996, h™i's incorporate rety
Sui t ablse ewpicessi on vectors include pRc/CW ([nitrogen), Zap Express

e o o 2SS I e b B RSB b (|
+/ - (Pgage:nvdmwemtfgaﬁsﬂbﬁtdeatﬁgmnebunehaa?mbiuelﬂas(l@ﬁrcahlagemec)rpt;rprmej_vl and pmAM 'f
neo on a ot her.s. ltabp) e ressi.on vector L.s capable.o
fost eri ngPe%¥ I%%’éfs’f‘ﬁ‘?‘l’mg e "fhAe 8@“" 9{7’ aﬂﬁlﬂp cé“&ﬁ‘lcgﬁf B AcdE | |
pref er abl ¥iud. fAlic. RTOEIhaR, basbic Gfdblic, gk, 6@dinRep-dhleaésyiphddc andf ungal , or

prokaryotic. Such preferred host cells_ include anphi bi an, avian, fun aI
| nsect~0 aﬁalsulrpg?ﬁlq 3qidsnfop gyample. Examples of pharmaceutically acceptable ‘base addition salts for

use in the present invention include those denved from non-toxic metals such as sodium or
potassium, ammonium salts and organoamino salts such as triethylamine salts. Numerous
appropnate such salts will be known to those of ordinary skill.
The physician or other health care profesional can select the appropnate dose and
25  treatment regirhcn based on the subject's weight, age, and physical condition. Dosages will
generally be selected to maintain a serum level of compounds of the invention between about 0.01
ug/cc and about 1000 rxg/cc. preferably between about 0.1 pg/cc and abeut 100 pg/cc. For '
parenteral administration, an alternative measure of preferred amount is from about 0.001 nrg/kg
to about 10 t_ng/kg (alternatively, from about 0.01 mg/kg to about 10 mg/kg), more preferably
30 from about 0.01 mg/kg to about | mg/kg (from about 0.1 rrlg/kg to about | mg/kg), will be
- administered. For oral administrations, an alternative measure of preferred administration amount
is from about 0.001 mg/kg to about 10 mg/kg (from about.O.l mg/kg to about 10 mg/kg), more
preferably from about 0.01 mgfkg to about | mg/kg (from about 0.1 mg/kg to about | mg/ks).

For administrations in suppository form, an alternative measure of preferred administration



As di scussed above, the conpounds of the invention have a nunber of

phar macol ogi cal 20 actions. The relative effectiveness of the conpounds.
can be assessed in a nunber of ways, including the follow ng: conparing
the activity nediated through GyT-1 and GyT-2 transporters: This testing
I dentifies conpounds (a) that. are nore active against AyT- |
transporters and thus nore useful in trgating or preventing 25

schi zophreni a, increasing cogniti on and enhancing nenory or (b) that are
mor e actl YRoadal A a3y d1 tehEANRRAL IEhANbd géramfﬁonv&%wy LS reating or
preventing epilepsy, pain, asticity nyospasm -~ testin 0

recept or bbawdil mg/keThi s test establ I shes whether there is suff|C| ent
binding at this site vvhet agoni,st o ni st _activi to .3
warrant furt her%orexsfftrlnri %ss%vm(% thg wring E)VIC(")lg?ranslpo%fef‘eac'tc’kb‘%/degilEﬁef%gﬂﬁi ng.
testing tQg-Godls dértvyd ﬁbmtqhaal &taaq:tmmds/elbaenerﬂnefammg eqiresdiofid ¢fl thdxhitg kndzal Ci um
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cal ¢i urh 1 MBATSE AP é‘)‘/?aa DS rbﬁg 5@@‘?1'5% My@ﬂ fhe NVDA
receptor emzbmlad:smmatf tfr;e@;torteheramts@{btea tl Kieer o, AN PREmAQS .1 608BI6Y 7 - 47-

t hr ough Gﬂg transporter inhibition or (b). if marked increases are

observed ¢9%: exgepung tat the seqyprce eacodiag the egreme Nrfeaminalf Ghvkt 13 wat mefalve |ittl e

di rect int LAt M Idsf Ay F %&%@Eeauatbem; hﬁem?ﬂé%-énso&t d SGRRALOT
agoni st. In either of the above-described cases st confirnms activity

in 5. trehssney been anfieedito eryreseandl aipatrinfarred by Kiny s ak i Ty seavgnse of e hurman
enhancig GBI déscriblh CAbER ., B.st Rgénc&&’ctm@&l@ﬁ'nhé‘é{s BRAGIIR S0 G3bE! UM 1 ux

has a net ‘effect where€in receptor agoni st activity predom nat es over
any acti viwhich tshecormartpﬂwmh bnasferqnat lnctts easctmg Sglaptei emea'mtmvvmty itichideugh

I nhibitin ROEL . st ¢ activity in
limting grglpr(/g\\,/gmfm a)p% E eséel Cgomrgl yﬁﬁ'"?iq'ﬁ'flou g after
stroke or hetihsfter 'Stedtappnet), thd’GMVngr pmemvwems (Stmageﬂe) Imasénpng SK+/pr eventing
t he cell mage, .assocj_at ed ur ni mal
net hods o?ﬁtﬁc‘gﬂ%ﬁ’(s @m‘ﬁﬁ%‘@ Lt“i hé 98&‘2?% (gNQ&EﬁC@ appl i ed
to nmarsTBhsongdGikers. PA efi@bRRkpresdidiREtor lslépImeofffehérewen.geemrwh\e&cfddé& her

illustrate the present ‘invention, but of course, should not
GlyT DNA in a suitable host cell, preferably a non-mammalian host cell, which can be eukaryotic,

fungal, or prokaryotic. Such preferred host cells include amphibian, avian, fungal, insect, and
reptilian cells.
As discussed above, the compounds of the invention have a number of pharmacological
20 actions. The relative effectiveness of the compounds can be assessed in a number of ways,
including the following:
¢ comparing the activity mediated through GlyT-1 and GlyT-2
transporters.” This testing identifies compourids (a) that are more active
against GlyT-| transporters and thus more useful in treating or prévénting
25 schizophrema, increasing cogniti'on and enhancing memory or (b) that are
more active against GlyT-2 transporters and thus more useful in treating or
preventing epilepsy, pain, spastcity or myospasm..
* testing for NMDA receptor binding. This test establishes whether there
is sufficient binding at this site, whether antagonist or agonist activity, to
30 ' ‘warrant further examination of the ph_arma(:olegical effect of such binding.
* testing the activity of the compounds in enhancing or diminishing
calciutn fluxes in primary neuronal tissue culture. A test compound that
increases calcium flux either (a) has little or no antagonist activity at the

NMDA receptor and should not affect the potentiation of glycine activity



be construed as in any way limting its scope. Exanple | - Synthesis of
N-1(4, 4- D phenyl ) but-3-envl |l glycine ethyl ester (Conpound A26) A m xture
of 5.95 g (20.7 nmmol) 4-brono-1, |-diphenyl-I-butene (prepared as.described
20 in F.A. Al et al., J. Med. Chem, 28: 653-660, 1985), 4.71 g (33.7
mol ) glycine ethyl ester hydrochloride (Adrich, MI|waukee, W), 11.62 g
(84 mmol ) potassium carbonate and 1.0@87¢ (6.38 mml) potassiumiodide in
50 ml acetonitrile was refluxed with stirring under argon for seven hours.
The reaction mixture mﬂﬁm@hKﬂéﬁednmbh@ﬂSﬂ%aMﬁMbrQM&P&&&E?QC@QQS&@e resi due
chromat ogr aphed on silic gg 8% th 2096ethy| acetate in hexanes to
‘give 3.70 g (yield 25 885 FEPYRYLY Fﬁﬁéﬁ?l?HBPP§“%%§pP§V9®Fﬁ@kethyI

ester (conpound A26) a&r&ﬂm@ricnorl\uvﬁl &m Fe@e th; tﬁeh%eﬂ:@&?&ﬁﬁ léh@é’t\ﬁgr IH NVR
(CDC13, 300 MHz) 7.60-7.00 (m 10 , 3.35
(s, 2 H, 2.71 (t, 2 H?gongt 3lp e(deﬁr of th pbove-gesggbe(itcaseg dpq)test g_cg:@nmu@@])@13 75

Miz) %72.29. 143.25, Idgin 3r tl.v?égt hllc%?trem 3 f; 3t 97,
127.13,” 126.92, 126.88, 1 Wi shitonirs 73, 9."%2?’3’%%’. 3_‘8', nighéds 5,
Exanpl e 2 - Additional msynlchéxswtrAﬁmmcwgpquod Ratdstieasas dalohoal flox ipisalnet
conpounds were synthesiz iy, £QlS O
Reagent Amino acid or % vgﬁ%é &g&%{agcusor e owm%sﬁ%mﬁgﬁ'%q’i 35%
A7 7 E X 9% A9 4 E X datfpourd lbaSIn lAchaSﬁQ%ycM At throughnhibirhe ZlyinX 5% A 18
6EX50%A235EX2§% 4[n?£h1 % . r%8FX12%A529FX2L8h%A57
10 F X 31% Tanspo S case e test conhirms activity in luniting or preventing
10 cell damage and cell death anising after stroke or other lscherma-mducmg
conditions, or in hmiting or preventing the cell damage assocmted wnh
neurodegeneratwc diseases.
All animal methods of treatment or prevention described herein are preferably applied to
mammals, most preferably humans. _
15 The following examples further illustrate the present invention, but of course, should not

be construed as in any way limiting its scope.

Example 1 - Synthesis of N-{(4, 4-Dmhenvl)but-3 enyllglycine ethyl ester

(Compound A26)
A miixture of 5.95 g (20.7 mmol) 4-bromo-1, | -diphenyl-1-butene (prepared as described
20 inFA Alietal, J. Med. Chem., 28: 653-660, 1985), 4.71 g (33.7 mmol) glycine ethyl ester

hydrochlonde (Aldrich, Milwaukee, WI), 11.62 g-(84 mmol) potassium carbonate and 1.06 g
(6.38 mmol) potassium iodide in_Sb ml acetonutnile was refluxed with stlmng under argon for -
seven hours. The reaction mixture was filtered, the solvent evaporated and the residue
chromatographed on silica gel column with 20% ethyl acetate in hexanes to give 3.7_0 g (yidd_

25 58%) of N-{(4,4-diphenyl)but-3-enyl|glycine ethyl ester (compound A26) as an oil. NMR spédra
of the product showed: H NMR (CDCl3, 300 MHz) 7.60-7.00 (m, 10 H), 6.09 (¢, 1 H), 4.16

(q, 2H), 3.35(s, 2 H), 2.71 (t, 2 H), 2.32 (dt, 2 H), 1.25 (¢, 3 H), 13C NMR (CDCl3, 75 MHz)

172.29. 143.25. 142.37. 139.82, 129.72, 128.13,128.04,'127.97, 127.13, 126.92, 126.88,
126.68, 60.56, 50.73, 49.32, 30.33, 14.14.

30 Example 2 --Additional Syntheses According to Reaction 1

Additional compounds were synthesized using Reaction 1, as follows:



A67 11 F X 10% A71 12 E X 28% A75 13 F X 73% A77 14 F X . 36% .A85 15 F
X 86% A87 16 F X 59% A90 17 E X 16% A95 17 F X 65% A96 17 E X 50% A104
15 E X 62% Al106 18 F X 65% Al121 19 E X 3% Al122 19 E X 40% A123 19 F X
72% A130 20 E X 6% A132 21 F X 90% Al134 21 E X 67% Al70 6 F X 72% A48
22 F. x 87% A50 23 F X 81% A53 24 F X 76% A59 25 F X 77% A61 26 F X 91%
A63 27 F X 91% A70 28 F X 89% A73 29 X 86% A74 30 F X 76% A78 31 F X
49% A80 32 F X 66% A82 33 F X 38% A837°33 E X 25% - 49

Compound " Reagent Amuno acid or Solvent Yield
precusor

Al | B X 27%
A2 | C X 35%
A7 7 E X 9%
A9 4 E X 7%
All | A X 70%
Al2 4 E X 7%
Ald 2 . D X 13%
Al8 6 E X 50%
A23 5 E X 26%
A24 3 D Y 20%
A43 8 F X 12%
A52 9 F X 28%
AST 10 F X 31%
A67 11 F X 10%
A7l 12 E X 28%
A7S 13 F X 73%
A77 14 F © X, 36%
A85 15 F X 86%
A87 16 F X 59%
A90 17 E X 16%
A95 17 F X 65%
A96 17 E X 50%
Al04 15 E X 62%
Al06 18 F X 65%
Al21 19 E X 3%
Al22 19 E ¢ 40%
A123 19 F X 72%
Al130 20 E X 6%
Al32 21 F X 90%
Al34 21 E X 67%
Al70 6 F X 72%
A48 22 F X 87%
A50 23 . F X 81%
AS3 24 F X 76%
A39 25 F: X 17%
A6l 26 F X 91%
A63 27 F X 91%
A70 28 F X 89%
A73 29 F X 86%
A74 30 F X 76%
AT8 31 F X 19%
A80 32 F X 66%
A82 33 F X 38%
A83 33 E X 25%



A88 34 F X A89 35 F X 75% A99 36 F X 56% A100 37 F X 67% Al i t 38 F X
34% A117 39 F X 58% x118 40 F X 89% A 120 41 F X 62% Al125 42 F X 46%
Al26 43 E X 5 7% A127 44 E X 5% A128 44 E X 53% Al129 44 F X 66% A138 45
F X 48% A 140 46 F. X 69% Al41 47 F X 51% A 142 48 F X 67% A143 49 F X
61% A 145 50 F X 98% Al155 51 F X 70% A156 52 F X 65% Al158 53 F X 59%
A159 54 F X 85% Al60 55 F X 87% Al171 56 F X 88% Al73 57 F X 81% Al77 58
F X 84% Al178 58 F X 60% AL79 59 F X 68% A180 24 G X 85% Reagent: 1)
4-bromo- | |, 1-Bi phen - -butene (prepared. as described in F.A Al et

al., 3. Med. Chem , >4 F X 35%
33 F X 7)°.’
: .-\99 36 F X 36%
Al00 37 F X 67%
Alll 38 F X 34%
All7 39 F X 58%
All8 40 F X 89%
Al120 41 F X 62%
Al25 42 F X 46%
Al126 43 E X 57%
Al27 44 E X 3%
Al28 44 E X 53%
Al129 44 F X- 66%
Al138 43 F X 48%
Al40 46 F X 69%
Al4l 47 F X 51%
Al42 48 F - X 67%
Al43 49 F X 61%
Alds 50 F X 98%
Al55 - 51 F X 70%
Al36 52 F X 65%
AlS8 53 F X 59%
Al39 - 34 F X 85%
A160 55 F X 87%
Al7l 56 F X 88%
Al173 57 F X 81%
Al77 58 F X 84%
Al78 58 F X 60%
Al79 59 F X 68%
A180 24 G X 85%

Reagent: :
1) 4-bromo-1, l-diphcnyl-l-butene, (prepared as descnibed in F A Alietal., J. Med. Chem. _2_8
'653-’660, 1985); 2) 1,1'{(4chlorobutylidene)bis(4-fluorobenzene), (Acros Organics, Pittsburgh,
PA); 3) bchzhydryl 2-bromoethyl ether, (prepared as described in M.R. Paviaet al,, lﬂc_d_

S Chem. 35: 4238-4248, 1992); 4) 9-fluorenylethanol p-toluenesulfate, (prepared by LiAlH4

reduction of 9-fluoreneacetic acid methyl ester (Aldrich) to 2{(9-ﬂuorenyl)et.hanol, followed by
tosvlation]; '5) 4-bromo-2,2-diphenyl butyronitrile (Aldrich)' 6) 3-bis(4-ﬂuorophcnyl)propahol :
p-toluenesulfate [prepared by alkylation of dlethyl malonate (Aldnch) with chlorobis(4-
ﬂuoropheml)methane (Aldnch) followed by hydrolvsns and decarboxylation, LiAlH4 reduction of

10  the monocarboxylic acid, and tosylation of the formcd alcohol}; 7) 10«(3-bromo-2-
hydroxypropyl)phenothiazine [prgpa.red essentially as descnbed in British Patent 800,635]; 8)
- 3-tnis(4-fluorophenyl)propanol p-toluenesulfonate {prepared by alkylation of diethyl malonate



653-660, 1985); 2) 1,1'-(4-chlorobutvlidene)bis(4-fluorobenzene), (Acros
Organics, Pittsburgh, PA); 3) benzhydryl 2-bronoethyl ether, (prepared as
described in MR .Pavia et al., J. Med. 5 Chem 35: 4238-4248, 1992); 4)
9-fl uorenvl et hanol p-toluenesul fate, [prepared by Li AlH4 reduction of

9-fl uoreneacetic acid nethyl.ester (Aldrich) to 2-(9-fluorenyl)ethanol,
foll owed by tosylation]; 5) 4-brono-2,53-di phenyl butyronitnle (Al drich);
6) 3-bis(4-fluorophenyl)propanol p-toluenesul fate [prepared by al kyl ation
of, di' et y|.v/aalsp0h € 4C A Bk 601 ARt obhkiRd %%%1?6 g} hane

(Al drich) followed by hydrolysis and decar boxyl ation I'Al reduction of
10 the mh@c@rsmdldcqarlvmlﬁlonalndlfm@wcam efithafortobabd et ahcwohddtion of7)

10- ( 3- brono-2- hydroxv ropyl% phenot hi azi ne [prepared essentially as
~descri bed™f fPrmfd 1'?%'1135& rclogpnl- é@bﬂnv‘mpaﬂ%ptw'v@ew'fwa&dp@pﬁéw ) pr opanol

p-tol ueneﬁ%@@@%&s[rwcﬁmm sa¥iudlvkyd @fﬁh&l@lﬁﬁos%ﬂoﬁ&ﬂy te {RIARD L &R 50-

(Aldrich) .vith 4,4",4"-tnfluorotntvl brom de Anerica. Portland- OR)

fol | owdd wlohﬁvawl@n3ﬂ§?t9nea(ﬂme)cfal#m\bya4@m hydrog¢rakion efdhecintemrediafe ¢ he
”D”OC"’” boxl ngaﬁﬁleﬁesténﬂ tlﬁskéeg@ﬁﬁko&d%sytahﬁr?offcﬁé %ﬁgcd%lcl_goﬁEI]O% 9) 3-cvvcl ohex

- 3- phenvl pr opanol p- e nate’[ prepare nons reacti-on

of the sogliis- Ml:mﬁp@e‘n F);n alamlp-cram@&anmgawf&@}ea bc/élkglrah&mdy&mméo@axgl ohexvl

phenyl ketone (Al drich wed by catal ytic hydrogenation of

i nt er medi @ldrnchiwtzd drfba!ﬂmﬂh?“é@q% fide (Aldaichpfollaveed by | WOlaﬁﬁmtdosyl atl on of
the T or MegteaboRdioh LAy, edddds gﬂm@ﬁw&mm@% ga&@&kqntsﬁm'f&ﬁggsul fonate

[ prepared by al’kylation of diethyl nalonate

4, 4" . 4b- tmtdﬁeqhmyztts.s@;duo@bmeamﬁ@)aﬁ fudltblusd&mtoﬂizk PisAred by MeeREdsioss and

decarboxylatlon Li AlH4, reduction o he nonocarboxylic acid, and

t osyl at | offagn phige quir%ﬂl de of iebyRbpIPhonpagetate (Aldsich) with b ¢ ifiuorgpryzophspentol
P 01 Ueneld Al SBAI R OdRIRRL FETRATE A8 OBy L8 PRy el 1 de

of trieth phosphonoacet at e uor opbenzopnenone

(Al drich) reﬁmlb@momausabﬁhwohﬁedmcdmg emtzls%r@ﬁvnsehanénp;ttenmm%@lu@hﬁe
a, (3-unsaturated. ester, LiAlH4 reduction and tosylation of the forned

al cohol ] ; [p1eppred by HamsrERpPiercanibrf the sodmaide of trigthd phosphgspassiared Aldsigh)

Hor neris Enypins. pﬁ&ﬁrﬁdp%h&tmé (PRules @B &Ammamsg dtbuNOBRDRRAGG! at €
(Aldrich) 15 henyl pr opt ophenone (Pfaltz & Bauer Chem cal s Catal og,
Wat er bur ycatatyic hﬁérlogm dfyhe igtermagdige iogh -nsaturnirarestet, 6B reduetionandiosdatioat e

a, ] 3-unsat ur at ed ester Li AlH4 reduction and tosylation of the forned

al cohol ] ; ofithg fogngdjalqo 'l)h@ﬁ8%‘?1%’??9?%’?“6&&%9“14#‘8‘“%%@04‘? pisedred ¥ epar ed by |

Homer - Emm&%ert@aﬁsdsqac%n SR M%W%&Jﬂu@@h@%h&ﬁﬂoﬂ&i&&hte rmfaﬁamﬂmac etate
~(Aldrich) with 4.4'-di phenoxvbenzophenone (Lancaster, W ndham NH)

fol  oned by ~dirheedybengonhgronotiancsten VY indhamoNH) bllovieddhvrrerlvai Bydaogesation shit ur at ed
ester 29 Li @l W"“?“gﬂg& no%nﬂ H8Y! QD Ona{:ﬁﬂ[anﬁ %sngtgoa%gﬁ\%?grued alc%xmjrb

3- bls( - bi pheny pro Fortienedur prepare
reaction Pi) 316?34 -biphenyl)propanol p- -toluenesulfonate [prepared by Homer-Emmons reaction of the

sodium ylide of tniethyl phosphonoacetate (Aldnch) with 4-benzoylbiphenyl (Aldnch) followed by -

hﬂ

catalytic hydrogenation of the intermediate a,B-unsafurated ester, LiAIH 4 reduction and tosylation
of the formed alcohol]; 15) 3—(4-lert-but_vlphenyl-3-phcnypr6panol p-t_oluenesulfon;ite [prepared

25 by Homer-Emmons reaction of the sodium ylide of triethyl phosphonoacetate with .
4-tert-butylbenzophenone (Aldrich) followed by catalytic hydrogenation of the intermediate

a.B-unsaturated ester, LiAlHy4 reduction and tosylation of the formed alcohol]; 16)
3.3.3-tns(4-chlorophenyl)propanol p-toluenesulfonate [prepared by LiAlH4 reduction of

3,3,3-tris(4-chloropropionic acid) (Aldrich) followed by tosylation of the formed alcohol],
30 17) 3-(2-naphthyl)-3-phenvi)propanol p-toluenesulfonate [prepared by Homer-Emmons reaction
of the sodium ylide of triethyl phosphonoacetate with 2-benzoylnaphthalene (Aldnch) followed by

catalytic h_vdrogénation of the intermediate a,f3-unsaturated ester, LiAlH4 reduction and tosylation



sodiumylide of methyl phosphonoacetate (Al drich) with 4-benzoyl bi phenvl
(Aldrich) followed by catalytic hydrogenation of the internediate
a, (3-unsaturated ester, LiAlH4 reduction and tosylation of the forned
al cohol]; 15) 3-(4-rert-butvl phenyl - 3- phenypropanol p-tol uenesul fonate
[ prepared 25 by Horner-Emmons reaction of the sodiumylide of triethyl
phosphonoacetate with 4-tert-butvl benzgphenone (Al drich) foll owed by
catal yti c hydrogenation of the internediate a,[3=unsaturated ester, LiAlH4
reductio i £ sth L { ; e
505 5 t el AR S ESP SonRpr AR ELE SISl (roparst el | o g
reduct i onee@ifction 6333, Burtphedsfpr6ibdd Ly QIMrRRA] BIACIIDY dsMatlsd &Flihe thleh QMBidIDY
tosyl ation of the fornmed al cohol]; 30 17) 3-(2-napht hyld - 3- phenvl ) propanol
p- t ol ueneSNPHrbElPpY B RNERY IRFPPAB Alue TRt (RreRareddy Hogrer-EmmosLdi um gl i de
of triet haéﬁc_nexl9&9@&%&9@@@5ﬁn\e«h;-lfbhasph&r&&ydmﬂhM&Jz@mpn(eﬁh%maaﬂ fol I oned
by ~catalytic hydrogenation of the intermediate a,[3-unsaturated ester,
LI ALHgS r efdievred b catalitic bisipdegnation of the integhedidiea Pompateraet estiol PH 4 8Yuction
3.",.3-inphenyl propanol p-tol uenesul fonate [pr e‘gar,_ed b){ Li AlH4 reduction
of 3.3, 3-3nditgskiansn qfthsdpeied legbally 0N drdirbayyiusnr biwdia! astplvepssylforgteon of t he
formed al gahigld by &Ry BribdtoffReskRBRNKIdicB Rk BoRbaeale (RrdHehyaResy! fonat e
[ prepared by Honer-Emons reaction of the sodiumglide of tnethyl
phos phonoacleAii ereductipn df thenteonddinty RekatpestgrAndiosdation5f the fdrmesdiolhy20at al yti c
hydrogenation of the internmediate a.[3-unsaturated ester. L1AI H4 reduction
‘and t osvl aehan-bf-tnAweregetivdpheryinserangl p-tokysnesultonale preearsd by forperEmmags o
p- t ol ygnegsibRBEhSsodlurl ﬁﬁ@&pﬁcaxn &aéahka&@eu@woimge&m&gﬂ%&o&éh&kI ch)
with ethyl bronoacetate (Al drich) followed by Li ALH4 reduction.of the
i nt er medi @ddrich] foleveddytcatalytin tivdregsyatian obthe itermérsaté @ Brungatariasti pster ipIH,
3-phenyl -3-(4-trifluoronethyl phenairl?gpro anol p-tol uenesul fonate prepared by
Hor ner - Enssisson gnditesylaipmef th fopmed Plling 3 Preflerast-(4-ferfet hyl phosphonoacet at e
W th 4- (g Ly RERPPRPARGprepddtnhodusly b the WRthod ¥ GSL Byt i C
hydr ogenatbill(fc})’lr?"ggogtqﬁe@i é\%ogﬁnggpgtg a?r[)ieéunsat uf?aat fg_d ester, LiAlH4 reduction
and t osvl &2% g4 bl reductionef Aehlogt-¢ dlyetoprop@phengued Aldsicly-with 4Q Mehorane-
but yl pke - R b )i - y to the nethod
of U. 29 gtg%%aﬂgﬁ%lgog{%%&gy redlt})cdfpii{:@ﬁ@lg% egﬂ %ﬁﬁ%&%—qz?{aﬁﬁg%ﬁlopi ophenone
(Al dri ch)azeditdrbaxyeed' BEARNe PhP. sestbxamngld 861 Semb) of dheprpsadting algtot widn\ dr i ch)
foll owed by Mtzunobu reaction_(diet h%/l- ‘gzodi car boxyl ate (" DEA[%r , Ph3P,
see Exanplrigutyleieay (Adnegpl 132 3rblof-{ {getyicsmaidyiRiop -phenyigsppang ‘%Plaﬁﬁenol_
(Al drich)gy reéﬁiiorﬁafcshé_hwrsbrgﬁié erak (ikridh) Rith it SV BOO followraen Wiikkagpane

o]

[ prepared " by reduction - chl or opr opi ophenone (Al drich) with 1.0 M BTC
fol | owed tsgctioh {DEABLRN3P} efabe feamtingricatel withIphydepy 2ecthvipypiing (YdughdoR®) with
5- hydrgxy

-2-nmet hyl pyridine (A drich)]; 24) 20 3 -chloro- |
- (4- phBnyi %‘ﬁb‘)’(ﬁ“))l’?‘i@{? F‘quﬁbﬁé‘bh‘é‘?ﬁ?}fh]f?)vﬂ)Bﬁ}af‘f@ [E"ic?f’aéfigl?ye'&g’t‘f?%%fducti on of
3-chloro~4'-flucropropiophenone with 1.0 M BTC followed by Mitzunobu reaction (DEAD, Ph3P)

of the resulting alcohol with 4-phenylphenol (Aldrich)}; 25) 3-chloro-1-(4-tert-octylphenoxy)-
1-phenylpropane {prepared by reduction of 3-chloropropiophenone with 1.0 M BTC followed by
Mitzunobu reaction (DEAD, Ph3P) of the resulting alcohol with 4-tert-butylphenol], 26)

25 (R)«(+)-3~chloro-1-(4-phenylphenoxy)-1-phenylpropane [prepared by Mitzunobu reaction (DEAD,
- Ph3P) of (R)~(+)-3~chloro- I -phenyl-1-propanol (Aldrich) widx 4-phenylphenol (Aldrich)(see, e.g.,
~ U.S. Pat. 5,068,432) (Reaction illustrated in Fig. 3, Reacﬁon 27)); Compound A61 was prepared
Qvith [a]|)25+54.9° (c 5.28, CHCly);. 27) (S){-)—jcmoro&l-(4-phcnylphcnoxy)-l-phenylpropa.nc
[prepared by Mitzuhobu reaction (DEAD, Ph3P) of (S)«(-)-3-chloro-1-phenyl-1-propanol
30 (Aldrich) with 4-phenylphenol (see U.S. Patent No. 5,068,432); Compound A63 was prepared

with [a|025-54.6 (c-7.13, CHCly); 28) 3-chloro§l-(4-terr-butylphcnoxy)-l-phenylpropa.nc



3-chl oro-4'-fl uoroproptophenone with 1.0 M BTC foll owed by M tzunobu

reacti on (DEAD, Ph3P) of the resulting al cohol wth 4-phenyl phenol
(Aldrich)]; 25) 3-chloro-I-(4-tert-octyl phenoxy)- |-phenyl propane [ prepared
by reduction of 3-chl oropropi ophenone with 1.0 M BTC followed by M tzunobu
reacti on (DEAD, Ph3P) of the resulting al cohol with 4-tert-butyl phenol];

26) 25 (R)-(+)-3-chloro-I-(4-phenyl pheddxy)-1|-phenyl propane (prepared by
Mt zunobu reaction (DEAD, Ph3 P) of (R)-(+)-3-chloro-1-phenyl-I-propanol
(Al dri ch)[pwpirkd ¥y pikenyd pfitechtdrofrdpidptieadur (e, 0 d.BI.C folldhed.by Raitzundsu 068, 432)

(ReﬁcF ]on il Ilggﬁ%ﬂ% gpq'gb% e%ﬁcfgl)gRﬁ%yt})wﬂ 4%3): ungen ?ungl) A61 was prepared
with [a ol
(S)-(-)- 3T-8’Nr9 r10{4I [1?%ﬂ9£@&¥$9&#\%¥%p 31:1_ ?k’epélﬂcgﬂplg?%%l[prl:(ﬁaen&% uctl

Mt zunobu reaction (DEAD, Ph3 - pr opanol 30
(Al drich)3 vhlqrbprﬂplm’oemt pitk i @ M (Bslcefollog:d @a‘ﬁ@nmoti\lcreaCEwO(GEMBI’)\;P)@ﬁmpound AG3
was prepared. with [(x]D25-54.6 (c 7.13, CHCL3); _28&

3- chl of o-TFsuftipg aispll u&hg}rlbﬁrefh@meﬂmbgmﬁwwwé@énc 30) 3elprarled by

reduct i om%@lﬁ%@@ﬁg@)mt QpieRPPRPARY gr‘é’b:{rkﬂ by .Qddélﬁén @EQJ&AJ@W&E&BX Mhﬂei gunobu

reaction ( of the resulting al'’cohol wth 4-tert uty nol | ;
29) 3-cHM&ATE fOll?‘!ﬂﬂd[bdfMWWUUMﬂfetm pigRlooftie rpﬂnémgwymlwphenvl pr opane

[ prepar ed by reduction of 3-chl oropr _E)I ophenone with 1.0 M BTC fol | oned by
M t zunobd*PiEaREPRsHCl(IEREV 1 pRY Behioro-{ & (4sbromephenyiivgenardolhol  wi t h

4-[4-tri flhige eddaktion ¥ dlchicRbiopi |
[ 4[ ( phenéx%)mphgﬁg%raﬂla?@ﬁgéﬁ edlagpane 0clpr epa?eglogfgﬁmﬁc@?loﬁd gl];éTC

3- chl &Y ofpisied hé’HBH@bW“taﬁ“"l‘( Al BirgP Yob the sesulng dlcobiot withobu r eact i on ( DEAD,

ghgm o?]; “Ita%zig'(e‘ésf’ bﬁ%ﬁﬁé%bﬁﬁb%‘fm'&hgﬁ%( hgq@%@ @ﬂ%ﬁ ggé]ne ?3 epar ed

by reductghedyigbpade prdpeie@ BY BRLAPRASHIRRoMpioPiophddodd REG .00 BTE bRk By
M t zunobu reacti on ( DEAD, PhSP%q{of the resu tll ntg4al cohol with
w1

4- (4-Dbro %@?BH rﬁfﬁ%@EP(lN PP )d}e reg%t)ng alcoho ‘-hydroxy-4-biphenylcarbonitrile

Feduct i o BB iSRRG PR 0 RITROPOF BB ko3 Ghobu
react 1 Dn 3<HoAGY roftbBEYonofvith he M@ follovgedatlyOMitmhobai redtion (DEAD, Ph3P) of the
4' - hydr oxy- 4- bi Ehenvl carbonitrile (Al drich)]; 33)

3- chl or o-resuft@g aicplfal wish éﬁ@@mmﬁmwwwdpﬁéhwpwpamd@p@fpmw) by
reducti Or},(l%épag%@gp <08} RALABRSFORbloDiofndor it J B BT Rfo g ¢ 2Unoby

reaction resu t|n

3-trif | udvicawsdtwreghem® EADAI Pdig Plodfede; reﬁn&)ng%lidl&dltb%hﬂﬁhdhaﬂhﬁd’w]t agy) - 1- phenv
| propane [pr epar ed ggﬂr eduction of 3-chl oropropi ophenone with 1.0 M BTC

f ol | owed psplorgvt A O‘?Vér:icPLhF'tYﬂPf‘eHBENPWHaFFQP)’ regiiction ef 3-skioopiopigphgnanehol wi t h

2- napfy hQ\uh(l'Aé Wﬂf:@}clllow y \ tﬂ.ﬁ'\gbﬂegcujon (ll) ﬂg@?%t}tm(e&ﬂmlf%cgwa%pr opane

(prepared by reduction o or opr opl op enon 0O wt fol |l oned

by M t zunohyhth&qaldeen)]; (QOoPdlBPa -niethylpA@o% 5 Whkrylopahé Prdharedb Feduction

of 3-chloropropi6phenone with 1.0 M BTC followed by Mitzunobu reaction (DEAD, Ph3P) of the
resulting alcohol with p-cresol (Aldricﬁ)]; 37) 3-chloro-1-(4-phenylphenoxy)- 1 -phenylpropane
[prepared by reduction of 3-chloropropiophenone with 1.0 M BTC followed by Mitzunobu

25  reaction (DEAD, Ph3P) of the resulting alcohol with 4-phcnyiphenol]; 38) 3-chloro-1-
(4+-amidosulfonylphenoxy)-| -phenylpropane [prépared by reduction of 3-chloropropiophenone
with 1.0-M BTC followed by Mitzunobu reaction (DEAD,.Ph3 P) of the resulting alcohol with
4-h}'droxy'benzene$ulfonafnide, (TCI Amenca, Portland, OR)); 39) 3-chloro-1-(4-nitrophenoxy)-
phenylpropane [prepared by reduction of 3-chloropropiophenone with 1.0 M BTC followed by

30 Mitzunobu reaction (DEAD, Ph3P) of the resulting alcohol with 4-nitrophenol (Aldrich)]; 40)
3-chloro-1-(4-nitro-3-tniflucromethylphenoxy)-1-phenylpropane [prepared by reduction of
3-chloropropiophenone with 1.0 M BTC .followed by Mitzunobu reaction (DEAD, Ph3P) of the



- BTC foll owed by 30 Mtzunobu reaction (

| -naphthol (Aldrich)]; 36) 3 -chloro- | -(4-nethylphenoxy)- 1-phenyl propane
[ prepared by reduction of 3-chloropropi ophenone with 1.0 M BTC fol |l owed by
Mt zunobu reaction (DEAD, Ph3P) of the resulting alcohol with p-cresol
(Aldrich)]; 37) 3-chloro-I-(4-phenyl phenoxy)-1-phenyl propane (prepared by
reducti on of 3-chl oropropi ophenone with 1.0 M BTC foll owed by Mtzunobu 25
reacti on (DEAD, Ph3P) of the resultingsgalcohol wth 4-phenyl phenol]; 38)
3-chloro-1- (4-am dosul fonvl phenoxy) -1-phenvl propane [ prepared by reduction
of 3-chl orreMto@ia&pMIn&he nitfd- stmma).ﬂqu};&rfooHrm ky) Mtigynobu reaction
(DEAD, Ph3P) of the r | ti ng a ohol wth 4- h¥ r oxybenzenesul f onam de,
(TC Amer i @&Y28BMRP i 'P ) Pa@‘b reparef py Fegutiop ot mdel?@pwembeyan with 1.0 M

phenyl proparrrefo[uaaetpwmdzmbmmgﬁtm@f D%A%W%] ‘%%“9%?%?&"2 reslﬁ%ﬁdﬁg 0 Coh0|

\é\li t E| 4-ni T(l‘-\b*mh' h‘)ﬂlo“)(Jgdhthrtb-]g:’m)ﬂrl,ovd-@-))hemlp;']opane [prepared bv reductxon of : db
chlorg nitro-3-tri r e propan repared by
reduct i on (#hilor RIPRIFaISF (‘)‘bl H\gﬁ@yuﬁ“ﬂ%%% af P‘HR/@ED bDWEACt f3h¢nobu
AR 35?%%#11%&@%@%’& PP G B By

(4- c} . anophrhsapdprppane IﬂbTamyddrhvaghmn[qﬁﬂe:parcrp(bpmphemﬁhmtﬂ b0 MBTC followed by

o3Py Cor (R PRATRE Badb mae e dﬁe‘s‘[’su&v'gh%éﬁoimﬁ%«eﬁ%oﬁ&?b” gy (PEA0
3- chl or o- I-gHReeAM- thﬂ%@rﬂ%h@(v%ﬂﬁrﬂm%%é-%ﬁ?ﬁf mggmel{grekﬂ?t 6 b gl S |

3-chl or opr opi ophenone with 1 “Feact i on ( DEAD.
- Ph3P) W trblorepsenionhEnage wite AV BAC, rndoMsnmioby m«mon ¢DEAD, m@y) of resulting

3-chloro-1-(4-trifluoronethvl phenoxyv | - ph enyl ane [prepared by
reduct i on 35Phod kg iemsieEisranisad ('(ﬁdf'ﬁh)l ) F P‘tt{ne@m?lylphmvmmobu

reaction (lQEAQmM)ph@dvldriﬁné Redpatet BY (ALGRARE 3 WhibEd-

4- trlfluoronethylp enol

3-chl oro- I2 f@an%hqxwremmmnnéwwbgﬁeq@mw CoHedy Comppth k) piteh@ MeBTEY

reducin : M.t zunobu reaction
( DEAD, I%h?:l:% 3&? b;r gfs%ﬁogﬁgéaagﬁggﬁﬁf)%ﬁ{h b &ft rfﬁ;%%%lggd%lew'ﬁloxv) phenol

(Al drith) p-tnﬂﬁc)roxaemmmﬁ@} | 46§ 4=chiotd- | {B04-REmY 1BYddiRRS

1-(2, 4- d henv ane [ prepared reduction of 3-chloro-

2' | 4! d| E@gpg‘iﬁ‘?@ &ﬂ&ﬁ’é@&am%rf?dawneﬁéﬁ‘\%'a*rlmwomewnomwdm&awm UK)
with 1.0 MoBIQTd lbwdes MYNbEuZenaby (D Eas  FHgp) &Muhﬁ@%f’&;h&fwl&a*}@smol

resul ting alcohol with 15 4-trifl uoronet hyl phenoIJ

3- chl or o- KAB¢H}; n@t)hyhbruedphmvphentebwmoph}n)(%r@phhqb&phe@w )eREcRiBRBE [ pr epar ed
by reduct n of 3 4'-di chlaor opr opi ophenone (Aldrich) with 1.0 M BTC
fol | owed By 0Te-BFhGHE dPORRmORL arsEsies) Wi 38 MJFTG f?&ovy@smwmotaq reashiol Wi t h

sesamlo  (BEADI PHYP) of die desidrifg QRS »J:mFHRS‘r{b@lxml 3-M6d3019ARRAS {Aréd?sﬁ

(pr epared by reduction of 4-brono-[3-chloropropi ophenone ancaster vvith
1.0 M BTCtf(olbtomvuphenplyprdpdng [b?@ﬁkbd'b@ﬁ\é‘dul:m of 4-bromo-B-chloropropiophenone, with 1.0

M BTC followed by Mitzunobu reaction (DEAD, Ph3P) of the resulting alcohol with

4-tnfluoromethylphenol]; 49) 3-chloro-1 -(4-niethoxyphcnoxy)— 1-(4-chlorophenyl)propane

(prepared by reduction of 3‘4'-dichlorobropiophcnone with 1.0 M BTC followed by Mitzunobu
2_5_ reaction (DEAD, Ph3P) of the resulting alcohdl with 4-methoxyphenol (Aldrich)]; 50)

3-chloro-l-(4-cvanophcnow) l-(4~chlorophenyl)propanc [prepared by reducing

3 4'dichloropropiophenone with 1.0 M BTC followed by Mitzunobu reaction (DEAD, Ph3P) of

the resulting alcohol with 4-cyanophenol]; 51) 3-chloro-1-(4-chlorophenoxy)-

L-(4-bromopheny!)propane [prepared by reduction of 4-bromo- B~chloropropiophenone with 1.0
30 M BTC followed by Mitzunobu reaction (DEAD, Ph3P) of the resuiting alcohol with

| 4-chlorophenol (Aldrich)l; 52) 3-chloro-1-phenoxy-1-(4~chlorophenyl)propane [prepéred by
reduction of 3,4'-dichloroprppiophenonc with 1.0 M BTC followed by Mitzunobu reaction



20 (DEAD, Ph3P) of the resulting al cohol with phenol]; 48)
3-chloro-1-(4-trifluoronethyl phenoxy)- 1-(4-bronophenyl) propane [prepared
by reduction of 4-brono-[3-chl oropropi ophenone, with 1.0 M BTC foll owed by
Mt zunobu reaction (DEAD, Ph3P) of the resulting alcohol wth
4-trifluoronet hyl phenol]; 49)

3-chloro-1-(4-net hoxyphenoxv)-l-(4 chl_agophenyl ) propane [ prepared by
reducti on of 3 4' - di chl or opr opi ophenone with 1.0 M BTC fol | oned by

z|\1/]. %?Egg; 4 rP?\aEtoé?J?: r%s)u tmgglﬁ)ho:? l\::)uh %Len%ﬁeag) 3¢ lor(I) 994 %Jeglgb\%lhen\f)mx}')[]

3-chl oro- ﬂiﬁu&m@a Q6 brchackde PRLLLAPAGIKL DA BPA gpc{@ﬁgzﬁea&%d LRy f educt ng

3, 4' -di chl oropr opi-ophenone 'owed unobu ction
(DEAD, PhBFS. asfl MitZgeobuaeagtion (rﬂf-ﬁe{l dFORVN of wictrbsulting yizotap hem éinjethoxvphenol|;
51).3-chlorq-1-(4-chlor o;l:)henox - 1-(4-Dbronophenyl ) propane l1g5|c])_r epared by
reduct i on9P <Al OEPr‘ brienoxy-1tiflurreptenirspresiarreanss bhredugtiosof IiBTE4t ol | owed by

M t zungbugy edoREQRR 118 A i
4-chl or opheoﬁ%I% (%ﬂdrﬁol ch)]; ! gmﬂﬂ?ﬁg&?%ﬁﬂggﬁ (?IPMWN t(’;l;)henyl ) pr opane

[ pr epar edebm.ngraaﬂuatmmrphafous 58) mu&bll@(maﬁﬂ&zmmmmywth 1.0 M BTC
foll owed b tz nobhu reaction 54 D Ph3P) of the resulting al cohol
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4-trifl ummaﬁtdﬂyl)ﬁﬂ@@ﬂﬁ ﬂpre;ﬁﬁéd with {dJbF--36 3N (02 .99, (tHCl;) analogously to U.S. pat.
-(4-ni tr2§heno % phenyl propane [prepared 10 (see, e.g.. U'S. Patent No.

5, 068, 432084 &m#sﬁepw acehlere-¢ opfapswhergneRth ()+) - 3- chl oro- |
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20 pat.-5,068,432 by reduction of 3-chloro-4 -fluoropropiophenone with (-)
. diisopinocampheylboron chloride (Aldrich) followed by Mitzunobu reaction (DEAD,
Ph;P) of the resulting (S)-(-')-3-chloro-l-_(4-ﬂuorophenyl)-l-propanol {[Q]DZS -22.2° (c
2.37, CHCly)} with 4-phenylphenol, (Aldrich)]; Compound Al77 was prepared with
[a]o® +26.8° (¢ 3.10, CHCl;); Compound A178 was prepared with [a]p? +20.0° (c
25 3.13, CHCL); 59) (R)-(+)’-'3-chloro- 1-[4-(1 -adamam_yl)phénoxy]- 1-(4-
ﬂurophenyl)propane [pr_épared with [a]p?® +24.3° (¢ 2.19, CHCL) analogously to Us.
pat. 5,068,432 by reduction of 3-chloro-4-fluoropropiophenone with (-)
duisopinocampheylboron chloride (Aldrich) followed by Mitzunobu reaction (DEAD,
Ph;P) of the resulting (S)—(-)—B-chloro¥l-(4-ﬂuorophenyl)-l-propanol {{a]p? -22.2° (¢
30 2.37, CHCl3)} with 4-(1-adamantyl)phenol, (Aldrich)]; Compound A179 was prepared
with {a]p®® +17.8° (¢ 2.98, CHCl).



[a]D'5 -25.8 (c. 3.03, CHCI3); 58) (R -(+)-3-chloro- 1-(4-phenyl phenoxy)- 1
-(4- fluorophenyl)propane (prepared with fall) 21 +46.6 (c 2.73, CHC13)
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CHC 3)}. vvlth 4- phenyl phenol, (Al drich)]; Conpound Al77 was prepared with
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prepared (AR [aJD25 +17.8 (c 2.98, CHCO 3). -55- .Amino acid or amno acid

precur sor sokene L xphRidhitfe, "Bidbtlan&St €r hydrochloride. (Fl uka, Ronkonkoma.
NY): B) D-alanine nethyl ester hydrochloride (A drich); C) sarcosine
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m xture of 0.853 g (5.1 1 ?flrfgieth I Rrom)acetate Aldrich) and 2.7 g
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The mipst Upga VWi %%Iéoll‘ﬁrﬁﬁwuﬂd%etﬁﬂ%éiatéﬁfhei&es% eS.0510Gielde¥e4)iNa[(3 51 Xt ur e was
filtered, the solvent evaporated and the residue chrofmatographed 15 on a

silica geMphaydprPPyiElFing eyl stten/(Compaund A22) 3¢ an@ua AR sRscid Qféhﬂpfe@cb (yield
69% N-[( d| || in I n oil.
NMVR spect ?Ha t‘ﬁgﬁpﬁl@a& 15 r‘%‘éd 4% %tl\l% %3 1(430'8';)%%3'6\?225{)%3/?10 (m
10 H,.4. iLszf-ﬂ 2% H),z.%(cﬁ,tw}l'i)za H°$3l3c NMR (CDCl3, 75 MHz) 172.44,
144.66, 128 43, 127.75, 126. 153, 60.63, 50.93, 48.80, 47 92, 35.85, 14.17. 0.019 g of A28 was

20 also isolated from the silica gel column.

Example 4 - Additional Syntheses Using Reaction 2

- Additional compounds were synthesizéd usin_g'Reaction 2, as follows:

Compound - Starting amine Reagent Solvent Yield
AS 1 : 27%
A6 89%
Al0 7%
Al3 95%
AlS 96% -
AlT 4%
Al9 69%
A20 57%
A2l 35%
A30 42%
A33 20%
A34 7%
A35 18%
A36 80%
Al7 77%
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(s, 2 H, 2.56 (t, 2 H, 2.24 (dt, 2 H, 1.22 (t, 3 H; 13C NWR (CDC13, 75
MHz) 172.44, 144.66, 128.43, 127.75, 126.15, 60.63, 50.93, 48.80, 47.92,
35.85, 14.17. 0.019 g of A28 was 20 also isolated fromthe silica gel
colum. Exanple 4 - Additional Syntheses Using Reaction 2 Additional
conpounds were synthesized using Reaction 2, as follows: Conpound Starting
am ne Reagent Solvent Yield AS| AX27% A6 7 BY 8% Al O9BY 77%
Al3 8 BY 95% Al15 6 BY 96% Al 3 BX’14% Al19 1 C X 69% A20 2 E X 57%
A21 1 B X 55% A30 |akk X 42% A33;1 D X 20% Ag4 | G X 7%¢ A35 1 Eo}( 18%
A36 5 B X 80% A37 4,8 X 77%-56- |1A38 | E X 709 A39 | | X 10% z}

3% A 108 10 B X 9% 1502KX$6%A157ILX30%A1Q21K ﬁ%A165
1 MX 59% A166 | zﬁ%l% AL67 |, X 50% o

B X 9%
Al30 z K X 36%
Al57 l L X 30%
A162 l K X 36%
A165 I M X 59%
A166 1 N X 51%
Al67 ! 0 X 50%
AlT2 ! P X 46%

Starting amine: 1) Fluoxeune [N-methyl-3-(p-tnfluoromethylphenoxy)-3-phenylpropylamine
hydrochloride], (Sigma, St. Louis); 2) 3,3-diphenylpropylamine (Aldrich); 3) Nisoxetine
hydrochlonide [(+)-y~(2-methoxyphenoxy)-N-methyl-benzenepropanamine hydrochloride], (RBI,

5 Natick, MA); 4) 1,2-diphenyl-3-methyl-4-(methylamino)-2-butanol hydrochloride, (Sigma-
Aldrich Library of Rare Chemicals); S) d-Norpropoxyphene (1,2-diphenyl-3-methyl-4-
methylamino-2-butyl propionate maleate salt), (Sigma); 6) Maprotyline hydrochloride [N-Methyl-
9. lO-ethanoanthracene-9(lOH)-propanaminc hydrochloride], (Sigma); 'f) Nortriptyline
hyvdrochlonde {3-(10,11-dihydro-3H-dibenzo(a,d]cyclohepten-5-ylidene)-N-methyl-1-propanamine

10 hvdrochlonde}, (Sigina); 8) Desipifamine hydrochlbride {10,11-dihydro-N-methyl-SH-
dibcni[b,ﬂazepinc-i-propananﬁne hydrochlonde}, (Sigma); 9) Protriptyline hydrochloride {N-
Methyl-3 H-dibenzo[a,d]cyclohcptenc-j -propanamine hydrochloride}, (Sigma),

10) 3-(1-naphthy!)-3-phenylpropylamine [prepared by Homer-Emmons reaction of the sodium -
~ vlide of diethy;l cyanomethylphosphonate (Aldrich) with a-benzoylnaphthalene, (Pfaitz & Bauer,

15 Waterbury, CT) followed by catalytic hydrogenation of the intermediate a,-unsaturated nitrile].
Reagent: A) methyl bromoacetate (Aldrich); B) ethyl bromoacetate (Aldnich); C) prbp)}l _
bromoacetate (Aldnch); D) phenyl bromoacetate (Aldnich);, E) 2-bromoacetamide (Aldnch); F)
2-chloro-N,N-diethylacetamide (Aldrich); G) N-ethylchloroacetamide (Lancaster); H)
brorhoacetdnitn'le (Aldnch); 1) 4-(bromomethylsulfonyl)morpholine, (Sigma - Aldrich Library of

20  Rare Chemicals); J) diethyl chloromethylphosphonate (Aldrich); K) ben?yl 2-bromoacetate,
(Aldrich): L) p-nitrophenyl bromoacetate, (Lancaster);. M) octyl chloroacetate, (Sigma-Aldrich

_ Library of Rare Chemicals); N) isopropyl bromoacetate, (Aldrich); Q) n-butyl bromoacetate,
(Pfatz & Bauer), Waterbury, CT); P) rert-butyl bromoacetate, (Aldrich).

‘Solvent: X) acetonitrile; Y) ethanol.
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hydrochl oride [(t)-y-(2-nmethoxyphenoxy)-N net hyl - benzenepr opanam ne
hydrochl oride], (RBI, 5 Natick. MA); 4%

1, 2- di phenyl - 3- et hyl - 4- (et hyl anmi no) =2Zbut anol hydrochl ori de, (Si gnma-

Al drich Library of Rare Chemi cals); 5) d-Norpropoxyphene

(1,2-di phE%pl@SHEtSthhes‘kofﬂﬂi'i[bmmm:-ghéﬂvﬁﬂth-@ﬁQQ‘)‘BQ@EWQ} mlgate salt),
(Sigma); BhyiNBRF QEdhpduad ] ochl ori de (N-MethyT- 9. 10- et hanoant hr acene- 9( |

OH) - pr opanam ne hyd rocnl oride], (Sigm),; 7) Nortriptyline hydrochloride
3-(10,1 Step 1:- N-[(3-Oxo-3- pheml)prop\l]sarcosme ethyl ester: A mixture of 3.37 g (20 mmol)

(
1-di hydr oz élg‘éﬁgbgﬁglﬁg&n%eq%%&hwtge &OM&LQ?J&?)I%%V@%CTXI drochﬁ)on(ag%nﬁngl ne 10

hydrochl ori de i'Tam ne hydroc
(10, 115di Q9 dmp! Npeatassihmp|iodidd-and 2 iy egrpofdssidrh azrbgriaren Hionicatndrnilaieas heated

hydrochlorlde [ Ol | i ne hydrochlgride.(N-.

Met hyl - r ')éfr‘n‘i‘f)(“"ggﬁ r)‘%ﬁ%}?'mﬁ “60%‘%6‘#%;‘3%%"‘62?hﬁﬁr’%ﬁ&‘h‘i(“d?'i‘%té%‘fas( Si gma) ;
10) 3- (1 ﬁlﬂ:}ﬂé‘dtdhykl)e-salvﬁlhefqpbn[edpﬁaﬁh&ﬁe a3 1dBpdivedh diyhiddorhétRine, RIAIRIAS v itheact i on
of the sodium Iﬂe of diet anonet h hosphonate (Al.drich) with

a- benzoylﬁ%ﬁ’hﬁ"ﬁg‘r"é Qver yogpum) geBﬁ'ﬂ"‘é’Pram'i ‘Eﬁﬁ"g’fe’ﬁﬁ‘f CT) followed by

cat al yt i cNdsegeftRhilpropyijsdrdteint aharr@disatyelldv dil whis@dsuhad 8 Sepb tWithdif] -
Reagegé A) et hyl bromoacetate (Aldrich); B) ethyl bronpacetate (Al drich);
ylP

O pr YifissHoRcet at e (Aldrich); D) phenyl bronpacetate (Al drich); E) .
2- br onpacet ani Shep 6 Abmich{linof) [sertrlal iy Nndb@éuﬂthﬁﬁﬁt(???\ﬂAﬁd(A| drichy; §

N-et hyl chl or oacet am de (Lancaster); bronoacetonitrile rich); I)
4- ( br onontetrahyirofiirdin 1y 0¥ he K h olmioRdhiogh@nend 0 ml pekrdhyidedfurha frr-28°¢ ) whs RidedRar e

2 ot omoacupats ot oA BPHPIREATRE el sBieer ) .

octyl chl @t laﬁxe30 .ﬁﬁsfgemhmrmnaa at - TR (s8¢’ ReadfionRAl Eigks @)1 Afdr Strrind\ie
|sopro§)y br onpacet at e °ﬁ(5> ); 0) n-butyl bronpacetate, (Pfatz & '
Bauer > P& 90 B andgn 20 )f°"tlé‘r F‘CBW“ Yaseuenshodbyadding 20 g {0%ymmeginmy ent - X)

~acetonit rﬂwjdﬁ)mdg)solﬁﬁctﬁaéﬁ'@*C Tﬁ7nuxlgml Qtré&d mtﬁ%ﬂ}feﬁé aﬂmde the so]vent
N- 113- Hvdroxv- 3- phenvl - 3- (t hi en- 2- E\/y:d propyl I sarcosine ‘ethyl ester
Pne

( Conpoundevagzitedsandshe. residyg.chyogagesp fiiga ol polerpy vjts 40°6 otbilnectat. hly | ester: A

m xture (R i .07..09, (20
nmol ) sa?{:(g%}e%é %‘f%i?3 %g‘)elle&rjzlﬁd\? éﬂgq[ygl%gg pﬂgggg%%%é%g’rw%m po a%%ll um
i odi de amteﬂ(ﬁmgowdtﬁdébmewtsmmate in 140 rri acetonitrile was heated
under efl_l:ux \‘\ng@ St [ ) _ _ ) Figure 2). The
reactlon e R s S o e Pirelit AV el Al NARrAP Y ysar dosine

di ssol vedEShsdfLiiomeound oo vvashed wi t h

N-{[3- Hydroxy -3-phenyl-3-(furan-2-yl)}propyl} sarcosine ethyl ester was synthesized

essentially as dcscnbed in Example 5A (replacing 2-thienyllithium with 2-furanyllithium) (yield
14%). '

25 E_xamp_ le 6 - Synthesis of N-[3-Phenyl-3-(thien-2-yl)-2-propenylisarcosine ethyl ester
(Compound A41)

N-{[3-Hydroxy-3-phenyl-3-(thien-2-yl)]propyl} sarcosine ethyl ester (Compound 32 from

Example 5), 0.118g (0.354 mmol) was dissolved in 2 ml of formic acid. The solution was heated
at 110°C for 0.5 hour (see Reaction 19, Figure 2). The deep red reaction mixture was |

30 concentrated and the residue was partitioned between water and C Hz.Clz. The aqueous phase was
- extracted with CH;Cl and the CH;Cl; solution was dried over NapSOy4. After evaporating the

solvent, the residue was purified by preparative TLC with 1:3 ethyl acetate:hexanes to give 0.091
g (82 %) N-[3-phenyl-3-(thien-2-yl)-2-propenyl]sarcosine ethyl ester (Compound A41) as a deep

red ol



wat er and dried over sodium sul phate. Evaporation of the solvent gave

N-[ ( 3- oxo- 3- phenvl ) propyl ] sarcosi ne ethyl ester as a yellow oil which was
used in step 2 without 10 purification. Step 2: 2-Thienyllithium
[generated by adding I m of butyllithium (2.5 Mn tetrahydrofuran) to
0.21 g (2.5 mmol ) thiophene in 10 mM tetrahydrofuran at -78C] was added
dropwi se into a solution.of 0.623 g (2.5gmol) of

N[ (3- oxo- 3- phenyl ) propyl ] sarcosi ne ethyl ester (fromstep 1) in 30 m of

tet r ahydr Of tirie 1 SonffiGis 6F 88 3 AR 0Midile. B BUl e aPosin Sl esSLI T 11 NG at 15
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_78C for | 5 - arcosine o adding 20 ni
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met hyl ene chl or{-@f, g N4 swiohevir{3-Peenalpbtbited-y hrichrogeay ] esidieetiiaemt ogr aphed

on silica | %ethyl ,acetate . in. h . to give 0.43
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(repl acin -t hi lithiumw th 2-furanyllithium (yield 14% . 25 Exanple
6 - Synt hgé'f’gpftﬁf‘ﬁ;g@se—fphélafgrpmbfrmwﬁmzlVfcy (Ganppo ) rsardiowioe et hyl
ester ( [RGB AAL 3-Phenyl-3-pheno ropyllsarcasine ethy| ester

'\l'{[3'l'b’dr(€liiﬂ|% nd @i‘g\’( t -y propyr)s - ester '
( Conmpound rom anple 5), 0.118g (0.354 mmol) was dissolved in 2. mM of
formc acid. TH¥Pskl N Gdhydrry-rhsndipropytisatcdsidCethylrester: 2. 49cuirof Lkie-BReast i on
19, Figure.2). The dee ed reacti mxture was 30 concentrated and the
" residue wi‘é‘_g%iﬁ‘r‘ﬁ'f’ " H‘@gyaii’é‘f‘(}@%&"‘{ﬁég&"‘c%?rﬂ MO watnsldedfntegusluptress® Shas
ext ract ed g B8 niatddBL Y 3aR6L 3t ghenyDEREH TR0k kR HGTstEl | @ptﬁmgre Rkl fter
evaporating the solvent, the residue was purified by preparative W th
1: 3 et hyl 'Arebydiefurapaydf¥s (1eg Rgaapien (3 @ofiigurg 2) g8teygtirming at -78°C for L hand 1 h at
N- [-3- phenydgnds LeR da V.l o rcosine ethyl ester und A4 1)
s a doop oronpp R e Halade P ERK RAUERE 1Oy Pl KSR cnboial Bilior
V- 13- Phenyt 0°¢-and [fiiterad thranigh pelogp yTHesuirmasyasexeddred! withahethylené Corie didldrdd 2)

0.055 g (Q.474; I - [3- Phen I-é}-.thi n- 2- -2-propenyl | sar cosi ne et hyl

ester ( Co‘r/rpéﬂdr'\%%gl}arll\%rﬁ PRAARef e(sﬁgg“?ﬁ?vﬁP%‘Béﬂé‘f‘ﬁ’&"@{?@%y%ﬂf%ﬂsﬁc%@% Pd/ C

in 2 m okthiFtedlek as a yellow oil which was used in the next step without further purification. :
Step 2: N-[(3-Chloro-3-phenyl)propyl]sarcosine ethyl ester: The yellow oil of step | was

20  dissolved in 20 ml of chloroform, | ml of SOCly was added and the mixture heated under reflux

for 2 h (see Reaction 16 in Figure 2).  After.addition of crushed ice, the reaction mixture was
neutralized with a saturated solution of potassium carbonate and extracted with methylene
chlonide. The combined extracts were evaporated aﬁd the residue puﬁﬁed by preparative silica gel
TLC w1th 20% ethyl acetate in hexanes to give 0.165 g N-[(3~chloro-3-phenyl)propyl]sarcosine
25  ethyl ester (yield 26% in two steps).
Step 3: N-[(3-Pheny_l-3-phcnox_v)propyl]sa_rcosine_ ethyl ester (compound A31): A
| solution of 0.075 g (0.278 mmol) N-{(3-chloro-3-phenyl)propyl]safcosme ethyl ester (from steb 2) .

tn 3-ml of anhvdrous dimethylformamide was added into a solution of sodium phenoxide
(generated by adding 0.022 g of 60% NaH in mineral oil to 0.054 g phenol in 2 ml -

30 dimethylformamide) at room temperature (see Reaction 17 in Figure 2). The reaction mixture was
stirred at room temperature for 30 hours, the solvent was evaporated under vacuum and the
residue pu"n'ﬁed by preparative silica gel TLC with 35% ethyl acetate in hexanes to give 0.014 g

(vield lS%) N-((3-phenyl-3-phenoxy)propyl|sarcosine ethyl ester (compound A31) as a vetlow oil.



5 The hydrogenation was conducted at 40 psi for 16 hours at room
tenperature (see Reaction 20. Figure 2). After filtering off the catalyst
the solution was concentrated and the residue was punfied by preparative
TLC with 1:2 ethyl acetate: hexanes to give 0.0 12 g (22 %

N-[ 3- phenvl - 3-(t hi en-2-yl ) propyl ] sarcosi ne ethyl ester (Conpound A42) as  a

yellow oil. Exanple 8A - Synthesis of

N-f(3- Phenyl 3- phenoxy)propyl | sarcosi ne ethyl ester 10 (conpound A31) Step
1. N-[(3- A . | ] . 2.40 m of

Li Al (t-B 5 PAl drich) (1 Min

THF) ] was addeﬁbmpmtm:d ,aléstoiastprdpmre@fn G)lka%an ogJ,(n%dﬁ&ﬁmIbHMdnch) with

N-[(3 ox hen r sar005| ne et hyl ester (step of Exanpl e 5A) in
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sti rr| ng vatd 5968C for | h and 1 hat 15 roomtenperature, the reaction was
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filtered thro@?‘P@%Wq‘fb‘9WH§€rWﬁ? by alkylauoncof thiophensh(Aldrich) wigh hyl ene chl ori de
and dri eqy.(0Mfro3QPEMPrapi) PR Fe elYRRERF Ald-QRibaS
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was used el @2¥e next step without further purification. St ep 2:
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the m xt wis M&athdato-drdienylprerfyl)sarcosing kth@l dste( ssaiesdRbaldboain Eﬁamme FA gstee3)2) .-

Af ter d’iddl l /of crushed ice, the reaction mxture was neutralized with a
saturat ed 5§01 utTon of pot assi um carbonate and extracted with nethyl ene -

chloride. The @ambumxbsexisrpa@mdmmammmamdu@mdoﬁhml (1&6tdiep waar | fied by
preparati Ié‘%ﬁ"ﬁ‘bo gﬁ!ﬂ bC W th 0% et hy get ate in hexanes to_give 0.165
g N[ (3- Ch e PSS & %ld’éﬁeh@ d“Z’S' et ahgre in Example §4 631%P D6% i n t wo
steps). Slerpsd: N-[(3-Phenvl - 3-phenoxv) propyl]sarcosine. ethyl ester

(conpound A31 : A solution of 0. 075 g (0 278 mml)

Phenoxt de. . ( geser EXastrhity Rt R RS | 0. 054
g phenol in % 30qd| met hS\}I@f or mami M{R@ h )grg%?n&mr@tg?ue?g{ @s“ggblgegfgtl on 17
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4- met hox uphaiobhg ¢l ar icectuth. thehmxture was stirred at room temperature for 4 hours; the solvent
evaporated and the residue chromatographed on silica gel with 25% ethyl acetate in hexanes to

give 0.730 g (yield 74%) N-[3-phenyl-3-(p-toluenesulfonanilido)propyl}sarcosine ethvt ester.
lH NMR (CDCl3, 300 MHz) 7.58 (d, 2 H), 7.40-6.90 (m, 10 H), 6.62 (d, 2 H), 5.55 (1, 1 H),
25 414(q,2 H), 3.20 (s, 2 H), 2.60-2.20 (m, ZH) 2.39 (s, 3 H), 233(5 3 H), 2.20-1.80 (m, 2 H),
1.12 (t, 3 H); 13C NMR (CDCl3, 75 MHz) 170.74,142.90, 138.33, 138 08, 134.88, 132.78;
129.14, 128.60, 128.36, 128.28, 127.93, 127.79, 127.46, 60.51, 60.26, 58.57, 53.93, 42.16,
30.60. 21.36, 14.12. "
| Step 2: N-[3-Ehenyl-3-(phcnylamino)propyl]sarcosine ethyl ester (Compound Ad47): A
30  solution of 0.284 g (0.6 mmol) N-[3-phenyl-3-(p-toluenesulfonanilido)propyl]sarcosine ethyl ester
(from Step 1) i-r_a 3 ml anhydrous ethylene glycol dimethyl ether was added dropwise within | hour
into solution of sodium naphthalenide {prepared from 0.545 g (5.04 mmol) naphthalene and
0. l 10 g (5.16 mmol) sodium) in 8 ml anhydrous ethylene glycol dimethyl ether with stirring under

nitrogen and cooling with an ice bath. The mixture was stirred at room temperature for | hour,



N- ( 3- chl or o- 3- phenvl propyl ) sarcosi ne ethyl ester as described above in
Exanple 8A (Step 3) - field 5% 5 Conpound Al 19 was prepared by al kyl ati on
of thiophenol (Aldrich) with N-(3-chloro-3-phenyl propyl)sarcosine ethyl
ester as described above in Exanple 8A (Step 3) yield 62% Conpound Al115
was prepared by al kyl ation of 4-(tnfluoronethyl)thiophenol (Lancaster)

wi th N-(3-chloro-3-phenvl propyl )sarcosigge ethyl ester as described above in
Exanpl e 8A (Step 3) 10 yield 93% Conpound A68 was prepared by al kyl ati on
of 4-tert- L.hi ophe
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(Aldnch) - vield 41%: [alDZ5 +18.6° (¢ 7.84, CHCl3). See Reaction 24, Figure 3 .

Example 8E - Synthesis of

20 [R}-(+)-N-[3-Phenyl-3-(4-phenylphenoxy)propyl]sarcosine ethxl ester (Compound
A61) {[a]p?5 +22.3° (c 8.1, CHCI3)}

Another synthesis of compound A61 with [ot]'[)25 +54.9° (c 5.28, CHCl3) was already
descnbed in Example 2. _
Step 1: [S]-(-)-N-(3-Hyd_xbxy-.'i-phenylpropyl)sarcosme ethyl ester: prepared analogously
25  to the method of U.S. Pat. 5,068,432 by reduction of N-{(3-oxo-3-phenyl)propyl]sarcosine ethyl
ester (from step | of Example 5A) with (-) diisopiﬁocampheylboron chloride (Aldrich) - yield
12%: [onlD25 -24.6° (¢ 3.63, CHCI3) (see Reaction 25, Fiéurc'3). Another synthesis of [S]~(-

)_-N-(3-h_vdroxy-3~phcnylpropyl)sarcosiﬁe ethyl ester with [a]DZS-35° (c 4.88, CHCl3) was

already described in Example 8D (Step 1). See Reaction 23, Figure 3. . ,
30 . Step 2: [R]-(+)-N-{3-Phenyl-3«(4-phenylphenoxy)propyl}sarcosine ethyl ester (Compound
A61): prepared by Mitzunobu reaction (analogously to Example 8C, Step 1) of



60- quenched with ice and extracted with ethyl acetate. The conbi ned
organi c extracts were washed wth brine, the solvent evaporated and the
resi due chromat ographed on silica gel with 25% ethyl acetate in hexanes to
give 0.092 g (yield 47% N-[3-phenyl -3-(phenvl am no) propy[ |sarcosine ethyl
ester (Conpound A47). IH NWR (CDC13. 300 MHz) 7.50-7.00 (m 7 H), 6.70-6.40
(m 3H, 5575 (br. s, 1 H, 4.47 (t,el-H, 4.18 (g, 2 H, 3.24 (s, 2 H),
2.57 (t, 2 H, 2.37 (s, 3 H, 2.10-1.70 (m 2 H, 1.18 (t, 3 H; 13C NWR
(cpcs, 7 Hz 43 : 26. 26
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116.57, 1°13.17, 60.47, 92, 54.47
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5A) with (-) diisopinocanpheyl boron chloride (Aldrich) - yield 12% [all)
25. - 24. 6 (I(Zl 37,832 9CHEL.3Y, 14688, ROAO1 128r192528. 351, 48, 337.2ANdT. hE60S§MdBdsi S - Of
[S]-4(- ‘{g y).propyl )sarcosi ne ethyl ester with (a] D25-35
(c 4. 88 g3 Z&kigg(}/al rgygg; %8escri bed in Exanple 8D (Step 1). See Reaction
23, Fidur €x3ampld®B. Addéjwngl Syntheses Usin teProcedure of Example 9A

R-(+)-N[3-P h t st
(Compound - A6, LFMPIE AL PreREre B S E oL Brieg dh2) S0 R 8l o
8C, Step 1ihe cohditions described in Example 9A - yield 30%.

Example 10 - Synthesns of N-[(4 4—D|phenyl)bu llglycine ethyl ester (Compound
Ad)

20 0072 g (0.23 mmol) of N- [(4 4-diphenyl)but-3-enyl]glycine ethyl ester (compound A26)
was h\ drogenated over 0.072 g 10% Pd/C in 5 ml ethanol under 40 psi for 3 hours at room

temperature. The mixture was filtered from the catalyst through celite and the solvent evaporated -
to give 0.065 g (yield 90%) N-[(4,4-diphenyl)butyl]glycine ethyl ester (compound A4) as an oil.

NMR spectra of the product shoWed: I'H NMR (CDCl3, 300 MHz) 7.40-7.10 (m, 10 H), 4.17
25 (q, 2 H),389(t, 1 H),334(s,2 H), 2.61 (t, 2H), 2.08 (dt, 2 H), 1.50-1.40 (m, 2 H), 1.25 (¢, 3
| H), 3¢ NMR (CDCl3, 75 MHz) 172.47, 144.89, 148.36, 127.77, 126.05, 60.63, 51.17, 50.90,

49.44.33.19, 28.50, 14.17.

Example 11 - Additio'na_l. Syntheses Using the Procedure of Examgle 10
_ - Compound A25 was prepared by catalytic hydrogenation, using 10% palladium on
30 carbon, of compound A2 - vield 90%.
Compound A3 was prepared by catalytic hvdrogcnauan usmg lO% palladium on carbon,
of compound A16-- vncld 90%.



-61- [S]-(-)-N-(3-hvdroxy-3-pheny. | propvl)sarcosine ethyl ester (fromstep
1) with 4-phenvl phenol (Aldrich) - yield 22% [al D25+22.3 (¢ 8. 11 CHC 3).
See Reaction 26. Figure 3. Exanple 9A - Synthesis of

N-1(4, 4- D phenyl ) but-3-enyl | -N-ethyl p-1ycine ethyl ester (Conmpound A 16) 5
A mxture of 0. 158 g (0.5 mol ) of N-[ (4, 4-diphenyl)but-3-envl glvcine
ethyl ester (Conmpound A26), 0.234 g (4.1 nmol) bronoethane, 0.281 g (2
nmol ) pot assi um car bonate and 0.068 g (0.4 mmol) potassiumiodi de was
stirred ynder Q. b The reaction mxture

was flltm S =€ ot t omat ogr aphed on a
silicag th 20% et hyl acetate in hexanes to yield 0.112 g (66%
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conpound & AR ge% €1 U 07829 (A5, 70%) Add (A48 98% )
Ad5 (A33.98%) A46 (A35.98%, +2.38° | A49 (A50, 95%)
(c 2.4. CHCl3))
AS1 (A32. 82%) A54 (A68. 52%) A36 (A37, 71%)
| A58 (A39. 98%) A60 (A61, 80%, +25.3° | A62 (A63, 69%, -25.6 (c 2.4.
(c 2.13. MeOH) MecOH))
AG4 (A73.90% ) A65 (A74,90%) | A66 (ABT7.60%)
69 (A70.99%) AT72 (A75.98%) AT6(A77.75%)
1 A79(A80,62%) ABI1(A89, 64%) A84 (A83. 93%)
A86 (A87, 98%) A91 (AT1. 54%) A92 (A40. 90%)
A93 (A95, 95%) A94 (A96, 95%) _
A98 (A100, 95% ) A101 (A118, 33%) A102 (A108, 61%)
A 103 (A104, 83%). Al05 (A106.86%) . | A107 (A115. 76%)
AL09 (A123.98%) Al10 (A169, 68%) A2 (A117, 62%)
AlL3 (A119. 56%) All4 (A120, 98%) Al16 (A122, 35%)
A124 (A126, 62%) Al31 (A132, 82%): TA135 (A134, 92%)
A136 (A145. 98%) Al37 (A164, 85%) Aldd (A138, 43%)
Al132 (A156. 58%) A134 (A160, 98%) Al74 (A43, 91%)
AL75 (A1T1,38%. +10 | A176 (A88. 61%) Al81 (A173, 82%, -16.6° (¢ 3.11,
(¢ 2.9. McOH)) MeOH)) o




62 Exanple 12 - Synthesis of NI (4, 4-D phenyl)but-3-envllglvcine
hydrochl oride conmpound A27) To a solution of 0.093 g (0.3 nml) of
N-[ (4, 4-di phenyl ) but - 3-envtjglvcine ethyl ester (conpound A26) in 2 m
met hanol as added 3.4 ml | N sodi um hydroxi de and the m xture was 5 heated
under reflux for four hours. The reaction mxture was concentrated to half
volune. acidified wwth 4 N hydrochloric_acid, and extracted 4 tinmes with
met hyl ene chl ori de The conbined exti8éts were dried and evaporated to
give 0.1 869 of N-[(44d|phenl)but- 3-enyljglycine
hydr ochl r’i'gmﬁ% emd #%8 (RNES-JBerct ra joh18helpe.o8tct | sHoweds. | |H NVR
~ (CD30D. Bd0¢° .00t (3 €@ 4Y), 5.96| VeOH) H), 3.81 (s, | H | 3.69
(s, 2 H Mi%ﬁ)(hr ' 10 PMEeH2, 42 (br.s.l 2 H): 13C NMR (CD30D, 7% MHz)
166. 78, 145.86, 145.82, 141.73, 139.34, 129.42. 12|8 423A127A32 127. I41.
. . 8, 26.43. Exa el - itiona
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room 15yterrpesﬁi§t ure, foll owedQE) aci difi cﬁatl odilnwvmt qy roc)h{b I’Igg acid as
descr |5be6‘"%Pﬂ))dV%'“?“r‘i°‘E%HHep Addrich), an élgé’otaﬁfé‘"b‘éﬁf@?*iﬂhe'tﬁ mhiceiongils waheirst ar t /(I) ng
ester r I (A5, 709
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CHC13)) Amh waEsahe givent eyapghed; agighe Sﬂ%e chBtnafolBiphedthXlicABS cflAbPwitk8% A60
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6( A77 ol 1 s n
(AZ7(1 54(%%%[2“&(7%% 509 tA93£"’(A9‘z§J %sz{ %ﬁ%@é (A 95?@'@8‘8'(@?;6’& 959 A
Al (1 s 5
ég%; lg 1878?)A?3§1(% &7%893 @ ’10 ’2(%%23 )98% ARI( Dg%( ?ﬁ? éﬁ‘ 12 (A
117, 629928 . 127.68.(126.319,17 3848 K[ 47113, 6A19,23.1498% A 116 (A 122. 35%

Step 2: A muxture of 0.72 g (2.9 mmol) N-cyanomethy!-3,3-diphenylpropyiamine (from

step 1), 0.49g (3.4 mmol) iodomethane and 1.6 g potassium carbonate in 5 ml acetonitrile was
stirred at room temperature for 16 hours. The reaction mixture was diluted with dichloromethane.
IS washed with water, the solvent evaporated, and the residue chromatographed on silica gel column

with 20% cthyl acetate in hc‘(ancs to give 0.33 g (yield 43%) N-methyl-N- cvanomedwl 3.3-

diphenylpropylaminc as an oil which solidified on standing. IH NMR ((CDCl3, 300 MHz)

7.30-7.10 (m, 10 H), 4.02 (¢, 1 H), 3.47 (s; 3 H), 2.38 (t, 2 H), 2.32 (s, 3H), 2.19 (dt, 2H):
Step 3: A mixture of 0.132 g (0.5 mmol) N-methyl-N-cyanomethyl-3,3-

20 diphenylpropylamine (from step 2) and 0. 183 g (0.55 mmol) azi(iotributyltin (Aldrich) was stirred
at 80°C under argon for 16 hours. The reaction mixture was suspended with 1 M solution of
hydrogen chloride in,diethyl cther (Aldrich) and the precipitated yellow wax was purified by
‘preparative TLC with 0% mcthanol in ethyl acetate to give 0.06 g (vield 35%)

‘N-methyl-N-[( l.H-tetrazol-S-\'I)'mcthvl|-3.3-diphenylpropylamine hydrochloride (Compound

25 Al46) as a white powdcr Iy NMR (DMSO-d6, 300 MHz) 7.30-7:16 (m. 10 H), 4.11 (s, 2 H),

3.97 (t, 1 H), 2.60 (br. s, 2 H), 245 (s, 3H) 2.36 (br. s, 2H).

Example 13C Additional Syntheses Using the Procedure of Example 13B:

Compound A133 was prepared by treatment of compound A30 with azidotributyltin as

. described 5bovc in Example 13B (Step 3) - yield 11%.



A 124 (A 126, 62% A 131 (A 132, 82% . A 135 (A 134, 929% Al136 (Al45. 98%
Al37 (Al164. 85% Al44 (A 158, 43% A 152 (A 156. 58% A 154 (A 160, 98% A
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178. 72% A 184 (. 179. 98% + 13.5' § | +19.00 (c 2.93. +I13.7 (c
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di chl or onglhang, t \ rate nd the
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(m 210"k Bl aRgs pld s SRR Pt 16 GO LR g0, 55 s o0
élf;,cl gung(7 QDEHB ) (etRaxybadndny kefethyD)E3 - phd}aa-('53nﬂﬂo?&7m@lﬁdphmy)§a)pyﬂanlmczuuzrgnodxég 58,

9, 35 4 Ste xture of 0.72 g (2.9

N-cyanomal“}\ fipoynds/ M%ﬁ%ﬁgﬁﬁ?%@V%ﬁW@p‘fP?%‘m step 1), 0 49g (3.4 mml)
i odomet hamRampld 13 - @répapstionss Cells EQrBemaGvT-1 aRd Giyigetonitrile was stirred
at roo terrperg_&uure for 16 hours. The reaction mxture was diluted with
di chl oronet hané s FXample sk for M‘I‘TW@F‘“@H@“%I@X@F&WWW@&H& QR t he
resi due chgrmat ographed on silica gel colum with 20%ethyl acetate in :
hexanes to give 0.33 g (yield 43% N nethyl-N cvanonet hvl -3, 3-
di phenyl pr opy! &% %ée"agembamed famcymesisan Bype iCulturg :ﬁioﬂccaqdmgessmmumqq CDCl 3,
300 VHz) 3 , 2 38 (t, 2

2.32 &E‘L . oy (%%% ’I‘%“m @pg' Wi Bl Ml 14°¢sicd 5 mol)
N— et hyl - @moSﬂeLmyft Ml):ilemaﬁﬂp'ﬁegrml )mmpgthamd m@be( fW/omMsephcﬁbhawd%O 183 g

(0.55 otrlbt n rred under argon for
16 hour's. lt%‘af!u%Vrugeas(‘:z 10 ai’d lu/Fé mcdlgm’gtﬁ%"boé'ﬁ&‘é‘ Wﬂﬂ apd F\%%T‘lﬁﬁ"&ﬂ‘yﬁ\‘l toxgde 4r ogen
chl ori de (BM80DeSigyh). e@tharsolufdrd néquingd fangrotving op ramtepliniga) B6 cyRlidcidedrax Was

0
puri 11ed by DERAIRAYTHG R, HE0BR P8Rk G LR 0 8T VE

N- et hy| - Ne)if ITE: tidre ez OINDimeMbes I T, -Gly B8l gyl greprhamiangidiedr ochl ori de
( Compound :

expression vector . The DNA used was as defined below.
20 PBS: Standard phosphate buffered saline, pH 7.4 including | mM CaCly and | mM
MgCl5 sterilized through 0.2 y filter.

TBS One ml of Solution B 10 ml of Solution A; brought to 100 ml with dxsulled H»0;
ﬁlter sterilized and stored at 4°C.
TE: 0.01 M Tnis, 0.001 M EDTA, pH8.0.
25 © DEAE dextran: Sigma, #D-9885. A stock solution was prepared consisting of 0.1% (1
~mg/ml) of the DEAE dextran in TBS. The stock solution was filter sterilized and frozen in | ml
aliquots. |
. Chloroquine: Sigma, #C-6628. A stock solution was prepared consisting of 100 mM
_chl;)roquine in HyO. The stock solution was filter-stenilized and stored in 0.5 ml aliquots, frozen.

30 Solution A (10X):
NaCl 8.00¢g
KCl ' 038g

Na;HPO;  020g



25 A 146) as a white powder. I H NWVR (DMSO-d6, 300 MHz) 7.30-7.16 (m 10
H, 4.11 (s, 2 H, 3.97 (t, I H, 2.60 (br. s, 2 H. 2.45 (s, 3H), 2.36
(br. s, 2H). Exanple 13C Additional Syntheses Using the Procedure of
Exanpl e 13B: Conpound A 133 was prepared by treatnent of conpound A30 with
azidotributyltin as described above in Exanple 13B (Step 3) - yield 11%
-64- Exanple 13D Synthesis of Dimet hviféethoxvcarbonyl net hyl ) 13- phenyl - 3-
(4-trifluoronethyl phenoxy) propyl |l ammoni um i odi de (Conpound A148) A
~solution of 0. 152 gi§0as38 nMMalgo g

N-[ 3- phenyl -3-(4-trifluoronet hvliphenoxy)propy[ ~ sarcosine ethyl est er.
(Cormpound A21) Thheplysiop s gdiysiedga P/ yith g&bﬁ’é‘{%ﬁ%'ﬁ’%o ol with istled foOnas 5

heat ed under.refl ux for rs and the solvent evaporated. The residue was
washed th:rmedreﬁl{elr ?rtégﬁ(z\?\?f%“goﬁ%&;a rr(?)otﬁr}sgaﬁpgtaﬁﬁ et her and dried under vacuumto

‘give 0.175g (yield 8bBdion B (100X):
di nmet hgl (et hoxycar bonyl rr? E&I < phenyl -13: 4-trifluoronet hyl phenoxy) propyl |
anmoni dm i odi de  ( Conpound as a pa? yel | ow hygroscopi ¢ powder.

Exanpl e 14 - Preparation gfci$elhle Expressjpg A yT-1 and GyT-2 10 This
exanpl e sets forth net hodsé a??g %rat erials 'uged for grow ng and transfecting

Qr-6 cells. QFnésdhftioh a¥Brotgield BioNRICkitly QEIATHSO CAD Ak¥PLeribddt the Solfi@dn! €Ct i ON
(Accession No. ATCC CRL-1708). Conplete Qr-6 nmediumfor growing QI-6 is

Medi um 196ag GergsrereCitanoms geimper@ompany, St. Louis, MO, hereinafter "Sigma")

suppl enented t - 10% 0 te: o%A5 fetal bovinpe

(Sigma); 1% peg%gglgl Ijtlg)or{m}s\{ %g%lt gﬁy’“@?ﬁiggﬁg‘rﬁﬁ C/?i(#%l’ lf‘ﬂ}@t“g’:ﬁeeb mmpKCE T

di met Ryl spbh Qs : Sl fBhH SRef 4 sol utions required for grow ng or
transfecting %%%’H@%cl uded: IQBNA/ DEAE M x: 450 1 TBS, 450 .& DEAE

Dextran (Si gmayianddid grbth dnd @hsshhify frdcddhres Gsed uereVild 5lRwE:NEclINRd BEWAEBES
AyT-1a, GéLﬁyT-I b, dyT-lc, or AyT-2, in a suitable_: exgressi on vector .
The DNA us&dmifiasks, Fonpgssaging. flls §ire vashadiwice with yaam HBSA 43 pheach “aelp+ dved

sal ine, phi df £0.09% tYDEDTARMuGSGIZ RBE, the MeurdBSd Rvidddeihkd ihé 85pPEDREN 0. 2
pfilter. TBS: One of Solution B, 10 m of Solution A, brought to 100 m

wi th di st #9l4ten wapaspiratedd puiekdy sTheyquithezengs Shem insubptedpbent 2amnutgsptuntd cgls 1 Tr i s,
0. 001 M ELHyMhelrb f Qf??% rﬁlg%&‘ia;%&aaaﬂa thelcElBverd kit ARlodged By QG 1ROHYT | ON was
. 0

prepared consisting o 1£h
flask and tapping its bottom. The cells were removed and transferred to a 15 ml conical tube,

centﬁfug_ed at 1000 x g for 10 minutes, and resuspended in 10 ml of QT-6 medium. A sample was

removed for counting, the cells were then diluted further to a concentration of 1 x 103 celis/ml
ustng QT-6 medium, and 65 ml of the culture was added per 225 ml flask of passaged cells.
20 Transfection was accomplished using cDNA's prepared as follows:
' The rat GlyT-2 (rGlyT-2) clone used contains the entire sequence of rGlyT-2 cloned into
pBluescnipt SK+(Stratagene) as an Eco Rl - Hind [I fragment, as described in Liu et al., J. Biol.
| Chem. 268, 22802-22808 (1993). GlyT-2 was then subcloned into the pRc/RSV. vector as |
- follows: A PCR fragment corresponding to nucleotudes 208 to 702 of the rGlyT-2 sequence was
25 amplified by PCR using the oligonucleotide: 5'GGGGGAAGCTTATGGATTGCAGTGCTCC 3'
as the 5' primer and t.he"oligonucleotidc: '
5' GGGGGGGTACCCAACACCACTGTGCTCTG 3' as the 3' primer. This created a Hind IIl
sité immediately upstream of the translation start site. This fragment, which contained a Kpn [ site
at the 3‘ end, along with a Kpn | - Pvu I fragment containing the remainder of the coding
30  sequence of rGlyT-2. were cloned. into pBluescript SK+ previously digested with Hind {1l and Sma
[Lina tl_ue‘e pan'ligation. A Hind III - Xba 1 fragment from this clone was then subcloned into the
pRc/RSV vector. The resulting construct c.ontains nucleotides 208 to 2720 of the rGlyT-2 nucleic

acid in the pRc/RSV expression vector.



ng/ M) of the DEAE dextran in TBS. The stock solution was filter sterilized
and frozen in | m aliquots. Chloroquine: Sigma, #C 6628. A stock solution
was prepared consisting of 100 mM chloroquine in H2O The stock solution
was filter-sterilized and stored in 0.5 m aliquots, frozen. 30 Solution A
(I OX): Nad 8.00 g KC 0.38 g Na2l-1RO4 0.20 g -65- Tns base 3.00 g The
solution was adjusted to pH 7.5 with HI brought to 100.0 m wth
distilled H2O and filter-sterilized and stored at room tenperature.

Sol ution B (100)@ hurfan@@ICT A a 2HAOT -1a belghe ubdiChbrta b sdqubhcd of @B HbLON Was
brought to w th di '%I ed H20, agg/fl |ter-sterilized; the solution
was then &t ?088@ Basitiep o84 'P?ﬁ{% Flagedyinto the&e/C MY gy (fuytgogen. St BiRgHERES 2 | Ml

Cadl 2, 10 Hid gl xt5a08 Ragreni M dkietibed ih KirhQt VM BrdmkdeS). 49060\156tl¢d|9%tfh§\1804 to
pH 7. 4. St andard growt h and passagi ng procedures used were as follo

Cel I s wer EDYrofFpding Glpbda aqrually genainedthe figsh bsauglentdes tcormpspondinedo wadined t wi ce
W th war max'ﬁﬁ§§cn(tg) ofthe (RAEMa YWRRdhLe frJﬂW’at T d&f&mﬂn&x%é Eéﬁﬁén@é F({:ﬁl;@\ gol ution

was added, the culture -was swirled, thent 1ryp5|n I'On was
aspirat edepd" bkwvas, diffdsent gnthis yegtonaths St tagin oﬁhﬁlbﬁﬂe&omtmdeouze ritn2iRess (unt i |

cells lif f f t added an ceI wer e
further E)bt%%cfpb d‘)a %‘d aﬂ@f‘ﬁﬁ]agon"éfc%fNA%d § Fﬁg&sﬁ-‘g T 9P gegtbtv cells
wer e rermv(éedthemuhrg rMD}sf'Erergeﬁb sipecnﬁc dx’fmeni G@*«IAEETGTAID‘EAGAGGEUGfuged at 1000
x g for 10 m nu £ um.,Agﬁrrple was
renoved f8?”eé%°"ﬁk“¥ h°g““°f‘j’ﬂ‘é ¢ é?‘io PE“’? Hég( n'1ial Sﬁ‘!“ﬁ'grf ﬁﬁ‘ﬁ tofpgmg cDNA
concenttor atyneesio frot himidbramahRINANind thsden@spebifibpameéli s5im and 65 ml of the
sccompl | SHEAAG TRECERAAGGARF I oharps e RIS AP DT OF Gy T 2)
acconpl i 3 y

cl one useﬂcmn&%&m&h@m&d foﬁPemH@nﬁ&ue& se%éﬁlmg oﬁéhgrseﬁiglb%ﬂclﬁ%uescnpt
SK+(Strat agene) as an Eco Rl - I11 fragnment, described 'n Liu et

al . BFifirmedcthat the firgtgl7 nzszlsmemf@e@nq feqocye aremuczl ndgmarhasd refBETdmed
i nt O t he pRC/ Rﬂé N&%Qfly’ﬁQb (hGlyT-1b) clone used contains the sequence of hGlyT-1b from

15  nucleotide position 213 to 2274 cloned into the pRc/CMYV vector as a Hind 111 - Xba I fragment as
described in Kim et al., Mol, Pharmacol., 45, 608-617; 1994, |
The human GlyT-1c (hGlyT-1c) clone used contains the sequence of hGlyT-1c from

nucleotide position 2 13 to 2336 cloned intb the pRc/CMYV vector (Invitrogen) as a Hind III - Xba [
fragment as descnibed in Kim et al., Mol. Pharmacol., 45, 608-617, 1994. The Hind Il - Xba

20  fragment of hGlyT-lc from this clone was then subcloned into the pRc/RSV vector. Transfection
expenments were performed with GlyT-lc in both the pR¢/RSV and pRc¢/CMYV expression
vectors. |

The following four day procedure for the tranfections was used:

On day 1, QT-6 cells were plated at a density of 1 x 106 cells in 10 ml of complete QT-6
25 medium in 100 mm dishes.
On day 2, the media was aspirated and the cells were washed with 10 ml of PBS followed
_ by 10 ml of TBS. The TBS was aspirated, and then | ml of the DEAE/DNA mix was added to |
the plate. The piate was swirled in the hood every 5 minutes. After 30 minutes, 8 ml of 80 uM
* chloroquine, in 'QT-6 medium was added and the culture was incubated for 2.5 hours at 37°C and

30 5% CO;. The medium was then aspirated and the cells were.washed two times with complete QT-

6 media, then 100 ml complete QT-6 media was added and the cells were retumed to the

mcubator



follows: A PCR fragnent corresponding to nucleotides 208 to 702 of the

rd yT-2 sequence was 25 anplified by PCR using the oligonucleotide:

5' GGECGAAGCTTATGGATTGCAGTIGCTCC 3¢ as the 5 priner and the

ol i gonucl eotide: 5 GGGEGEGTACCCAACACCACTGTCGCTCTG 3' as the 3' prinmer. This

created a Hnd Il site imrediately up%t,]ream of the translation start
site. This fragnent, which contained a Kpn | site at the 3' end, along
with a Kpn I - Pvu Il fragnent containing the renainder of the codi ng 30

sequence of rd pdda: 3. WRIcelsGleORMoldatQih 2 f 0\ est ed
with Hind Il and Sma |, in a three pgrglle i gatl%sﬁiéithqeé{JgQ%Jﬂ&/plQ%g,no

f ragment fwhommsmwsmemmawstexhappxsubaienmdm adigwkine pRc/ RSV vector. The
resul ting constgbu%fo ,t.aiQ nucl eot i de éB to 2720 of the rAyT-2 nucleic
acid in the pRel'R >‘?§?‘B% ?"Sﬁo'f/‘éﬁst“éfa‘e prglepdan GyT- | a (hA % T- |
a) clone UBEGhitOIE B\Rsy b EraBHAHEVIE €1PT- mGloJT-zltra?.s.EJrEm nucl eoti de position
183 to 2108 clo ed into Q‘g pRc/ CW vector (Invitrogén. San Diego. CA) as a
Hind I'1P-Xba | %@ﬁ’é‘ﬁ'ﬁ “‘?J‘%ssacrf‘f%‘é’cfof the REespuEsmeny of glyging pptalpiartrrasfodted, 45,
608- 617, 1&fdredddMss CDNA encoding G yT-la actually contained the first 17
nucleotldes (corresponding to the first 6 5 amno acids) of the AyT-la
sequence from r BensiephGlydtteansfedied criiegraen mtﬁqeoré@quenbéxzmliplhmae wﬁ‘ihy:a' thleca WAS -
di fferent i g om nucl de Ito
212 vas - Ol aatre S Bered An (A TRD S s | PP e

obt ai ned by rapi ation o
syst em supilet REctDY sdiitids W aBilded EdmpiirdiI oSN [T gfVEhe ( rg,ﬁg rimer:
5' CCACATTGTAGT,CAGA%'G(ECG 3 gorrespﬁc}ﬁ{jl ng[to] nucl el-(l);tl es @%%Ht%gh%éé gf t he
hd yT- I3 otae campeites (BsmMgioprariinectivslicingordgi teengationaifa karivatehing). n

MRNA, - and 4 PR OSNEncRESbES reh %&“@8' %}GAA
correspondi nggto nrllJC eo?lgdoggg454 (Eaéecﬁggiwo the < y‘P Gé(ﬁTtﬂ’ééhe was used
for PCR arrohdefitratiqn reswitingSe 0%rvf thegffodt (¢.41j the BC 505, odhicharethe G)r)é&'nda&onsfw dfigr med

that the first 17 nucl eotides of coding sequence are identical in human and
rat G yT- I'Bubiteelygineuptaly §730%). Jhe petis ywereithes)inqubatadanothet | @ minuts as3 PG e

T, 7 I d t
__.fﬁguggg/e C%Aft}e{/\glé%'hotf}é%cgs gErQ'ILp]réteB‘iﬁé @%‘w@;ﬁcm@& &h@lm&é @cfﬁ’ﬁ Ried 1 nto

Vb . hpfysstedaecitliantags a@@etoe!nercells,QMellsTherehhakanfoewifunutesmdh@ yT-1¢)

'clone used c from nucleoti osi tion
213 to 233%&%?%%3’? .‘*‘%?%‘S? %g&&&?éﬁbﬁ S T'a" CRIVAET rB%Y“&?‘BPﬂdrPg‘WeFfr - Xba
| fragnerthe same didls Gq’nutmd or nothtmmd tla C,ancMiﬂte @mmﬂﬁabeen cels havotdSG10E4, 1994,

- The Hi nd LY e \er'bl?'SC% g/@? of hAyT-l.c frgmth cl one was then a
~subcl oned ThS ‘The cl)aﬁg Pelct 3viondspeoding pp assé& g sPefctedywer e per f or med

with G yTHxample lbemhsixhxwgla_ﬁ_{ﬂWMD@l RRegteV expressi on

20 This example illustrates binding assays to measure interaction of compounds with the

glvcine site on the NMDA receptor.

Direct binding of [3H'|glycine to the NMDA-glycine éit_e was performed according to the
 method of Grimwood et al., Molecular Pharmacology, 41, 923-930 (1992); Yoneda et al., §. _

Neurochem, 62, 102-112 (1994).
25 Preparation of membranes for the binding test required application of a series of standard
" methods. Unless otherwise specified. tissues and horhogenates were kept on ice and _
centrifugations were conducted at 4°C. Homogenizations were conducted with an effort to
munumize resulting rise.in tissue/homogenate temperature. The membrane preparation included the
_ following steps: | ' . l.
30 A Sacnifice and decapitate fbﬁ: rats; remove cortices and hippocampi.
B. Homogenize tissu:: in twenty volumc; of 0.32 M sucrose/S mM Trs-Acetate

(pH 7.4) with 20 strokes of a glass/teflon homogenizer. .



vectors. The follow ng four day procedure for the tranfections was used: On
day 1, QI-6 cells were plated at a density of | x 106 cells in 10 m of
conplete QIr-6 25 nmediumin 100 mm di shes. On day 2, the nedia was.
aspirated and the cells were washed with 10 m of PBS followed by 10 m of
TBS. The TBS was aspirated, and then I_dgh_ of the DEAE/DNA ni x was added to
the plate. The plate was swirled in the hood every 5 mnutes. After 30
mnutes, 8 mM of 80 M chloroquine, in Q-6 nedium was added and the

cul ture was i ncubat ectehmfugz IISSUBQUT(EO&tg B eindRe S0 §t/;9e99%m Tﬂ?usg&% c[

then aspirated and the cag were washed two tines with co

medi a, then 100 m compPE ”@f’oé pidiaad Wi@gaﬂﬁé‘éalanﬁﬂﬂh@gcék h@nqgem&:d
returned to the i nceitk aid condidre :@upﬁﬁarﬁt “&K'&eg%{?ﬁs adugmoved with
trypsi ni EDTA as descri bed above. and plated 1Int s of 96-wel | assay

pl ates at Dappr oxi mat &°9‘”§58"f65°@b‘|“?d59/“m4mt5 10889 < 4. fong/mnmnestDafneqnort was
assayed (see Exanpl e gkl ema@g@rrpl e 15 - Assay of Transport Via AyT-1 or

G yT-2 transporters 5 Th| s exanple illustrates a nethod for the neasurenent
of gl vci nE- upt ake by Resuspenl thetpetiet ic2f) volumessl o€ M TrisFAedtae Qibt 7.4). Stir the

G yT-transfected cell Q) 1 e2CCO dance th Exanple 14 were washed
sEadRfpnid 5 &

three times with HE ered sar e g“i‘ﬁéuse s1og at 0. Q00 gofqr 30

i ncubat ed 10 mi nutes nattuté%?(l)lscazafthmpeﬂintﬂhaiﬁ ts&lzeuht flict@Batadiderd HoQRL ai ni ng
50 nM [ 3HLgl yci ne (1&65 G/ % gr é' % no 10 potential conpetitor,
(b) 10 nonr adi oact v erge ;‘)g%ﬁ ftgem SEE)’ ’a{“ Bhoeskate EH‘?%KP'BM aHIah di date
drug. 10A range of cobagdiingt.i Brapondf (Wi CHeRRRECST SIILNES td@%%g)n
generate data for calculati.ng the concentration resulting of the

effect (e.g., the 1cS‘f5’§"“‘RR>H‘P'b<Pf Ifpgm{. h'eea&%?{b'e%@féqinen@sOCemmge thé nhi bi ti ng
gl yci ne uptake by 50%spentidR aCe),009 VEHE3E BRIk, nﬁ&gﬂﬁ? gfenﬁrsa omnrﬂ'nut es at
hed

37C, after which the cells were aspirated and reetl _
i ce-col d HBS. The ceP'ilf’Scrmemréuaqas%s&@aspesxtuhnmllet naﬁtnsmstaacwdﬁdaw the .

cells, the cells wer nd radi oactivity in the
&n%gﬁrlﬁﬁ(gh el nfkglt'llrgng Wegz% 1 ﬁlquo

cells vas counted using a scintil ion counter. ta wer e conpared between
the sdfe €ells contafnday @reenemomntaamtoedfrbg:ntaaxeaaditﬁaﬁ&nagenﬂute ﬂ:ed bet ween

cells having AyT- Y aV| n T- i vit

dependi ng on the ass%l;%el%)ng&%’lon uc b" dfg"m 43980(% ‘Blfﬁfcﬂone to
NVDA Receptors 20 Thmmue‘xalmleet thd ‘lvmtsreat\ense hbrﬁ%rmgoﬁmy»&sh@ IRRASHENE
interaction of Cormobllnglgal pel et attahceoncentraUOn of |1 mg/ml in glycine-free Tris-Acetate buffer.

The binding test was performed in eppendorf tubes containing 150 ug of membrane

- 20 protein and 50 nM [3H]glycinc in a volume of 0.5 ml. Non-specific binding was determined with
| mM glycine. Drugs were dissolved in assay_buffer (50 mM Tns-acetate, pH 7.4) or DMSO
(final concentration of 0.1%). Membranes wcre incubated on ice for 30 minutes and bound
radioligand was separated from free radioligﬁnd by ﬁlt_l"ation on Whatman GF/B glass fiber filters
or by centrifugation (18,000 x g, 20 min). Filters or pellet was washed three ﬁnies quickly with
- 25  ice~cold 5 mM Tris-acetate buffer._ Filters were dried and placed in scintillation tubes and
| counted. Pellets were dissolved in deoxycholate/NaOH (0.1 N) solution overnight, neutralized and

radioactivity was determined by scintillation counting.

A second binding test for the NMDA-glycine site used [3H]dichlorokynurenic acid
(DCKA) and membranes prepared as above. See, Yoneda et al., J. Neurochem. 60,634-645

30 (1993). The binding assay was performed as described for [.3H]glycine above except that

[PHIDCKA was used to label the glycine site. The final concentration of [3H]DCKA was 10 nM,

and the assay was performed for 10 minutes on ice.



glycine site on the NVDA receptor. Direct binding of [3H glycine to the
NVDA- gl yci ne site was perfornmed according to the nethod of G i mwod et

al ., Mol ecul ar Pharnmacol ogy, 41, 923-930 (1992); Yoneda et al., J.
Neurochem 62 102-112 (1994). 25 Preparation of menbranes for the binding
test required application of a series of standard nethods. Unless

ot herwi se specified, tissues and honoggnates were kept on ice and

cent nfugati ons were conducted at 4C. nmogeni zati.ons were conducted with
an effort to ti ssue/ honogenate tenperature. The

e result
menbr ane prepﬁ‘ra‘t"}éc?ﬂ‘%l ft%Fj°rﬁ%gkﬁgTﬁé&ﬁ%ﬁw§ﬁgﬁﬁhmga§ﬁ“ﬁem§£éWPF\@é
and. decapydial fr 04k S AhSsud ERUAERIFY geni ze
tissue i nétvventry Umes ‘gngo 32nd(|{r/l%sou %@?e g@ln@ %p@ rré@e%apﬁemer?ra 7.4) with
20 str okBsm@f_H_thﬂsgl 6&fl8ar 9h0k9@@erﬂr@eranon of-nfrbrdges tﬁ‘emb tesf wigehdsamsue at
1000 x g n Resuspend. pe in small vol ume of
buf f er ad&hEﬂ;genfgggggéfﬁﬁH%e ra éﬁ&?%ry @ﬁ%@@%aﬁ ﬂpnﬁﬁllet and conbi ne
t he sdper nat afibe thicd hmtilhgetcﬁxr\enlopuscc&tmp&rnna’caaﬁgomdﬁ as@eirkysi lowey éthe conbi ned
supernatants at 40.000, x for, 30 mn scard the supernatant. E.
Resus penﬁ‘e‘f‘ﬁrém‘ﬂe‘lefeeﬂd%dr{o é‘gns\/?:flat?ﬁéé"“@fa‘% E‘Rﬁ ‘I’% guiamaratbeipprdalveyne (280 1 t he
suspensi M) ol vafibusfcarceMRRioRd lthe 1aRY thibk tgRd t Tig a§§&$|@~%§‘§th@&i RlnHaP99 x g for
30 nminutes. Discard the supernatant and freeze the pellet for at Ieast 24
hours. Fof Re¥ lﬂ%l'ﬂ)]é/ﬂ@w h@3|@e¢lln@nol)‘ I“(bﬂ:h@tnéptOBhd nnn ¢hasneAmsscb<mt@i \bthf[fJMDA( 5 M pH.
7.4) 10 n|n m cal Louis) to a
protein Le c?nocrsén q-’["lalovr? or OF& ‘Vaizoov% easls%v “afsc?Frf‘?U‘e‘flrf%dt B¢ At Cent ri f uge
the l1Suspemstmperire. 4BolﬁﬂGad(oagtuf1QI’“a3@e;ﬁ}alfﬂdtfﬁﬁm frd3ey WRRRI0A Jsihga MOIMERC i N
saponin-free buffer and centrlfu? galn Resuspend the pellet in
Tri s- Acelaayesteh fApagonist acyvity g drdigared by Berressing frdiegotimity asseciatecbwistithe n al i quot s.
15 G ONSmA kht’fp@ﬁnvnt'h@ﬁ@éﬁ@in%&n@érﬂtﬂ%tofme wRabpapes and thaw on ice. Dilute
the suspension into 10 ri s-Acetate buffer and centrifuge at 40,000 x ¢
for 30 mi nut & thirkbadips tefavanaptiated tepdentify cgominsy by redfermang the &bt aefab@ewas hes.
Resuspend.ceg: i fhi ea,lceml J,rﬁafggtcm@wgpmmr AL Qi w@/naﬁmé gLy a's.?,e f ree
Tris-Acetate buffer. test was perftor nmed d’or '
cont 3P ni rﬁ@log_qg@mgasmuaﬁ@nﬁphéh@NM DA receptor with i increasing concentratlon of thc tested

ligand.

Example 17 - Assay of Calcium Flux

This example illustrates a protocol for measuring calcium flux in primary neuronal calls.

The calctum flux measurement is performed in primary neuronal cell cultures. which are
20  prepared from rat fetal cortices dissected from pregnant rats using standard procedures and
techniques that require sterile dissecting equipment, a microscope and defined medium. The

protocol used was adapted from Lu et al., Proc. Natl. Acad. Sci. USA, 88, 6289-6292 (1991).

~ Defined medium is prepared in advance in accordance with the following recipe:

Components Source (catalogue #) Final Concentration
D-glucose Sigma (G-7021) 0.6%
 transferrin Stgma (T-2252) 100 pg/ml
insulin © Sigma (1-3500) 25 pe/ml
progestcrone Sigma (P-6149) 20 nM
putrcséine' Sigma (P-7505) . 60uM
selenium Sigma (S-5261) 30 nM
pen-strep * GIBCO (153070-014) 0.5 U-0.5 pg/ml
_ 'L-glu-taminc* GIBCO (25030-016) 146 mg/l

MEM® | GIBCO (11095 or 11090) 500 ml/l



20 protein and 50 nM[3H] glycine in a volume of 0.5 m. Non-specific

bi nding was determned with 1 nMglycine. Drugs were dissolved in assay
buffer (50 nmM Tris-acetate, pH 7.4) or DMSO (final concentration of 0.19%.
Menbranes were incubated on ice for 30 m nutes and bound radioligand was
separated fromfree radioligand by filtration on Wiatman GFB gl ass fi ber
filters or by centrifugation (18,00Q g, 20 mn). Filters or pellet was
washed three tines quickly with 25 ice-cold 5 nM Tri s-acetate buffer.
Filters wgne dried and pigeed ifsgci ntill atiygn, fubes and counted. Pellets
wer e di ssolved in deoxycholate/NaOH (0.1 N) solution overnight, neutralized
and radioactivity was determ ned by scintillation counting. A second

bi ndi ng test for the.sNVDA-gl ¥Gi ite used . [ di chl or okynureni c acid
(DCKA) and menbr anes 8%5%? 'eé%gés]%é l \7@?“ cad 3@?@15@'3?"‘3?‘%}“\]. Neur ochem .
60, 634- 645 30 (19934addPhiy vicmM N vatbaa L -glasmpeisfsivedred as descri bed for

[ 3H] gl yci ne above exce hat.ﬁ%ﬁ ' s used to |abel the glycine site.
The final concentrat ?‘SREﬁS”T@ Mﬁgg THRA ’eS&‘i‘?ﬂ“%he assay was performed
for 1@ minutes on ice. 69- Athird binding test used for the NVDA-glycine
site used indirect assessnent of affinity of ligands for the site by
measuring t heBePrdiafeche ¢ SryRPRISBIEULEE Pl Msfereepted sk polpiatinel0tind Buns,
J. Neur Oﬁé)ﬁmor atqgast i(grznfnlxgﬁat(ﬁ’g@)@nd uPaEl?eHQJiﬁt 'sﬂnecp\t' e VA*PJoaQﬁét TIQ:I / t.he test
was the sanme as above. The binding assay a lowed Separat e det &ction of

ant agoni eontriranedwageshpitesile Gudetbssedting equiinmed! (sgssossand weeszeop endigeedtaltsetsi dent i fy
ant agoni L 0]0) of hr.anes _were added to 'wells of .a
o6 no 1 Giihpisskitok B kAol s, RIS IS M By BB 0ert Bl ek e
vari d0s ek evih78Yd awbolahd blveghtitgtn disteotidgaatile sA @etri dishevidassl\phvspbatst art ed by

the additigon , of 3 -801 (23.9 C,/ l.), which binds to the ion
channel %’sﬂg(r)e isagl "52"%%‘ asll‘-i%lﬁ °"r"éec'§aeﬁft8?}ée.plalcﬁmép?%§ﬁ‘éﬂ°"vol ume of the assay was
200 pl. The aspeagnamsat TS @rired afrdal flor BlilltofAl abLnimale ($doAARE PAY, 1@ or Bound
radi oactlvit Was sgg)gléated fro ree by filtration, using_a TOMIEC

\ f :
har vest ef® 3t ARESHYN™ B P 20695 F Arost Wil Byvag BreceRssonhig Theddfi et i vity
associ at ggd w4t h& [WE,% rEES0E OF 4 &by 1 ' g ratlpn. of the
tested i ggng’. ‘n"TJ??e ot?n rd bBi tndlﬁn“gg(g)e: éésé%&l\?\%sgg%‘ga?g%dggt}ﬁg)%ﬁggr?fﬁ yaosg('d'dmsst s by
per f &b m qugjandyemped fromsthairoy ef, intemtc éptecand phir bhwisson sentsedtd anthofuglghndci ne was
200 nM i VLY s I ndihecat ed increasin 5 joagtivity
associ at @gg% [F %p r?'?]atéil IQIW%A" p%gesf) So?ﬁ‘w e 7 rfé?sé'éaésip%ﬁag'gtﬁ’c%en oldgﬁsgwgof t he
test ed trangaomed toExaerid ood7 - Assay of Calcium Flux This exanple illustrates

a protocol foy, nmeasuring calciumflux. in primary. neurgnal calls,
P {"hc prcnalati pups werc rcmoved from the sac and%cz%ntatey e skulls were then

removed and the brains were carefully dislodged and placed into a clean petri dish with cold PBS.

20 At this point, it was neccssary to procecd with a dissecting microscope. The brain was turned so
that the cortices weré contacting the platc and the tissue between the dissector and the cortex
(striatum and other brain parts) was scooped out. The hippocampus and.olfactory bulb were cut
away from the cortex. Then the tissue was turned over and the meninges were removed with
tweezers. The remaining tissue (conex)'was placed in a small petn dish with defined media.

25 The tissue was chopped with a scalpel and then triturated with a glass pipet that had been.
ﬁré polished. The chopped, triturated tissue was then transferréd to a sterile plastic tube and
continued to be triturated with a glass pipet with a finer opening. Cells were counted in a suitable
counting chamber. Cells were pldtcd at roughly 40,000 cells/weil in 100 pl of defined medium for
96-well plates, 200,000 cclls/well in 500 ulin 24—well plates, 400,000 cells/well in | ml in 12-well

30 plates, 1.5 x 103 cclis/35 mm dish in 1.5 ml and 10 x 108 cells/100 mm dish in 10 ml. To inhibit
glia growth, cultures were treated with 100 uM 5-flouro-2-deoxyuridine (FDUR,'Sigkna (F-0503))
or 50/uM uridine (Sigma (U-3003)) and 50 uM FDUR.



The cal cium flux neasurenent is perforned in primary neuronal cel

cultures.. which are 20 prepared fromrat fetal cortices dissected from
pregnant rats using standard procedures and techniques that require sterile
di ssecting equi pnent, a mcroscope and defined nedium The protocol used
was adapted fromLu et al., Proc. Nat'l. Acad. Sci. USA, 88, 6289-6292
(1991.). Defined nmediumis prepared_ kp_advance in accordance wth the
foll owi ng reci pe: Conponents Source (catalogue 4) Final Cbncentration

D- gl ucose Si G—702 1 %tr rr| T-2252 /m

insulin Sigma '§%66ym"§€%’§fﬁﬂmgﬁﬁa Yﬁ?a”SV%Héofb éﬁ%

putr eSCitlﬂﬁicSﬁ@rfﬁed(lﬂr RASIE ) Blﬁbvp Mr 7301 semumoi;tgm s(eSm‘éaﬁﬂa)m@QndaM( I@en-strcp
G BCO (15070-014) 0.5 U-0.5 gl ut am ne* G BCO (25030-016) 146 ng/|l -
MEM G Béé“c&aftb%dé?‘a‘l%tféﬁ}‘msgg/°rﬁjf°°se wy TR0y csphppgng halfiof ghsymedg. g / |

pen- st r eRituirs A0R uskddnePENdGH bf infubadish ik vAR0 Taé eduu%semeqn%&d three igéldyi@n! y when
MEM wi t hout L- 8Lutan1ne is used with L-glutam ne or w thout L-glutam ne,

r espett eSS huffecod spatrah gplt lutian. s3ueining h20 mMshafd, ThMMIKELpl ates were
treated \y hfy @mngbymme@t@%ngm ghu®se; ah HPE@NWated Andhditled %o @Ix 734¢) and
washed with distfliled water. A'so, a netal tray contalnlng ts of

st eri | e NaOMI&vhebh € alsd A@deid HPVTERter. S theStird wadhdtht M&Z@\M&)moﬁﬁﬂecﬁ:ﬁver al sets
of finer'gissectin tools was autoclaved. A pair of scissors and tweezers
vere pl dédfardl e Fuigrti e 10 beaker mnth 70% al cohol and brought to the

di ssecting t agjoku%ons coReltnEnlg 4?F YglOB(pdp pgg h%tr ?estxlg ofrtzgr{tr%% Sal ine (PBS)

was placed onice Next ace i'ssectl on Yt (E 15 or
16 opy ar 'f' r[iﬁ{l%h |J ﬁ@ﬁs Hnlﬁéd%l}-@é?or@‘me%@ 46656t Mﬂﬁiloﬁ's wcP é‘sddeg c;]rlZur&)rwc:re']'8 at
dlssectlo ) was placed in a dry ice chanber until 1t was unconsci ous.

The rat «Welfed thREWVUR HCSBI 4Haedo mootaﬂ5b:atk|salguxod pee wall @as sded] bfeSate AtQNnAS
swabbed mnth 70% al cohol , and skin was. 15 cut and renoved fronlthe area of
i nt er estlhe aulesgs e ipebRteg for d fmunigsat foom teraRaptys, Tged BFsF HRGHVHHEACSSenove t he

rFJ)rB gnat gland P e ScittMalidiBiqhidSRE Vel WhEadatd, kMBwaS bySREIRIng RS atltACBmihittO the col d
an

Retained radioactivity was counted in a scintillation counter.

15 Example 18 - Synthesis of N-(3-Cyano-3i3-diph_envI-)propyl—Z-piperidinecarbox'ylic
acid methyl ester (Compound B9)

A mixture QFO.B g (1 mmol) of 4-bromo-2,2-diphenyl butyronitrile (Aldrich, Milwaukee,

WI), 0.359 g (2 mmol) methyl pipecolinate hydrochloride (Aldrich), 0.553 g (4 mmol) potassium |
carbonate and 0.166 g (1 mmol) potassium iodide in 5 ml acetonitrile was réﬂuxed under argon for.

20 20 hours. The reaction mixture was filtered, the solveht evaporated and the residue |
chromatographed on silica gel column with 30% ethyl acetate in hexanes to give 0.173 g (vield
48%) of N-(3~cyano-3,3-diph.enyl)propyl-Z-piperidinecarboxylic acid methyl ester (compound B9)
as an oil. NMR spectra of the product showed: IH NMR (CDCl3, 300 MHz) 7.50 - 7.20 (m,
10'H), 3.58 (s. 3 H), 3.10 - 3.00 (m, 2 H), 2.70 - 2.50 (m, 3 H), 2.50.- 2.35 (m, 1 H), 2.25-2.10

25 (m, 1 H), 1.90 - 1.50 (m, 4 H), 1.40 - 1.20 (m, 2 H); I3C.NMR (CDCl3, 75 MHz) 173.59,
140.00, 139.00, 128.71, 127.72, 126.58, 126 .46, 121.73, 103.85, 65.09, 52.88, 51.47, 50.92,
49.70,36.35, 29.27, 24.82, 22.27.

Example_ 19 - Additionﬁi Syntheses Using Reaction |

Additional compounds were synthesized using Reaction 1 as follows:

Compound Reagent " Aminoacid Solvent - Yield

Bt A ] : X . 70%
B2 E l X - 28%



transported to a sterile hood. The prenatal pups were renoved fromthe sacs
and decapitated. The skulls were then renoved and the brains were
carefully dislodged and placed into a clean petri dish with cold PBS. 20
At this point, it was necessary to proceed with a dissecting m croscope.
The brain was turned so that the cortices were contacting the plate and the
ti ssue between the dissector and the cartex (striatumand other brain
parts) was scooped out. The hi ppocanpus” and ol factory bulb were cut away
fromthe cortex. Then the tissue was turned over and the neninges were
renmoved wit B3 tweezerd The remailni ng tissue'(cortex) was !p¥aced in a small
petri dish wth defingd nedia. 25 The tissugswas chopped v>u7x/0h a scal pel and
then triturated with a glass pipet that had been. fire podlished. The
chopped, triBéurated. td ssue was Bhen transfeZred to a stenute plastic tube
and conti mcbe7d to be t(;i_turated with a glass pipet with a finer opening.
Cells were counted in suitable! counti ng chanber. Cells*#re pl at ed at
roughly 40, G0 cel I s/yell in 100pi of defingd medium for ;,86-well plates,
200, 000 cells/well in 500 pl in 24-well plates, 400,000 cells/well in 1 m
in 12-wel|l BOlplates, DI.5 x 108 dells/35 nmXish in 1.5 nlél®nd 10 x 108
cell s/ 100 rrgﬁiish in 10 m. To ighibit glig growh, cultures were treated
with 100M 521 our o- 2- deoxyuri di né (FDUR, Si (F-0503)) 487 50/ M uri di ne
(Sigma (U-3898)) and ®0 M FDUR 41 The cortycal cultures 3?.90r t he standard
cal ciumflux assay were grown in 24-well plates in the defined nedium
descri bed aBbve for 7Cdays and féd once w th serum cont ai 83¥g nedi a (1 0%
heat inactiéﬁ ed fetal. calf serum 0.6%glucpse in MEM by _exchanging hal f
of the medi cul tufes were usdd after 12 ‘tays of i ncub®7n in vitro.

The cul t——“WFWWreS (= o o | (1 ' - ered
control salt Pé‘%lgﬁ}[t.i !Sn,’ cghct al ni d (5) gg,@gé)XAﬁWWCamz
25 v HERES, B)artdorér | riighenyd-d dment fpréfated asetseribedndF adjAlist &d Jt MedlEhdm4 by
NaCOH, whj.ch. ) ein HPLC water). . In the third wash, the culture
was i ncu-}bga? De%\@(’z)t %Eggcg?gﬁnﬂ?gwf E%W%WL%%‘? [B§8?'ﬁ‘f f‘so‘i? Cr@\g&t‘&‘rﬁ' ABvaCa++
(5000 dpi, iMedaTBentlr 353925804248 EBORIOD)0F, 3-ARpREdy B Spy VRERatd hréparRdy @Ay HCSS.

| mredi atel y before the above 45Ca+ sol utions were added, cultures were
washed tfuctongfi33-digiegyipepignip 30id paldgeh) 46 &3 diphswilpronanel, fallpweddel | was added,
one pl at g diod Id)FE 3yLd |, payga red@ mnutes at room
t enper at[usr)e, lo‘?’i’ ns)e v C-rll;;tglglhtﬁitu) sH Ee\eli(hE {eﬁé&?&qgﬁ%‘ﬁﬂct{?ﬁ Og%?lﬁ?rfﬁa%‘?'f Ol i qui d

per vel | metias caddadrick)ad b-oyvadorbyystadol, TaIdwRE batosyigdm); ddd M nutes. Ret ai ned
radi oact | vi'tg/_ was counted in a scintillation counter. 15 Exaggl e 18 -
1

Synt hesi 8 ¥ 0 thoephamsleson! tnspate dgregaseddiyetikyiation pdistanl matonats 6adrishy

with chlorobis(4-fluorophenyl)methane (Aldrich), followed by hydrolysis and decarboxylation,

10 LiAlHy reduction of the monocarboxylic acid, and tosylation of the formed alcohol].

Amino acid: 1) methyl pipecolinate hydrochloride (Aldrich); 2) methyl
(S-(.f)-2-azetidinecarboxylatc_ hydrochlonde {prepared by methylation of S-(-)-2-
azctidinecarboxylic acid (Aldrich) with chlorotrimethylsilane (Aldrich) in methanol according to.
the general procedure described in M.A. Brook et al., Synthesis, p. 201, 1983]; 3) L-proline

15 methyl-ester hydrochloride (Aldrich); 4) methyl (t)-tréns-B-azabicyclo[B. 1.0]hexane-
2-carboxylate hydrochloride [prepared by methylation of (J:)T(rans-3-a;abicyclo[3. 1.0)hexane-2-
carboxylic acid (Aldri;:h) with chlorotrimethylsiiane (Aldn'c-:h-) in methanol accox;ding to the general
proceddre described in M.A. Brook et al, Synthesis, 201, 1983]; S) indole-2-carboxylic acid

_ méthyl ester hydrochloride [prepared by methylation of indole-2-carboxylic acid (Aldrich) witﬁ

20  chlorotrimethylsilane (Aldrich) in methanol according to the general procedure described in M.A.

Brook ct al., Synthesis, 201, 1983}

Solvent: X)-acetonitrile; Y) dioxane; Z) methanol



acid nethyl ester. (Conpound B9) A mixture of 0.3 g (I mmol) of

4- br onp- 2, 2-di phenyl butyronitrile (Al drich, MI|waukee, W), 0.359 g (2

nmol ) met hyl pipecolinate hydrochloride (Al drich), 0.553 g (4 mmol)

pot assi um carbonate and 0. 166 g (1 mmol) potassiumiodide in 5 m

acetonitrile was refluxed under argon for. 20 20 hours. The reaction

m xture was filtered, the solvent evapof&ted and the residue

chromat ographed on silica gel columm with 30% ethyl acetate in hexanes to

give 0. 17Bxample/I0N OSyndt@3% oON-{(3.3-Diphenyl-3-hydroxy)propyl]pipecolic acid

N- (3- cyanom&hd-estiep hempburd BIBY | - 2- piperidinecarboxylic acid nethyl ester

(conmpound B9) of the product showed: 1H NMR ( CDCL3,

300 MHz) 7.50- ﬁ%?m“? 31%“%%‘9‘ °F(‘ PIP&CO ac"émi‘b"e“Sf obmixgyre of 1§78 2. 70 -

2 50 (m 3(7b‘|)mn03 35cﬁhlorop20p3(§)hérf6he IAlhﬂGh)abaé (20 AumbB neehv{ B ec&lnrli')e:’h\aroa‘gondel 50
I-Q ; 13C. NMR (CDCI 3, 75 0. 00,

139 00, 12‘9‘%*‘) 12%?&0 W?%P%S*Umedl%and P18 %asamsa@snawals le@ml@’z 88

51. 47, 50. Q&onitrthOwheadBurdn refd ith | di tional

Syntheses Usi ng Reaction | Addltlong%éggﬁ%gﬁﬁggzﬁggzquRFH@%K&eﬁghs|ng

React i on. |muxgire was| figesd, theghsessiaporaetpad thegsiduo dissaliveSdl dighidronvitizing, waiedA | X

70% B2 E v lnd B6.C 3 4% .B7 C 1 Z
48% BS D ‘131“'?)% %%3’ %"ed%%e'?‘)gl %f@*@éi gél"ég%"%é%f%e ikead 3 "i“%“@?% B14 C 5 Z
6 3% B17 mhényKp@podrieegerakid mikthyl ¢ster as a yellow oil which was used in the next step without

-(4 I b ene)bls(4 fl uorobenzene) (Acros Organics, Pittsburgh,
PA) B§: 614(}%’%‘6%‘){‘?‘1“9

i | phenyl -1 -butene [prepared as described in F.A Al .
et al. J. Med. Stéammzlm&&phaﬁamﬁﬁa(l&%&kycl@)exbe%bumdﬂchﬂwégramet hyl

3235- 4225 P9 1 BEoIgiop o THLEGY HIRYED LYot R A ATH
methyl ester (from step 1) in 53 ml of tetrahydrofuran at - 78°C (Reaction 30, Fig. 4). After stirring
at -78°C for 0.5 h and at 20°C for 0.5 h, the reaction was quenched by adding 5 ml 10%
15 ammonium chloride solution at 0°C. The mixture was extracted with methylene chloride, the
solvent evaporated and the residue purified by preparative TLC with 40% ethyl acetate m Hexanes
to give 0.072 g (vield 56%) N-[(3.3-diphenyl-3-hydrox_v)propyl]pi.pecolic acid methyl ester
(compound B8) as a pale yellow oil.

Example 20B - N-{3-(4-Chloropheny!)-3-(4-fluorophenyl)-3-
20  hydroxypropylpipecolic acid methyl ester (Compound B30)

Step 1: N-[3-(4-Fluorophenvl)-3-oxopropyl]pipecolic acid methyl ester was prepared in

- 92% yield by alkvlation of methyl pipecolinate with 3-chloro-4'-fluoropropiophenone (Aldnch) as
descrnibed in Example 20A (Step 1).
Step 2: N-[3+(4-Chlorophenyl)-3-(4- ﬂuorophenyl) 3- hydroxypropyl]plpecollc acid methyl
25 ester (Compound B30): 7ml (2 mmol) of 0.28 M solution of 4-chlorophenylmagnesium iodide in

diethyl ether [prepared from 1-chloro-4-iodobenzene (Aldrich) and magresium] was added
dropwise to an ice-cooled solution of 0.605 g (2 mmol) N-{3-(4-fluorophenyl)-3-

- oxopropyl|pipecolic acid methyl ester (from Step 1) in 12 ml anhydrous diethyl ether w.ith surring
under nitrogen. The mixture was stirred at room tcmpcrat_ﬁrc for 16 hours, poured onto crushéd :

30 ice and extracted with dichloromethane. The combined organic extracts were washed with brine,
concentrated and the residue purified by preparative silica gel TLC with 25% ethyl acetate in
hexanes to give 0.037 g (vield 4.5%-)'N-[3-(4-chlorophenyl)-B-(4~ﬂu§rophenyl)-3-
| h}'droxppropyllpipecoliﬁ acid methyl ester (Compound B30).



5 reduction of 3.3-diphenyl propionic acid (Aldrich) to

3, 3-di phenyl propanol, followed by tosylation]; E) 9-fluorenylethyl tosylate
[ prepared by Li AlH4 reduction of 9-fluoreneacetic acid nethyl ester
(Aldrich) to 2-(9-fluorenyl)ethanol, followed by tosylation); and F)

33--bi s(4-fluorophenyl)propyl tosylate [prepared by al kylation of diethyl

mal onate (Al drich) with chlorobis(4-flyprophenyl)nethane (Al drich),
fol | oned by hydrolysis and decarboxylatlon 10 LI AlH4 reduction of the

nonocar boxylic acid, ation,of the. fornmed alcohol Amino acid: 1)
et hyl p| pecol |érj11§‘[p8”'ﬁi3§(}q 3¢ yerp PGS AP i ERlososstY fpetteR d bY Radkion X! +(3-oxo-

(S—( ) - az;mt:mmbrqmarpmwhm eerhmsze(c[laimemd@ z{n@%ﬁﬂ@li esisy | BREDIpRtdo@n of
S-(-)-2- azetidi neca[lbo %/% C aCI'gd( Al drich chl orotri net hyI sll ane

(Al drich) Tof Rt RAFS nedfe PHg“ < {Oﬁ%’hﬂé ?S‘UHY‘S‘é‘é"dure described in MA
Br ook et @&xamnp 2 ) ester
O%‘JJQY ) hexane-

hydr ochl Okdedte | £g ) y
2-car boxylate hydrochloride ] prepared met hyl ati on of

(t)-trans-3- aza?bioé‘y'eil of B03p PH8& aymel)N- [ %hpml)abi4dIUQNprﬁ) vvi t h
chlorotri i P%Q o the.

procedur eﬂg(gg%:@%?dlgé ecgl'lbél a‘ifd r{If%"lrel%jv(l) ﬂeége {?a Jé??}@ﬁ'gi?“éa gm"clﬁ ted

i ndol e- 2- Gadebmﬂyk fas anhodrs ﬁiac hwnuemaeconhgmtmdhnhdar vateurh, pher[aﬁdl&dhstved in

met hyl at i i I AI drich

chlorotri (rgrttrjalf lﬁ dsiglg’?‘giﬁged( ‘AF%? i g%%al slogllur?ir;btqﬁﬁnoine %t’é‘%:‘é’?‘a“%j“\ ol sguFSr al

pr ocedudr eevdxpe(atedbé'ﬂe nendxthhs pubfigicHy pcetpaaaltnyc silAgelTHASC &ith 2 dietth® &Rek.in SOl vent :
-acetonlt ile Z ; - Ex 20A - Synthesis of

N 105 5 DISHeITieaS? MR oL s GBI i Baat - Hoigetet) e AgtrodieeaiPecbmpound

B18) St eperilyl]pN:{dea&XﬁvalQhenocohabmmm} pi pecolic acid nethyl ester:. A

m xture of 3.37 .9 (20 mml) -chlororopl ophenon(Ia (AI dI’ICh), 3. 59 g(20

pot assi u miethyl epts : -‘ taSS| um carbonate in 140 rri of acetonltrlle

was haat ed UndsfeprlefoW)imWHuﬁhu%{Ht%-%&oiﬁlm%ﬁb QB%QMdHQ\)%PM hTHF I)‘&)as The

reaction mxture was | tered, the solvent evaporated and the residue
di ssol vedaqdsd d%modw'eﬁef th491es, (%%ml>\m t(Prowerd whenybrropi lpipdcabiv a¢id agdivium

sul phat e. &y ﬁﬁédlﬂ e[S)fl o%@%ﬂ%gel %?%mn Yo W§ fﬁ‘?éﬁeacn?n 31 Fl§h4) Aﬁe

- phenvl ) propyl ] pl pecolic aci ester as W Ol Used in.
the next sirepe ai-7876Ube 0.16 afdiattrboes tewemﬁmﬁat R(Dm LheSEzf:ﬂorQwa.sQ]uzﬂché’d b_v,oafddmg '

e ol kb s RS o s isped. i excracd i iy chlonds, >
N- [ ( 3-20X OARed@tyduloR LOHBY bdiRnD @ Qtsidue A3k Quorﬂﬁlt):é}yﬂhe@% ﬁﬁca(gfer&mt\@lﬁl e in 5
m of tetrahydrofuran at -78C (Reaction . After stirring
- cthyl’acetate in hexanes to give 0.171 g(yield 89%) N- [(3 hydroxy- -pheny!)propyi]pipecolic acxd
methyl ester as a pale vellow oil -
Step 2: To an ice cooled solution of 2.27 g (8.2 mmol) of N-{(3-hydroxy-3-
phenyl)propyl]pipecolic acid methyl ester (from step 1) in 10 ml anhydrous methylene chloride.
25 was added dropwise 4 ml (51 mmol) thionyl chloride and the mixture heated under reflux for 6ne
hour (Reaction 32, Fig. 4). After addition of crushed ice, the reaction mixture was ngutralized
with saturated solution of potassium carbonate and extracted with methylene chloride. The
combuined extracts were evaporated and the residue chomatographed on silica gel column with
- 20% diethyl ether in hexanes to give 1.45 g (yteld 60%) N;[(3-chloro-3-phenyl)propyl]pipecolic
30 acid methyl ester as an oil. ' | '
Step 3: A solution of 0.082 g (0.28 mmol) of N-[(3-chloro-3-phex_xyl)propyl]pipecolic acd
methyl ester (from step 2) in | mi of anhydrous dimethylformamide was added into a soiution of
sodium 4-tnfluoromethylphenoxide in 2ml anhydrous dimethylformamide at room temperature

(Reaction 33, Fig. 4). The sodium 4-triﬂuoroinethylphenoxide was generated by adding 0.040 g



at -78C for 0.5 h and at 20C for 0.5 h, the reaction was quenched by addi ng
5 mM 10% 15 amoni um chl oride solution at OC. The m xture was extracted
with nmethylene chloride, the solvent evaporated and the residue purified
by preparative TLC with 40% et hyl acetate in hexanes to give 0.072 g
(yield 56% N[ (3, 3-diphenyl -3-hydroxv) propyl]pipecolic acid nethyl ester
(conpound B 18) as a pale yellow oil. Exanple 20B -

N-[ 3- (4- Chl orophenvl ) - 3- (4-fl uorophenyl ) -3- 20 hydroxypropyl | pi pecol ic acid
net hyl es o | ) - 3- oxopr opy

I'] pi pecol %ﬁgoaé:lgﬁmngﬁ{ﬁa ﬁggauée?&l\%gs&%?%%[gﬁe 61'ilér? éjgi&?g?ggd by al kvl ati on of
met hyl pi pecotnfhatep-sicsdi (Sidoti) ar Dmbot cﬁrhumnfopﬁmpﬂd)phﬁmmeon(nﬁkdfd i3)suasd
described in Exanple 20A_( St

N L3 ( 4. CHIrOYBRRRY 508 Ry R s SRy e B 85I PR aci d

nethyl  2prepfite TUCORROB0Y eBAQ)ctard ilhefzhestidive 030‘79@ (%i81d 8 S NUB LREh v B -(p-
4- chl or.ophenyl magnesi um.i odi de in diethyl ether pre ared from

| - chl oPo- ¥HiuBREsEHPRIfE X RICAY PMFFolicRaid mmegivbester i opeundBilpa as 2 mlepripe @il 0 an

i ce-cool edxiﬁ’élb‘@l@Ua&ﬁma\aﬁg{ﬁ\ftgesé@U‘T_HQl& %Jeau.@%rEk_)&Lpé:@@mnyl) 3-

oxopropvl [pirpecolrc acl rom m anhydr ous

di et hyl ether fmpousdiB2p M@gpreaﬁ%w Hkylztisgehd- t%@‘ﬁﬁewmh@ob@éd@bl witel- at
room t enpgy. i ract ed
W Eh i oha s hiy oty RISy RASEEE o 8 dEl B ot e B e,
concent r atield 6ax%el t he residue purified by pr eparative silica gel TLC with

5% et,Ayl acet xanes )
4. 5% lpk [ 3-(4- ?ﬁT‘Br op#eig“i ?p%gd%i %lgvrl% }%Yélgkﬁﬁq‘arwéQva 3(5°;§'\1/ rT 6| pecolic
aci d net hytlenggiopyl)ifsosijacididctH3B&)er agdescriﬁrwpbnmdn Bamplaas A[iSepay edeld m64% yi el d

methy! oat or | SoRORBGEIE S REPHELDCT sm ol Ko PR b N om ot myl

pi pecol i naﬂ&o(zédhém&ba,lnpwewmcéc.abdhqreed@h@ru&dﬁagmsmms@dpmm Btampl-e 20C -
N 13-(4- ChI or o/phenyl ) - 3- (4-fl uoroahenyl ) prop-2-enyl | pi pecolic acid 5

met hyI est'& 8conpound B20) A solution of 0.035 g (0.086 nmol)
N-[ 3- (14- chl oronbﬁpwnhsigmsBJeHQEJJWﬁ@Aaon%fm%ewmw&mmwﬁemm acid.

nmet hyl ester (Conpound B30) 99% form ¢ acid was heated under

refl ux fopheoylgropy %ecthr?éldrﬁ*s& Effeé a»\&’émtbsﬁewﬁ maﬁwphﬂdéﬁsmémld iHe

residue d ) [ i um
bi car bonazl‘:t?;a?h%%é|se<gl iﬁ%&iﬁ%%éiﬁgqhghgr?%ﬁiﬁg&%%ﬂl%=t|£§?)%r%gtc:a%g The residue
rep

was purifre YAY) arative silica gel TLCwith 5%diethyl ether in
di chl or onet ane01183gyi0vié nim@) Getlyv! (agddadachoBvigee (Aldrich) was added dropwise to a solution

N-[3-Gh-chy [ﬁpgh(%wlrgxﬁgl)' l(lfbjh!vﬂ'gi‘ygggﬁepl}ﬁlp)oB{’l%?ﬁe%élic acid methyl ester (from Example

. 21A. Step 1), 0.083 g (0.64 mmol) p~chlorophenol (Aldrich) and 0.197 g (0.75 mmol)

triphenylphosphine in 5 ml anhydrous tetrahydrofuran with stirming under nitrogen and cooling
with an ice bath. The mixture was stirred at room temperatﬁre for 4 hours, the solvent evaporated
and the residue purified by preparative silica gel TLC wi_th 30% ethyl acetate in hexanes to give

25 0.09 g (yield 46%) N-[3-(4-chlorophenoxy)-3—phcnylpropyflpipccolic acid ethyl ester (Compound
B22). (See Reaction 34, Figure 4.)

Example 22 - Synthesis of N-(4,4-Diphenyl)butyl-2-piperidine carboxylic acid |
methyl ester (compound B10)

o - 0.040 g (0.11 mmol) of N-[4,4-diphenyl)but-3-en);l|-2-piperidinc carboxylic acid methyl
30 ester (compound B4) was hydrogenated over 0.030g 10%Pd/C in 5 ml ethanol under 40 psi for 4

hours at room tcniperature. The mixture was separated from the catalyst by filtration through

celite and the solvent evaporated to give 0.028 g (yield 70%) N-(4,4-diphenyl)butyl-2-pipcridine :

carboxylic acid methyl ester (compound B10) as an oil. NMR spectra of the product showed: IH
NMR (CDCl3, 300 MHz) 7.40 - 7.10 (m, 10 H), 3.88 (t, 1 H), 3.65 (s, 3 H), 3.10 - 2.90 (m. 2



enyl j pi pecolic acid nethyl ester (Conpound B20) Exanple 21A - Synthesis of
N- 13- Phenyl - 3- (p-trifl uoronet hyl phenoxy) propyl | pi pecolic acid nethyl ester
(Conpound B16) 15 Step 1: 0.70 ml of lithiumtri-tent-butoxyal um nohydride
(Aldrich) (1 Min THF) was added into a solution of 0.190 g, (0.69 mmol)
N-[ (3- oxo- 3- phenyl ) propyl | pi pecolic acid nmethyl ester (prepared in step |
of Exanple 20A) in 10 ml of THE at -78G7A&Reaction 31, Fig. 4). After
stirring at -78C for 0.5 h and at roomtenperature for 20 h, the reaction

was quenched _gddi ng _-10% anmmpni um ri Luti t 05
filtered, a é%éxt“géé?‘elj“\i}ugt{? rfe’%bf@\ m‘ i(:E(fnofl% - 3%‘ i\?f e?lg\&%‘ggowat iOn of

t he sol ventiMRI(O®A1 5 didz)Wes Th it o ogY. 2pheledn2&11.i1es 1@gabe soligemswi t h 30%
ethyl acetate in -hexanes to give 0.171 g (yield 89%

N-[ (3- hydr©xdp- 36.phenyB) Prifpy? 7idpée ol 8. &xpH 23 3BtANAZ ester as a pale yellow
oil. Step -P;Zx'am e L év%ﬂ!eggg} .‘Q%é@b%‘e%)bﬂi-&%n ZLQ- §(ﬁnmtt}x ‘].c .
N-[(3- hyd_r;cag hyalrodhIhF UL (dorhpdaNd BIP5PECOrT rm'%l'rm‘r‘%ﬁ!—emr_%@rom step I) in

10 ml anhydrous methyrene cntortde. 25 was added dropwise 4 m (51 nmol)
t hi onvl chl ori dEo asudutichef #i0xQ gi{(e3 mewt)@lNt((eiphanf/ hux-3feoyl]-bricazirglie ( React i on

32, Fig. 4). After..addition of cru d ice he.react,i 1 Xt'ur.e was :
neut ralgi z¢€ erlfcﬂc'éié?%Ty;fséed ‘%°8?P8t"rd3$56? 5-§8P§§%T°bm&%%¢5‘§ﬂéfq‘]é‘gﬁﬂ“%&t ract ed
Wi t hdnet h%ﬂ_\ﬁﬂﬂid@ Bﬂl@tﬁé @ﬁaurmg.ls stireadtat fheﬁll tlaﬁ;tefm{e &ﬁ%g\gurs.vw R iladmﬁ(ﬁﬁlet he

resi due chomat ogr aphed on silica gel co W ) . % di et ether in
~ hexanes to“’i:?ic%‘:% ‘.’323’ 9 h%‘ﬁ"é\"ﬂ“@@‘%%eﬂ-"‘["(‘ é%ldﬁ’fcé‘m?ciﬂ‘fé ‘}‘HP‘B%/M jBespEtol i ¢
30" aci go Mehditien® $hi6Hided The Borfbihed eRirds Were AriciQindlbvapbrafll g0 (g@k%&omol )
~of N-[(3-chl oro-3-phenyl)propyljpipecolic acid nethyl ester (fromstep 2)
in | m ofofan{ydrdiphenythbuet-ing Lo aeaidote cavbexyticl aidihydndcbloades@bdmyioundB Of). IHodi um

Cermer at ur BV (ROROET a8 &) 77 56 0S5 e P BY 4 & CaTonEof R ae

was generatl{)g?_?g?[%gg‘jngg,(,@.zomé%l%%@’ 1qh, ﬁgg@ﬁ%lidﬂ@ﬁydri de i-n mneral oil td

a solution©o a.a.a-trifluoro-p-cresol (Aldrich) in 2
m of di methyl f GempoondiB) wahprepaserthyi kydrolgisistofithe corespernding eset, camtpoursidild.

tenperature for-30 h. . 0 { [ Va: nd. | resi due

purifi Zé by pr(écf)rré"roa{‘(li'ég@ ‘?‘%dl r\gmﬁ?ﬁ b(:%@/gr g[y%%/(?gggggﬁef%o\ﬁlﬁlﬁg%é%a%egaﬁg Bg?'ve_ '

?"0f7|9 o telhdl b [B_phery|734p_? i d met hyl est Co d B 16)
rifluoromnethy NoXxVv) pr.o i pecal. aci d nmet hyl este un

as a pale yell o@vﬂg‘i ﬁ(ﬁ'.s &‘Eﬁ%‘ﬁé\%g“fg esf“%%&\"&‘i%ﬁ??‘t“ééWﬁ%%réé“%sﬁ%&[rﬁ'gs’ t

Procedur e will bEXeiglso s EorguuyskilBa3heasthransioaslinlie mtisiyddadeliosn and

?ét Chi uor%g%g)é{%? B?e &%%@%%L@P&e&ﬁm&'\% YL TRY beRRAHEN A eBEE Blte |
-chl or 0-"3% ein

Exawpl 20 Zleﬁec(igaﬂ,pdé}ribed herein. Accordingly, this invention includes all modifications encompassed

within the spirit and scope of the invention as defined by the claims that follow.



yield 6.5% 10 Conpound B24 was prepared by al kvl ati on of phenol (Al drich)
with N-(3-chloro-3- phenyl propvl)pipecolic acid ethyl ester as described
above in Exanple 2 A (Step 3) - yield 4% Conpound B25 was prepared by
al kyl ati on of 4-nmet hoxyphenol (Al drich) with N-(3
chl or o- 3- phenyl propyl ) pi pecolic acid ethyl ester as described above in
Exanpl e 21A (Step 3) - yield 8% 15 Conpound B29 was prepared by al kyl ation
of thiophenol (Aldrich) with N-(37(7‘,hl or o- 3- phenvl propyl ) pi pecolic acid
ethyl ester as described above in Exanple 21A (Step 3) - yield 12%

n‘B e 21C - Synthesis of N 13-(4-chlorophenoxy)- 3-phenyl propyl | pi pecolic

acid ester (Conpound B22) 0 133g (0.76 mmol ) di ethyl azodi carboxyl ate
(AIdrlch) Iutlon 20 of 0.142 g (0.51 mmol)
N-(3- hvdro%@gﬁqﬁeﬁgﬁ%gﬁgﬁ 'R f |c acid nethyl ester (from Exanple 21

A Step 1), 0.083 g (0. 64_n1m|) p chI orophenol (Al drich) and 0. 197 g (0.75
nmol )  triphenvl phosphine I'd\ 5 ®e anhydrous tetrahydrofuran with stirring

under nitrogen and cooling tTh an.kce bath. The nixture was stirred at
roomtenperature for 4 hort%, ne so|vent evaporated and the residue
purified by preparative silica §e Cwth 30%ethyl acetate in hexanes to

give 25 .0.09.9g (yield 46% N-[3-(4-chlor@henoxy)-3-phenyl propyl ] pi pecolic
acid ethyl ester (Conpound B22). (See{Refiction 34, Figure 4.) Exanple 22 -
Synt hesi s of N (4, 4-Diphenyl)butyl-2-pRberidine car boxyl ic acid nethyl
est.er (conpound B10) 0.040 g (0.11 nmmol) of - :
N- [ 4oda dhaphreicglitdally aGeptaplg sal-theneef, i di ne carboxylic acid nethyl 30 ester
(cor‘rR % B4) was hydrogenated over 0.030 g 10%d/C in.5 m ethanol under
40 psi Tor—4 hours at roomtenperature. The mixture was separated fromthe
catalyst by filtration through <celite and the solvent evaporated to give

00219 (R 8llof@ifor b i S5 oM N\l e carboxylic act d

nmet h ester npoun as an ol of the product showed:
IE H NI\/R(CDClB 300 MHz) 7.40 - 710(m 10H) 388(t Il H, 3.65 (s, 3

8 10@2) 10 Rz%a)ﬂQ hg #ogén: é@-cdsi)aiky? 6@@ fo) §ﬂ<6§y (zgénol (. 07%%0& 2.20 ( ”; | H) :
174. 3'7""%’&@%)6 (G )??Y'%@SOWOM@ fi'e'kY'i'?g‘Ofe"oom ahigipin qagh 33'9" '65.66.
56. 8b.indcheRenty 144, C@Q?)70%mp3|3€§@vh628R8& n025n15r§>et%n39—0 R200%. Exanple 23 -
ﬁg gf, %?ﬁ t\gc;rg%jye Ihl%%r%ngﬂ?md or) (BEtC'/% a‘ﬁ(re]t}{uoyloxy. %c)?zr?ntsl adcllon% tgiornlcjjC\)/\)n(%I e 5 acid
an adjacent carbon or nltrogen from one of either R', R or R, or (d) is R linked by : '
R® to X; . -
@) Ris R finked by R® to X:
(2  RYis R™linked, by. R" to X; _ .
2" ReRr and: Rz" are mdependently Ar whrch is aryl or heteroaryl adamantyl or a
5to 7-membered non aromatlc rlng havmg from O to 2 heteroatoms selected from the
group. consnstlng of oxygen, sulfur and nitrogen, whereln at least one of R®;R”™ and R*
.is ‘phenyl, and wherein: ' '
~ {a) aryl is phenyl or naphthyl
(b) heterearyt compnses afi ve—membered rng,a srx—membered ring, a six-
membered nng fused to a five- membered nng, afi ve—membered ring
_fused toa srx-membered nng, ora srx-membered nng fused to a six-
" membered fing, wherein the heteroaryl is aromatic and contains
) _heteroatoms selected from the. group consrstlng of oxygen, sulfur and .

S ' nrtrogen wrth the remamrng rmg atoms being carbon,



.To a solution of 0.050 g (0.3 nmol ) of
N-[ (4, 4-di phenyl ) but-3-enyl | -L-2-azetidine carboxvlic acid nethyl ester
(conpound B3) in 2.4 m ethanol was added 1.2 ml | N Ilithium hydroxi de and
the m xture was stirred at roomtenperature for 20 hours. The reaction
m xture was concentrated to half volune, acidified with 4 N hydrochloric
acid, and extracted 4 times with 10 nethylene chloride. The conbined
extracts were dried and evaporated8to give 0.041 g (yield 80% of
N-[ (4, 4- dlphenyl)but 3- enyl] L- 2- azetldlne carboxyllc aC|d hydrochlorlde
co ound CD3QOD, 6.08 (t,
( rrp I?(e@c pflﬁ) R’“ a@é R(2 (ganﬂ@ Wﬁst@ted,_gr m@pg@dentlg sggst(ttmad 1"1“11) 2 75 -
2 55 (m I H) , oRe AR, :@os&mm vamelr&meeaﬁmmmzfaﬁdwaaraqmé&rnadnt@y hydrol ysi s
of the corresp ndhﬁg E gp qggB 14. 15 Conpound: B 19 was prepared
by hydrolysis ag ? %ﬁ‘ﬁ ed Pon-BeAMASGIRIBS hese\ifgl et hi s
i nvention has bemﬂmdeaaimﬁbﬁdWMﬂh“anMenphaS|s upon preferred enbodi ments,
it "ill Y 24 Qqt BOS f _ordin n t.he,an that variations in
the pref e‘fd)(}g @I?% %aﬁc?n%rﬁt%{)'é) r@ﬁ'}gggll( E’a‘“&ﬁ?& WIRGNe Y MUAS | 1t ended t hat
‘the invention selstihentsysebdaasifidoro tiregroug eondising af flu@o, chlmro; bromal |y descri bed
herein. Accordiagl enconpassed
hitd, a%drngé é)badob%ﬂpélﬂo%t%%l[ gc?s%lfgll\ h%%w? ﬁg?

within the spirit”’ Ion as ¢l ai s t hat
follow -77- Civ indegendani(§itpfeiridratig! quétltfslmnso&ﬁ’afgalﬂﬂr(tﬁjl @12)Rx R2 X RYA

\. -NR4 or 3aRDAICBETN AR, bt $01 28) Sirdhind. BRI Rmino WA 1 0, (1) Xis

nit rogen or car bon an IS NnoO resen I'sS nI't rogen, Rais
hydr ogen; (CL- esghliey! is m(i@@neewﬂmﬁw%y&a&ﬁ)(a@xz;xpza@nawwwl o) Y
Y, aminocar bon}y¢k -cvpiakm;ynoabkmh@drbme%wqwox%ar%@i l(ezbsw hocar bonyl |

wherein each a i s | ndependent |y C6, (b) conprises (where Rl is
not "ami noet hyl alk oxycgqugyloamlrgcarbonyl that can be substltuted for hydrogen with -

up to two independent (C1-C6) alkyl, (C1 -C6) alkylsulfonyl, amidino that
can be mdependently substituted with up to- three (C1—CG) alky_l group, or
-methylenedioxy or ethylenedioxy Witn the two oxygens bonded to
adjacent positions on the aryl or 'heternaryl ring struCtUre which.
-methylenedloxy or ethylenedloxy can be substltuted wnth up to two
mdependent (C1-C8) alkyl, wherein:
(i.) the substitutions of R, R™ and R% can bé combined toform a second
~ bridge between two of R, R* and R* comiprising (1) (C1-C2)
alkyl or (C2) alkenyl, which-can.be independently. substltuted with
one or more (C1-Cs) alkyl (2) sul_fur,_ (3) oxygen, (4)-amino, which
canbe "substitdted for hydrogen with one (C1 -C6) alkyt, (5)
-carbonyl (6) ~CH,C(=0)-, which canbe substltuted for hydrogen
 with up to two independent (C1—CG) alkyl, (7) -C(—O) -0-,(8) -CHy-
0-, Wthh can be substltuted for hydrogen with up totwo
'| ~independent (C1- C6) alkyl, (9) -C(=0) N(R? ; wherein R i is
i - hydrogen or (C1-C6) alkyl, (10) -CHz-NH-, which can be
substltuted for hydrogen with up to three (C1 C6) alkyl, or (11) -
CH—N whlch can be substltuted for hydrogen with (C1-C6) alkyl,
or wh_erel_n t_wo of R¥,R" and R%. can be directly linked by a

single bon‘d;

@) RrR® é'nd R® are independently a single bond or.(o_1-_62) alkylene;



R8*) hydroxy, fluoro, chloro, brono or (C2-C7) al kanoyl oxy, (c) forms a
doubl e bond with an adjacent carbon or nitrogen fromone of either. R,

Rxb or RYb, or (d) is Ra linked by Rzb to X; (2Rx is Rxa |linked by Rxb to
X; (2") RY is Wlinked by Ryb to.X; (21") Rxa Rya. andR?a are

i ndependently Ar which is aryl or heteroaryl, adamantyl or a 5 to

7- menbered non-aromatic ring having from O JO 2 heteroatons selected from
the group consisting of oxygen, -98tfur and nitrogen, wherein atleast.one
of Rxa Rya and Rya isphenyl, and wherel n (a) aryl is phenyl orriaphthyl,
(b) he,teroagyl conprises a 'fiv ing, a six-nmenbered ring, a

si x- %nbé?eéfa?‘f‘ﬂlﬁ bPO%éa‘YtQ‘ﬁaC?X‘%}'éY"?f’@wB@FBHGW A CHE (Mhgee thenber ed ri ng
f usedomsxe &ohid KWL ires] nfidthgencdicy.dr MctyBRBRS, ©d elthd?INIRFS 8ELAHD- @ ST X~
@{(g hgg v%eqiddn the heteroaryl is aromatic and contains
I|et at " RAEY fromthe group consisting of oxygen, sulfur and
ni t rmeare hydidglan oh @C 1-€Bpalky Nghdreingviadn0 R dteddes XemobbBondedlo (c) each of
¢an be substituted or |ndependently substituted with one

Rxa, h ahe r|§2
of R? ?5 & ? %8l wherein each of R Wand RS are independently Ar,
adamg3it yl l@‘rcqm;ﬁnslesr arstraighbehaded (CR-GBpaliphatic grong veeré Xdseabbng str uct ures

ar e dﬁf bg%{ﬂyeﬂ%)bs greu}atﬂg uhgx)a ea ’doulﬁg %nﬁ%%nk%ﬂ )E{r in Wh%h%?scan be

addi tion one or t'uent s” sel"ected fromthe
gr ougaensind Ryhgoes néY lu@v@e a bhllemaoom lattachsd to X, f@@“ ony8HR%yhereipano,

trlflnﬂ%mn%mhweﬁmoﬂeaeh ua%naf@o?%.gﬂ mvtsw iﬁm%é&?@gﬁ dent

substi tut| ons, adamanty 12)
aI keﬁ"y doeéirﬁohtﬁ'dl‘f’@f '@%foﬁpmt@ﬁh%to %l%'mt%ﬁ?ﬂﬁ)w ertlg amineagh al kyl is
i ndepghgtenblxy Cl to C6, (Cl-C6) al koxy, (C2-C7) aI kanoyl (C2-C7) '

al kanoyl ox trifl uoronethoxy hydroxycarbonyl aIkonxycarbonyI
- ani nocar b&%‘?fe"i ﬁgfza’b%ﬁﬁ%“%‘fﬁﬁjs‘f"ﬁ R Predy 'é)‘g@rf"\ﬁi (F%"CQ)F? Koy t wo
i'ndependent ( Cér G6jo aep2-C1)GlkdrbyloRy, Wth&lph&@ﬁd’inde@éﬁdéhf‘ - can be

SRt S Tl b R Ll S s,
that the hydroxy, alkoxy, alkanoyloxy or oxy substituents are not: bonded
to a carbon that is bonded to a nltrogen or oxygen;
wherein the alkyl or alkyhdene substituents of R’ can be hnked to form a3to7-
_ membered non-aromatlc ring; and '
“wherein if X i is nitrogen, X is linked to R by a smgle bond and the terminal
_ carbon of R" that finks R'to N is saturated;

: ':(4)" Rlis hydrogen {C1-C6) alkyl, or phenyl or phenylalkyl wherein the alkyl is C1 to |
C6 and either such phenyl can.be substituted with the same substltuents defined above
for the aryl or heteroaryl of R® ; and '

(5 - R4 and R4* are hydrogen and .
- ..(6) | R is (CO)NR”R“ (CO)OR15 (CO)SR16 (SOZ)NR"R18 (PO)(OR’Q)(ORZO)
' (CRZZ)(OR23)(OR24) CN or tetrazol-5-yl, wherein (a) R™, R", R, R16 R7,R®R"™ and

R are mdependently hydrogen (C1-C8) alkyl which can lnclude a (C3-08) cycloalkyl_

wherein the carbon finked to the oxygen of R* or the sulfur of R has no more than-

| secondary branch:ng and , (CZ -C6) hydroxyalkyl, amlnoalkyl where the alkyl is C2'to C6 .
and the ammo can be substltuted ‘with up to two lndependent (C1—CG) alkyls, Ar—alkyl '

wherein the alkyl is t1 -C6 or Ar, (b) R? is hydrogen or OR25 and (c) R®, 'R* and R

.are (C1-C6) alkyl, phenyl benzyl, acetyl or, where R? is hydrogen the alkyls of R23 and

R* can be comblned to include 1,3-dioxolane or 1, 3—d|oxane '




adj acent positions on the aryl or heteroaryl ring structure, which

nmet hyl enedi oxy or ethyl enedi oxy can be substituted with up to two

i ndependent (Cl-C6) al kyl, wherein: (i.) the substitutions of R'a, R eni and
R 2a can be conbined to forma second bridge between two of R'', Rya and
R2a conprising (1) (Cl1-C2) alkyl or (C2) alkenyl, which can be

i ndependently. substituted with one or nore (Cl1-C6) alkyl, (2) sulfur, (3)
oxygen, (4) am no, which can.be $bstituted for, hydrogen with one (Cl-C6)
al kyl, (5) carbonyl, (6) -CH2C(=0O)-, mhich can be substituted for hydrogen

with up to two ind endent 1-.06),al, )ts 20O s (8), -CH2- 0 which
can be su&'tqr?'ﬂt‘@"‘d’g?% u gﬁtg\%t-tﬁ t‘%)Z %% 'é'ﬁ% LA C1- Co)
?llggf I, CI(—I g) NHC( :Bﬁ]quﬁmtéh wgth%ﬁétﬁdéht%e%édf frndR&g@np c@.ﬁsn{tﬁgl)f C?) tﬁl ky!l =
i ch can, be stituted for hydro Wi u ree
At forarain fetdasy g

=C8) al kyl, or fuewy chioreBrema, AionCYanR. MErexyy AEPIRtieyhen with
(C1-Co) al kyI witich oidmetiave lupttovivadindépendentRE 1208) (;\Ralayl&aﬁstbtﬂlodlsf(mgt-lé | i nked
by.a single bo 2 and epen a. si ngl.e bond or
(C1-C2) al kyl e@) afkyE'iC%?%) a&?ﬂﬁrz&g&gt "ﬂh'p %rR‘BSn‘gQ'}"éé’y'“e Teis ) “al kyl ene,

et henyl ene or -e@kkallylisindepéreienthpGlh lteCBoardinb S(CIHCH) aoxy L (B2eC7)met hy| eneoxy
or.- met hyl enet hi 3 [)\Jé F?* - i 6 and R6* are
hydrogen or (C (a(éé‘?ﬁ ﬁzt#ﬂ"%ée}tﬁ)gﬁ %ﬂeuﬁ% ¥3r°’3°¥@%§ @&bonded to
anot her heter oét7d@ikﬂ03y°dﬂlowbﬁmﬂ®e§3onz! tb@tmng’htN @lllt&hhl@aﬂ wittku®) al i phati c
group; where thé.@%b?,%m(dsbgéuﬁm& )ﬁﬂkgtrgﬁﬁ F@ hﬁouﬁmﬁhed doubl e

bond is linked to X oes not Include a
heter oat om at t &heiiuted with updy thgeeg(C1- @JGRSkY’ Viiarathylenedipxgor R8*i s a et hyl ene

or et henyl ene anidhedloxuit RATRNSlyShe oni WdidioN pospRs Bmand  Ryb does

not include a heteropatom attached : am noet hyl ene where the amno is
bonded to X: we¥&r Relrand Aing strgiye: whigh methiansd msy f’betBYlén‘?Woxy up to

one (C1-C6) al kaxye sabstitited XitROP td i ikdgperlib@TCYIChyWIkyWi th up to two
I ndependentheﬁ’elr]i Rcﬁgnd R" together with the nitrogen can form a 5 to 7-membered ring
_ . that can contain one addltlonal heteroatom selected from oxygen and
» : sulfur, - |
and yvher_ein the _f_oIlthng proyisos apply: _
iR is. hydrogen and R'is propylene, then at least one of the following.
applies (1) both R* and RY are not p-fluorophenyl, (2) one of R
_ _ an'd RV in‘cludesta heteroaryl, (3) R is Ar-(C1-C2)alkyl, Ar-oxy, Ar- ._
3 o : methoxy, Ar—thlo Ar-methylthlo Ar-N(R%)- or Ar—CH2~N(R6*) (4) -
. R?is RZZ’R2b . (5) R%is fot hydrogen, or (6) R*is not hydrogen
if R15 is hydrogen and R'is ethylene or X-R' is prop- 1—enylene then at
Ieast one of the: followmg applies (1) an aryl of at Ieast one of R"
-and R'is substituted with a radical different from hydrogen (2) '
one of: R" and R” comprises a heteroaryl, (3) RYis Ar—(C1 C2)alky|, '
Ar—oxy, Ar—methoxy, Ar-thio, Ammnethyithio, Ar-N(R®)- or Af~CH2— .
N(R®)-, (4) R2 is Rza R2h (5) R** is not hydrogen or (6) R3 is not '
' hydrogen o . '
f RSis C(O)NR“R14 wherem R13 and R14 are hydrogen (C1-C8)alkyi
' phenyt or stibstituted phenyl, then at least one of the followmg
apphes (1) an aryl of at least one of R" and R is substltuted with a
rad_lcal dl_ffe_rent from hydrogen, (2) one of R* and RY comp_n_ses a
 heteroaryl, (3) R is Ar-(C1-C2) alkyl, Ar-oxy, Ar-methoxy, Ar-thio,



al kyl, with up to one oxo, up to one (Cl-C6) al kylidene, with the proviso
that the hydroxy, al koxy, al kanoyloxy or oxy substituents are not bonded
to a carbon that is bonded to a nitrogen or oxygen; wherein the al kyl or
al kyl i dene substituents of Rl can be linked to forma 3 to 7- nenbered
non-aromatic ring; and wherein if X is nitrogen, Xis linked to Rl by a
single bond and the termnal carbon of RL that links RL to N is saturated;
.(4) .R3 is hydrogen, |ICl1-C6). al-Byt, or phenyl or phenyl al kyl wherein the
aI kyl is Cl.to C6 and either such phenyl can be substitut ed with the sane
substituents defined above  for the ary or ;eroarzyl ] . and (5) R4.
and R4* are hydr ogefM-maHytBioRAr-NREor Mﬁl’ﬂ&@@ﬁﬂ R(CE))SI@lG (SCs
NRL7R18, PO ORL9 ORRG* is GB2R(FE%%H, @RRY is (N hgdrobeh [A7DIRGs nof . Wwher ei n (a)
R13 R14 R15 R6 R' R18 R19 and R20 are independently hydrogen, (Cl-C8)
al kyl which can i ncPlY¥"S (C3-C8) cydoal kyl,. wherein the carbon linked to
t he oxygewhefeirit R? ssxnpshetnbla)rswahéuuylpbénylalﬁemmem'on@bfethé If:albwuﬁgecondar y

branchi ng and. h. |, . and noal kvl -wher is Cto
& and the anPROEST e St Ped e PR A R BehRud | S o5

al kyl's, Ar-al ket p—nvdihmqphertyhéZ)add@M df sit I€astChemf RAand Rb)s dabgtutu&dhydr ogen or
OR25 and (c) acetyl or,
where R22 is %r ?ééﬂ%qih tﬁ%fneh);d?gqs? 3&%558{:54%3@@%’"33% |ned to

i nclude 1, 3-di bﬁ@k@rmé MRilSS‘\fdpéx(‘aHi@lkyl Reoxywhemethexy, He-thie, 4r-oups of RI3,
Rt4, R15, RI16, n@cﬂ thBlﬁr—N -’or%Q}Hﬁ?@ R%% PIQ B%%t&rﬁ{ﬁg%tﬁxl@“@s“ tuted with

substituents se cted from the group conS|st|ng of chi ofo, brono,
"nitro, cyano, E&Pgﬂﬁféﬁ otrifluoromethyl, am dosul fonyl  which can have up to

two i ndepgmdeai .fh@lisgahethb@)ph&hyn&Hmsuéé&'oﬁ@%fthé@;om@@apa 5&/{1) (C2- Co)
al kenyl, (C1-C6) al kyl am ne, fR(@Py%%m ne wherein each

i ndependent |y & Argf @dea%ﬁ’ﬂ?ﬁ 5 substiied wittr radigal dﬁqeked‘rﬁoyl (C2- C7)
al kanoyl oxy, t frofl WaFsyERL (2PRY is ATYCAD)EIRYIDAR, Al Kﬁ%thoW)ArahbyAaxycar bonyl ,

mi b |t hat b , dent (Cl1- CG

Ayt (- oy matpReuAPB o Bl e PR s R sl th up (o
~three (Cl1-C6) .al kyl, or net hyI enedi oxy or ethyl enedi oxy vmth the two

.oxygens andEgorBBo&(y S5 ngg8%la¥rjn Q" th%q‘oﬁcpuﬁng formula '

ora p’harm'a'ceutically acceptable salt thereof, |
Whéfein‘ |
' ,’ 1) . Crisa substituted carbon;: . .
o (2) . R*(a)is hydrogen, (C1-C6) alkyl, (C1-C6) alkoxy, cyano, (cz C7) alkanoyl,
'ammocarbonyl (C1-CG) alkylaminocarbonyl, or dlalkylammocarbonyl wherein each alkyl |
| is.independently C1 to C6, (b) comprises (wheré R'is not aminoethylene, -O-R® or -S-
R%) hydroxy, fiuoro, i:hIOro. bromo or (CZ-C?) 'allklan'o'yloxy.' (c) forms é double



aryl or heteroaryl ring structure, which nethyl enedi oxy or ethyl enedi oxy
can be substituted with up to two i ndependent (Cl-C6) al kyl; wherein R13
and R14 together with the nitrogen can forma 5 to 7-nmenbered ring that
can contain one additional heteroatom sel ected from oxygen and sul fur,
and wherein the follow ng provisos apply: if RL5 is. hydrogen and-Rl is
propyl ene, then at |east one of the following.. . applies (1) both Rx and
R ' are not p-fluorophenyl, (2) o¥e of Rx and R' includes a heteroaryl,
(3).R" is Ar-(d-C2)al kyl, Ar-oxy, Aw- met hoxy, Ar-thio, Ar-nethylthio,
Ar-N(R6) -. .or Al s, not hydrogen,

or (Repdpdtiyan ?Ceﬁ'yﬂ?rg@'éﬂr%fmmﬁ%@ °RG 8 %‘Ejlgﬁﬁa% Iﬁy( °)§(‘§2sh lene or X-Rl is
propmke@ByRé‘ne cthen at |east one of the follow ng,applies (1) an aryl of
ne of . and.e 1S substituted with a radical different from
hydr(gg i%’(5‘")'91 dﬁli%edoqyr%@ﬁd R ' conprises a heteroaryl, (3) R'" is _
Ar - ((2%)= CZRAIé@’P]mke@lrbm’?to @t;- met hoxy, Ar-thio, Arnethylthio,
Arh Qo ot hydrogen,
l\éﬁi@ R SR%:)?" ﬁg%%e})endénﬁkg%t{c&xg%ﬁﬁﬁgﬂaéh@ﬂé%?né %172 andyR14gare
hydrmgaheredmbn@ti?t)tahtkwmr)g havirer@ heteroatuswingratned phenyl, then. at | east one
of the f xa o Lal of ‘ nd S
bﬂ %t{] R c%fl b%:'i%degﬁgﬁ(%ﬁﬂ# sggstﬂttltgd mﬁBnQ?P R@(ora Ry

substitute i ca rom rogen 'one of Rx .and RY
conpri ses a tﬁ"tser‘d*eﬁf@h eaclpf R, 'R' pad Ry a'(emld@)‘d%ﬂﬂkﬁf or agamaafly. Ar - met hoxy,
Ari-thi o, 81-,1Q{-rrethylth|o Ar-N(R6) or Ar-CH2-N(R6*)-, (4) R2 is Rea
R26-, (5) R2* 1s /dr oge I s not hydrogen, I S. not

et hyI ene; (BhRes B nR ‘pad %ﬂéﬂype éﬁ‘bsﬁi‘hﬂ PrAddfienslly, Supﬁéﬁ‘lteﬁt‘”'t}‘east one of
the fol I owi ng ormnlm&s, stBstitlidies d1¥4t8d Rbmfthe giod Ronsuﬂirng offfior§ubstituted with

B T o ety (< Braen o BT cvah’ft@ﬁwmrg%'n?mﬂl&ﬁwgﬁﬂtwf? F one of R
and 'R ' conpri&@shae ubed ev@mdypended) (OR-C6)iNs-alRyi-subdtitdiibhg) ([O1LC12r - oxy,
A[ ) et hoxy, Aréllt(yr?,i (9)2-@[2_) alkenyl, amino, ('C1—'CG) alkylamino, dialkylamino wherein
_ -each alky! of dialkylamino is indep'endently C1 to C6, (C1-C6) alkoxy,
o _' (C2-C7) alkanoyl, (C2-C7) alkanoyloxy, trifluoromethoxy, .
! : 'hydroxycarbonyl (CZ C7) alkyloxycarbonyl amlnocarbonyl that can be
substltuted for hydrogen wnth up to two mdependent (C1-C6) alkyl, (C1-
C6) alkylsulfonyl, or am|d|no that can mdependently substituted with up
to three (C1-C6) alkyl, wherein: | '
(i.) the substitutions of R* and RV"“ can be combmed to form asecond
bndge between R* and R" comprising (1) methylene or ethylene,
or, (2) -CH= CH or whereln R* and R* can be directly linked by a
K _ single bond; _ S
(2“’) R*® and R® are mdependently a-single bond or (C1-C2) alkylene
@) R*i isa slngle bond, oxy, (C1- _C2) alkylene, ethenylene or -CH (where the
| double bond is with C*) thio, 'rn.'ethyleneo'xy or methylenethio or either -N(R®).or -CHp- -
| N(R®*)-, wherein R® and. RG* are hydrogen or {C1-C6) alky; |
| (3) R'comprises: a straight-chamed (CZ-CS) aliphatic group; ;—N-O (ethylene) wherein
the unmatched double bond is linked to C*; -O-R® or -5:R* wherein R® or R* is a
ethylene or ethenylene and OorSis bonded to C*; ammoethylene where the amino is
_ .bonded to C*: ' _ _
wherein R' ¢an be substituted with.up to one hydroxy, up to one .(C1-CG.)- a’Ikoxy
. orupto one (C2-C7) alkanoyloxy, with up to two independent_(CT-CS)



methylthio, Ar-N(R6)- or Ar-CHAR 6*)-, or (5) R is not am noethylene, OR8
or SR8*; wherein if R2a is p-nethoxyphenyl, then at | east one of the
following applies (1) an Ar of at least one of R® and R' is substituted
with a radical different from hydrogen, (2) R' is Ar-(Cl-C2)al kyl,
Ar-oxy, Ar-methoxy, Ar-thio, Ar- nethylthio, Ar-N(R6)- or Ar-CH2-N(R6*)-,
or (3) RLis not OR8 or SR8*. 2. A conpound according to. claim1l of the
following formula: R RI1 R2 C-R3- R4 R5k R4. or a. pharnaceutically
acceptabl e salt thereof, wherein: (1) C is a substituted carbon; (2 R

(a) is hydrogen, (Cl-C6) alk Cl- C6 kox ang, (C2-C7). al kanoyl
am nocar bonyl , @(@1W&)’p£‘? é’fﬂ Hgé%lPB% Csb?'xﬂﬁdﬁf\'/?c))’f' rfé"hBY?é{'rSBonyl wher ei n
each al Ey: iStHaﬂdﬁﬁ@ﬂdﬁ@L buto@ a'll@n@oxy(d?)ox??ﬂ@ititlmhfr‘diﬁf @%dabdl S nOE Q- C7)
am noet hyl ene; uoro, chloro, brono or -

al kanoyl oxy, (8 F%Rr%ﬂga‘ftlfgffﬂﬁgd %@X%Bgﬁ%o(/\ﬁ”fyﬁe%r?"gdj acent carbon or

ni trogen fhersirothe atkyl & diyidided? sub=bituBhtslof RO caf b linkedRe forml a ke by R2b to

C;, (2R is R , (28) R' is R'alinked by R'b to
C; (28i) R'a "%{/Aber d'g%#mﬁg?%%ﬁ%dependently Ar, which is phenyl or

naph(4)y!l , R&(a)as Bydrogen, (@G5 alkH, arpheayicrrmheaylalikyl gvhieeain the yhist@t oat oms

wh tituted th
er%@w@%e‘ﬁ%@"& Redyd ﬁhﬁm‘%‘?ﬂﬁﬁ SO ERRICAT 0 S dent 1y A o

| adarrﬁmstrwents@#ﬁi ngh pbevecfor mp pheay of R, ( r'ﬁi RECEINRIUR UbwhereintRY or

addi {d gkl Yo AURSYS uhHé;f‘éil\d@Mﬁhe QBfeYs RIOR® iSHBESdIdURIY e S5EGLEd from the

gr ou% consi sting of fluoro, ) - N
R'"is independently the same as R? and R" is mdependently the same as R';

(5) R* and R* are independently hydrogen and _
R () 5is (CO)NR™R™, (CO)OR™, (CO)SR'™, (SO,)NRVR'®, (PO)(OR™)OR™),
- (CRZZ)(OR”)(ORZ“),- CN or tetrazol-5-yl, wherein (a) R®, R™, R'*,R", R”, R"® R and
. R* are independently hydrogen, (C1-C8) alkyl which-can include a (C3-C8) cycloalkyl,
wherein the carbon linked to the oxygen-of R d_’r the sulfur of R™ has no more than
secondary branching and, (Cz-Cs)'hydfaxYaikyl-,' aminoalkyl where the alkyl is C2 to C6
" and the amino'can be substituted-with up to two independent (C1-C8) alkyls, Ar-alkyl
- wherein the.alkyl is C1-C6 or Ar, and (b) RZ is hydrogen or OR® and R®, R? and R®
are (C1 -C8) indepehdently' alkyl, phenyl, beniyi or acetyl or, the alkyls of R* and R*
! can be combined to include 1 :3-dioxolane or 1,3-dioxane: _
whereln the pheniyl or naphthyl groups of R™, R“ R, R R"7 R® R, R, R22 |
R* or R* can be substituted with substltuents selected from the group
"-.con3|st|n_g of fluoro, c_hloro, bromol, nitro, cy_ano, hydroxy,__tnﬂuoromethyl,
_ _ ._Qmidos_u'lfonyl which can héye_ up to two independent (C1-CG) N-atkyt
i | substitutions, (C1-C8) _alkyl,f-(c_z-.c_e)ialk'eqyl,_ {C1-C6) alkytamine,
- . dialkylamine -wherein e_éQh'a'l'kyl-:is iﬁdépend_éntly C1to.C6, amino,-I(C1—
°C6) alkoxy, (C2-C7) alkanoyl, (C2-G7) alkanoyloxy, triflusromethoxy,
shydroxycarbonyl, (C2'-C7) a‘tkyloxyéarboﬁyl-'aminocarbonyl that can be N-
'--substltuted with up to two lndependent (C1-C6) alkyl, (C1—CS)
) alkylsulfonyl or amidino that can substxtuted with up to three (C1—C6)
alkyf; wherem R and R* together with the attached nitrogen can form a

5 to 7-membered ring; and wherein. further the-follgwm_g provisos apply:



chloro, brono, nitro, hydroxy, cyano, trifluoronethyl,. am dosul fonyl which
can have up to two i ndependent (Cl1-C6) N-al kyl substitutions, (Cl-Cl2)

al kyl, (C2-C12). al kenyl, am no, (Cl-C6) al kylam no, dialkylam no wherein
each al kyl of dial kylamno is independently Cl. to C6, (Cl C6) al koxy,
(C2-C7) al kanoyl, (C2-C7) al kanoYloxy, trifluoronethoxy, -

hydr oxycar bonyl , . (C2- C7) al kyl oxycar bonyl, am nocarbonyl that can be
substituted for hydrogen with up -886-two independent (C1-C6) al kyl, (Ci1- C6)
al kyl sul fonyl, or arri dino, that can independently substituted with up to
three (Cl-C6) al kyl, wherein: .)the substitutions of R' and.R 'a can be
conbi ned to fotfrﬁ a'sélﬁ!é@tﬁﬂn apd Bdgsep'BBY'Wé"enh%(%f leang ope of thg followiniang (1)

met hyl ene or et hyl e@ﬁphesQ’()bd(ﬂk“éﬁd?@”ar@ﬁot%fo%dhewa(zamlﬂra can be

directly linked by a , single bon [ end ntIy a single
bond or (ClL -C2) al RiWleAEDY. A'W‘Wm&yﬁf‘ﬁg g\fﬂ%@' é‘ﬁg‘?ﬁﬁ lcl =)

al kyl ene, et henyl en€H¥N(REH:(F) Hies RZARR-, ()RS aottgdcbgen, am(shRﬁé) t hi o,

nmet hyl eneoxy or nmnet hé{j}}’ﬁ’et hio, or either -N(R6). or . -CH2- N(R6*)-, wherein
R6 and. R6* are hydf (Cl C6) alkyl; (3) .R conprises: a

strai ght - chai néfR'¢ @zwﬂﬁ)gealanoﬁéus ethgleoeipr Cﬂi\l—u@p(oe)t-hgzhm@ thendterein the

- unmat ched doubl e bo one of%cf‘e g)ll{))\glnggppﬁgsb@ﬁar?éry &‘@easmﬁegf@“% or R8* is

a ethylene or et heﬂeyals!ene an am noet hyl ene where
the amino is bondednd &3, substithiedayith Rradisahdiffereptivyn hydrogen. (2 h. up.to one

hydroxy,” up to one gkl %ﬁdlle@lkro%% Apﬁlkg]:)xquﬁe A%emghmalkmwj oxy, With

up to two independent ( A ne oxo, up to one
(C1-c6) al kyl i dene, Ov\/i‘\t-ﬁH&M Bro@ &Kis -s(f’éﬁqy%mbtyﬁrogam KBKS),

al kanoyl oxy or oxy ﬁ;@,t,éﬁ,t}@,@b@nare not bonded to-a carbon-that is bonded
to a nitrogen or .ox erein,the al kyl or alykli dene substituents

of 'R can be Iff ﬁ(éﬂé?%)"ﬁ) d""!-?r?'ﬁ Ry2 and Roere vergendeiéd@aki ng: (4) R3
(a) is hydrogen, (Ciah&@l oﬁédﬁéhtutélfp%ﬂ?lnmen@t lenbemel @ﬂtlké’follw)mgel n the alkyl

wth the same  subsepblren kel olatieastond aT TR el whe (b)' [
- R12C( RXX) (R ") (R") radie Glffﬁrdﬂiﬂom hydrogen, fluoro, chloro, or bromo (2) RY is :
Ar-alkyl, Ar-oxy, Ar-methoxy, Ar-thio, Ar—methylth:o Ar-N(R%)- or

Ar-CH,- N(RG*) (3) RZis R™ R% R%-, (4) R%is not hydrogen (5)

Riis not hydrogen, or (6) R is not ethylene;

if Rza is phenyl or p-methylphenyl, then at least one of the followmg
applies (1) the aryls of R* and R” are not substltuted with p-
. methylphenyl or -p—.m_ethoxyphenyl, (2) an aryl of at least one__of R*
. and R is substituted with a radical different ffom- hydrogen, (3) R
is Ar-alkyl, Ar-oxy, Ar-methoxy, Ar-thio, Armethyithio, Ar-N(R®)- or
- : Ar—CHz-N(RG*) or (5) R'i is not ammoethylene OR® or SRB* o
1f R* is p- methoxyphenyl then at |east one of the followmg applles (1) an
- Arofat I_east one of R* and RV is substituted with a rad_lcal different
“from:hydrogen, (2) RV is Ar-'('C1'C2.)alky'I Ar-oxy, Ar-methoxy, Ar-
_.thlo Ar methyithio, Ar—N(Re)- or Ar-CHzN(RG*)— or(3)R'is not -
 OR®or-sR™.

- 3. The compound of claim 1 or 2, wherein (A) at least one of R*, R and
R%is substltuted W|th fluoro, chloro, bromo hydroxy, tnﬂuoromethyl tnﬂuoromethoxy
-nitro, cyano, (..;C3—08) alky_l_, RY, RO-, R°S- . (B) R’ is hydrogen, (C1-C6) alkyl, or. phenyl
or phenylelkyl wherein the alkyl is C1 to-C6 and either such phenyl can bé substituted -



is bonded to N, Rxx is independently the same as Rx, R" is independently
the same as R ', Rll is independently the same as R2 and R12 is

i ndependently the sane as R; (5) R4 and R4* are independently hydrogen and
{6) R5 is (CONRL3R14, (COOR15, (COSR 6, (SO02)NRL7 R 8, (PO (OR19)(OR20),
(CR22) (O R23) (OR24), CN or tetrazol-5-yl, wherein (a) R13, R14, R15, R16,
R17 , R18 R19 and R20 are independently hydrogen, (Cl-C8) al kyl which can
include a (C3-C8) cycloalkyl, whéfein the carbon linked to the oxygen of

R 5 or the sulfur of R16 has no nore than secondary branching and, (C2-C6)
hydr oxyal k am noal kyl re t he [ and t he am no can be

| is C2to C6
substf'hiee WFFP%’B‘G(‘@%KB‘% ﬂﬂ‘g ¥3('€_'Lb?f85°aé¥'l9§/R O NP LBeEPs  wher ei n
thg sz&g&u&esw R@lR@ﬁarﬂrRzAﬁncI@diﬁb (-,llhﬁsulaéats théreh)ydﬁfégﬁge mcnuleaa%aamd IR’23 hR24
an ar nt enzyl or acetyl or, the
al kylt‘§°8f°"l'-§‘§ c?tr\?éﬁresg '%§¥%1$ %H@itog‘sdl oxol ane or 1;
3-di oxane: , R15, R16, R17, R18 R19, R20, R22, wherein the phenyl or
napht hy1 g7 ounsy otoResulSid AR Llnad ol Be SYRSL kUl gt substi tuent s

sel ected fromt consisting © uoro | bro , nitro, cyano,
hydr sustitated Mttwu@memﬂyd»rpmemyl trdlsiatoneatiydxywhitroheyaoa,rori{@84:8) atkyt o t wo

i ndependent (Cl-C6) N-aI kyl ~substitutions, (Cl-C6) alkyl; (C2-C6) alkenyl,
{Cl-C6) al kyl ami ne, dial kyl am ne wherein each al Kyl .is i ndependent ly Cl to
C6, am noS. (Cl- Th@@pmap claingA. @%wépt@ah@tyeast@a@ob?j Bl lead &7 tsxy,

tri flsyesianed bax ke, Ry dr@egcar bonyl, (C2-C7) .al kyl oxycar bonyl,
am nocar bonyl .t hat can be N substltut ed with up to two |ndependent (C1- CB)

al kyl, (Cl1-C6) alkylsulfonyl, or amidino that can substituted with up to
three . (Cl¢C6) mé@hpomwaﬂnm& zame&%ﬂflnmgemﬁ{etwwédéok,h%.ato? ached

nltrogen can forma 5 to 7-menmbered ring; and wherein: further the
fol | &ﬁ?ﬁ@e’ﬁﬂdﬂh sos apply: -84 if RL5 is hydrogen and R is propyl ene, then
at l'east one of the follow ng appl ies (1) both Rxa and Rya are not

p- f 1 uor ophenyl 2 net hoxy, Ar-thio, _
“Ar - et hyl Itghl 0, TR% C%{T%ﬁ'"ds‘dA a){p% &Qﬁeﬂltﬁ%G X)iy ‘(réS"ORZ is Rea R2b-, (4) R2.is
not hydrogen, or (5) R3 is . not hydrogen; |f R15 is hydrogen and R is
ethyl.ene gr C*ﬁzhe'cﬁmBS@eréf R ERe, th.%'i‘h Ris (CO)NR”R“ (CO)OR™or

| (CO)SR™,

9. The compound of claim 8, wherein R™ is (C2-C6) alkyl, (C2-C4)
hYdroxyalk’yl, 'phényl, phe_nylalk_y1-'-whe'rein the alkyl is C1-C3, or aminoalkyl where the
alkyl is C2-C6 and the amiino can be substituted with up to two independent (C1-C3)
alkyls, wherein the phenyt or the phenyl of 'phen.yl_alk'y_l can be substituted. | '

10, _ The compound of claim 8, wherein R' is hydrogen. .

11. . The compound of c!alm 1 or 2, wherein R* is hydrogen, methyl or
.hydroxymethyl and R*is hydrogen

" 12.  The compound of clalm 1, wherein-at Ieast one of R*, R%” and R‘Za
'heteroaryi compnsung dtazolyl tnazolyl tetrazolyl, thiazolyl, isothiazolyl, oxazolyl,
|soxazolyl thiolyl, diazinyl, tnazmyl benzoazolyi benzodlazolyl benzothlazolyl
benzoxazolyl, _.benzoxolyl,._ ben_zothlolyl, quinolyl; isequinolyt, benzodiazinyl,

benzotriazifiyl, pyridyl, thienyl, furanyl; pyrrolyl, indolyl, isoindoy! or pyrifidyl.



| east one of the following applies (1) an aryl of at |east one.of RXa and
Rya is, substituted with a radical different fromhydrogen, (2) Ry is
Ar-al kyl, Ar-oxy, Ar-nethoxy, Ar-thio, Ar-nethylthio, Ar-NR6)-
Ar-.CH2-N(R6*)-, (3) RR is Rea R2b-, (4) R2 is not. hydrogen, or (5 R3is
not hydrogen; if R5 is C(ONRL3R14, wherein R13 and R14 are hydrogen,
(C1-C8)al kyl, phenyl or substituted phenyl, then at |east one of the
following applies (1) an aryl of -&-1east one of RX and Ry is substituted
with a radical different from hydrogen, fluoro, chloro,. or.brono (2) Ry
is Ar-alk Ar oxy, Ar-nmethoxy, Ar-thio, r-rrethylthlo Ar - N(R6) -

Ar - CH2- N(Ré}) %SO"F@UPQ oRSIZINRD 8T Rowhereing}' IRFOTRS oio-Riydr ogen, (5). R3 i's
not hydrogen, or . (6) R is not :ethylene; if Rea is phenyl or

p- met hyl phepyl, _then at | east .one of the fol ng applies (1) the aryls
of. Rx and tﬁ"ﬁ&’ mER 9ty ’8 %th’i’s“ﬁre"h%?'ﬂﬁ? Ridgp PetwesB e xy pheny! |
(2) ansffﬁ?;ﬂ”efﬁd Bt it asid itsfialth&folloaind fByndls: substituted with a radical
different from hydrogen, (3) Ry is Ar alkyl, Ar-oxy, Ar-nmnet hoxy, Ar-thi o,
Arnet hylthio, Ar-N(R6)- or Ar-CH2-N(R6+)-, or (5) Rl is not am noethyl ene,
~OR8 or SRS*; if Rea is p=nethoxyphgnyl, then at |east one of the follow ng
applies (1) an Ar of at |es prie. X and R' is substituted with a
radical different from hyen, is Ar-(Cl-C2)al kyl, Ar-oxy,

‘Ar - met hoxy, Ar- .thio, Ar nB (R6)-, or Ar-CH2N(R6*)-, or (3)
RL. is not - OR8 or -SR$*. 3. Th pound of claim1.or 2, wherein (A at
| east one of RXa, Rya and .R2aj & dSybstituted with fluoro, chloro, brono,
“hydroxy, trifluoromethyl, trifluorofrethoxy, nitro, cyano, (C3-C8) al kyI,
R4, RO, RsS-, (B) R3..is hydrogen, (Cl-C6) alkyl, or.phenyl  or -

phenyl al kyl wherein t I & _and ei t her. such phenyl can be'
sub_st'i“(ql?f%ﬁ/\-aég@ﬁﬁet‘ﬂyt%g E%‘?ﬁiy'éh‘b‘gtslctf Rentrd Bef feresrtix®lbve for the aryl or
heteroaryl of R'a or (O the ring structures of R'a, Rya and RZa,

i.ncl udi ng bsti,tuents the therw se, ihcl yd aromatic
ring structur esfhtehafnpto a"ﬂ1 e Mg "1‘% r# §W03?4)23°rﬁt0n5 4. The .

conpound of cl.aim 4, wherel n at | east-one of R, RP and R2' is

wherein Y is a:carbon bonded to R by a single or double bond or a'”tlit'rc')gen that is
bonded to R’ and wherein R’ either (i.) completes a'single bond hnkmg two @ryl or

_ heteroaryl rings of R*and R, (ii. ) is (C1-C2) alkylene or alkenylene i) is sulfur or (IV )
s oxygen, and whereln RX and RY can be substituted as set forth above '

16. :Th-e_'cOmp'_ound of laim 15, wherein R is CH,CH; or CH=CH.

17. The compound of claim 1, .wherein the alkyienedloxy substltutlon of R,
R .or R"’a is-as follows '



substituted wth fluoro, trifluoronethyl, trifluoromethoxy, nitro, cyano,
or (C3-C8) alkyl. 5. The conpound of claiml1 or 2, wherein at |east one of
R'a, FRY' and Rea is substituted with RR RRO, or RS-. 6. The conpound of
claiml or 2, wherein R'h is oxy, methyleneoxy, thio or nethylenethio. 7.
The conpound of claim6, wherein Rye is oxy or thio. 8. The conpound of
claim1l or 2, wherein RS is (CONR 3R14., (COOR -5 or (COSR16. -9. The
compound. of claim8, wherein Rl58ts (C2-C6) al kyl,, (C2-C4) hydroxyal kyl,
phenyl, phenyl al kyl wherein the alkyl is Cl-C3, or ami noal kyl where the

al kyl is C2-C6 and the am no can be substituted with up to two i ndependent
(C1-C3) alkyls, ein the phenyl or. e phenyl of phenyl al kyl can be
substituted. 10. The nd of cl ai m8, rei ™MRL5 is hydrogen. 11. The
compound of claiml1. o erein R4 is hydrogen;{ nethyl or hydroxy

net hyl and k4* is hydr 12. The- conpou of claim.1, wherein at |east
one of Rxa, Rya an a |§3a het er oary onprost ng di.azolyl, thazolyl,

tetrazol .yl, thiazolyl, isothiazo?yl, oxazolyl, isoxazolyl, thlonI
di azi nyl’, tr|a2|nyl benzoazol yI, benzodlazolyl benzothlazolyl
benzoxazol yl , ,benzoxolyl benzothlglyl qU|nolyI . 1 soqui nol yl ,

benz bt thelalkyldneBidR) EArBd gudsmumtwwdyup totth,bermépendm QOYIC3) Ayl ol yl,
i ndol yl, isoindoyl or pyrimdyl. -86- 13. The conpound of claim1 or 2,
wherein RL is -OR8 or -S-R8*. 14. The conpound of claim1 or 2, wherein

sai d secons. bri ngeorbﬁcbumieofctaim1 @2, Rhér;eurm’aaaddtyﬂageﬂaentan &nd satl sfies the
fol l g I 8bdN are e ryl groups of
Rxa £l t'&%é)wqtgg%eoc?'f\?Lélfsfl'.tuefg' ﬁ ﬁg cgr?%oun nea C albﬁp%d’mﬁe f2i n Rxa- 'Rxb-
Rya- B3 bubstiheknd$, hind wherelrthe pféselice of each of RY, R’ or R_S_IS considered a . R

"~ substitution to the respective ring structure of R, R and R%.

19. The componnd of claim-1 or 2, wherein a phenyl of R? is substituted with

-up to three substituents.

20. The compound of claim 1 or 2, whereln the aryI heteroaryl aryl of
- arylalkyl or the heteroaryl of heteroarylalkyl of R®, R™, R", R®R", R™. R" or R? is

substituted with up to three substituents.

21.  The compound of claim 1 or 2, wherein the compound is an optically pure

enantiomer.

_ '22. The compound of clalm 1or2, whereln
(1): ‘R?is hydrogen, . R
(--'2')":. R* and R” are both phenyl and atleast one of R and R"a is substltuted with -
~ one of phenyl, phenoxy, or phenyithio, - :

o _(-3) _ ‘R™is a single bond and R" is a single bond or oxy, and
P I'(4) - Riis (CO)NR"’R14 or (CO)OR™, Whereln R™, R, and R are’ lndependently
' _ hydrogen (C1 -C8) alkyl Wthh can mclude a (C3-C8) cycloalkyl wherein the carbon
. linked to the oxygen of OR15 has o more than secondary branching; (C2- CG)
L hydroxyalkyl or amlnoalkyl where the alkyl is C2 to-C6 and the amino can beé substttuted
 with up-to- two mdependent (C1 —C6) alkyls or phenylalkyls whereln the atkyl is: C1 6

.- and the phenyl can be substltuted with' substltuents selected from the. group consnstmg of



wherein Y is a carbon .bonded to 'R . by a single or double bond or a
nitrogen that is bonded to R and wherein R21 either (i.) conpletes a
single bond linking two.aryl or. heteroaryl rings of Rx and R",:(ii.) is
(C1-C2) al kylene or al kenylene, (iii.). is sulfur or (iv.) is oxygen, and
wherein Rxarid. R' can be substituted as set forth above. 16. The conpound
of claim15, wherein R21 is CH2CH2 orCH=CH. 17. The conpound of claim1,
wherein the al kyl enedi oxy substit@8ion of Rcka, R ''or Rea is as follows:
-87. 0O -VSS Ois J. : > ', OO or wherein the al kyl enedi oxy can be
substituted with up to two i ndependent (Cl-C3) alky U. The conpound of
cl ai fiyorogghlaro, brprap giitho.reyane Ay dy, tf'Blg%?rneﬁhv'eaw'%éu' apybyhieR gAned with up to

si X paRslg lroliﬁmrﬁiepg%ntf@l- BARCLIEPs Gt EBRL) (@?—@?Bmw lategywith u.p to 3

substituents, and wherein the presence of each of R4, R or RS. is
consAliendd Ca-Ca)siylamins. SiAMATIAR r espective. ring structure of R', Rya and

Rea. 19. Jhéerefr0sgenaung i@findzipahaariuymn 3.Ccepagii, (CRCphaRyty, @2-83) i S

substituted wt bst uents., 20.. The co of claim1l1 or
2, wherein thea'g?'ﬁﬂyp(hgl(g]é‘g(? °’%§ﬂ“8‘f’meg}‘Wa’TyQny qugréf eroaryl of
het er oar yl al kyC7péikfd:3cafBbayl, ﬁihﬁpcﬁibGn;Fthﬁt chtl Be R7 Substitét26 with upsubst i t ut ed
wth up to thrgo%gﬁu.g e{p: E:a(ﬂqg/épur alkgl f&HﬁgHy'?sungf clalm b Qreg. wherein

t he conpound i e corrpound of daim1
- or 2, wher ei n: subistijutdDwittsuphtodthegd@1-C6)(@yl.Rxa and Rya are both phenyl and
at | east one of Rxa and W is substituted .with one of phenyl, phenoxy, or
phenylthio, {3) Rxb is a single bond and R e.is a single bond or oxy, and
. (4) RS 23 ( C®) PIRIBReeYtion! c(octppsnoacomﬁwm Wem@pomof@amme are

i nd eQﬁ(ﬁ'g%ﬂgﬂrﬁ/aoeutlcally acceptable excuplent

24. The phaﬁhaceutical composition of claim 23, wherein the compound of

claim 1 or 2 is present in an effective amount for:

(1) treatlng or preventing schlzophrema
(2) enhancmg treatmg or preventmg dementla
(3) treating or preventing epilepsy,
(4) treating or preventing spasticity,
'(5)'tr'e‘ating or preventing muscle spasm,
-{6) treating or preventing 'p‘éin
(7N preventmg neural cell death after stroke,
(8) preventing neural cell deathi in an animal sufferlng from a
_neurodegenerative disease, '
: (9) treatirig or preventing mood disorders,
- (10) éhhancing'-memOry.or learning; or -

' (1 1) -trea,ti'ng'_or preventing '-le'a_rni'n_g disoirders.

- 25 ' U,’se'_q'.'f a’_compduhd- Of.fOn’k\ulé:



hydr ogen; (C1-C8) al kyl which can include a (C3-C8) cycloal kyl, wherein the
carbon linked to the oxygen of ORLl5 has no nore than secondary branchi ng;
(C2-C6) hydroxyal kyl or.am noal kyl where the alkyl.is. C2 to C6 and the
am no can be substituted wth up -to two i ndependent (Cl-C6) ai.kyls or
phenyl al kyl s, wherein the alkyl is Cl1-C6 and the phenyl ean be substituted
W t hsubstituents selected fromthe group consisting of -88- fluoro, chloro,
bronmo, nitro, cyano, hydroxy, tri-fPuoronethyl, am dosul fonyl which can

have up to two. independent (Cl-C6) N-al kyl substitutions, (Cl-C6) alkyl,
(C2-C6) alkenyl, (Cl-C6) alkylam ne, dialkylanm ne wherein each alkyl is

i ndependently d to C6, anth, (f21- C6) al koxy, (C2-C7) al kanoyl, (C2-C7)

al kanoyl oxy, trifl uoronet hoxy:~hydroxycarbonyl, (C2- C7) al kyl oxycarbonyl,
am nocar bonyl that can ber SHo t|t¢ted with up to two independent
(CL-C6) al kyl, . (Cl-Co) alkylsulf"onyfN am dino that can substituted with up
to three (Cl1- C6) al kyl . 23. A pharmacewy+dal conposition conprising the
conmpound of claiml1l or 2 and a pharnaﬁgdflcally accept abl e exci pient. 24.
The pharnmaceuti cal conposi-tion of claim23, wherein the compound of claim
1 or 2 is present in an effective anount for. (1) treating or preventing
schi zophreni a, (2) enhancing .treating or preventing' denenti a,

(3)' br £phafithcouticaleNeptad: €K theRss,, (4) treating or preventing spasticity,
(5) treating or preventing nuscle spasm .(6) treating or preventing pain,
(7 PPEVEhting neural cell death. after stroke, (8) preventing: neural cel
death in an animal suffering froma neurodegenerative di sease, (9) '

e RN DR RORTEl e L NSRS, D0 o e ning,

of f&nul &2 (athydrogen (C1-C6) alkyt, (C1-C6) alkoxy, cyano, (C2-C7) alkanoyl

'. aminocarbonyl, (C1-C6) alkylaminocarbonyl or. dialkylaminocarbonyl wherein each alkyl

| is independently C1 to C6, (b) comprises (where R'is not aminoethylene, -O-R®or -S-

'R®*)_hydroxy, fluoro, chloro , Bromo or (CZ—C?) alkanoyloxy, (c) forms a double
bond with an adjacent carbon or mtrogen from one of either R1 R® or R, or (d) is R*
linked by R® to X;
29 RisR® Imked by R® to X;

(2" . RYis R linked by R to Xt _ _
2%y R® R"®and R* are mdependently Ar whlch is aryl or heteroaryl, adamantyl ora
5 to 7-membered nonaromatic ring havung fromOto 2 heter_oatoms selected from the
group 'cdnsisting of oxyg_er_xi, sulfur .arid"nitrog'en, wherein at least one of R, R and R*
is phenyl, and wherein: - - .

(a) aryl'is.phenyl or naphthyl, _

{b) heteroaryl comprises a five- membered ring, a sux—membered fing, a six-
membered ring fused toa fi ive- membered ring, a fi ve- membered nng
fused to a snx-membered nng. ora sm—membered ring fused to a six-
membered nng, wherem the heteroaryl is aromatlc and contains

. heteroatoms selected from the group censustmg -of oxygen, sulfur and
nitrogen, Wlth the remalnmg nng atoms bemg carbon

(c) each of R, Rya and R* .can be substltuted or mdependently substituted with
-one of RY, RO- or RSS- wherein each of RY, R anf R® are mdependently
Ar, adamantly ora 5 to 7—membered non-aromatac ring as these ring

structures are def ned for R""’ and



Rz R2 X, R RY' R NFe - or a pharmaceutically acceptable salt thereof.
wherein: (1) X is nitrogen or carbon, and R2 is not present when X is
nitrogen; (2) R2 (a) is hydrogen, (Cl-C6) alkyl; (Cl-C6) al koxy, cyano,
(C2-C7) al kanoyl, am nocarbonyl, (Cl-C6) alkylam nocarbonyl or

di al kyl am nocar bonyl wherein each alkyl is i ndependently C to C6,. (b)
conprises (where R is not am noethylene, -0-R8 or -S- R8") hydroxy
fluoro, chloro, brono or (C2-C7) -&8 kanoyl oxy, (c) fornms P double bond with
an adj acent carbon or nitrogen from one. of either R, RXb or R'b, or (d)
s R2a I|nked)%/?‘a q (2) R is R nked (}/Rxbtox (2") R" is
Rya |inketdEy" R R & a(‘é' Reédd'm"&ﬁﬁbﬁﬂ%e with one,gematedent | y Ar

which is aryl eubdileRisaaletded f&sﬂﬁmryup %ns&tm?oiﬂho?o [BRIEE besmaonar omat i ¢
ring having fromO to.2 heteroatons sel ect§ rom teﬁa‘ggjg consi sting of

oxygen, sul f ur "RdAMEPYoGERO. Fiflueramstiy, a lfomtwpie ¥hd Rea is
phenyl, and }/mﬂﬁcﬁlhﬂepdlﬂ)ente(mM)N-Qhﬂftﬁbstﬂﬁtldﬂﬁpéﬁdﬂ)dmyl (o:)cmterggrw |
conprises a fiv ri;ng,, a.six ered ring
fused to a f1UBAnEHBG! Scteri Ay R LCREAREP Bl HABYeREL i Era

si x=menber ed eadigalkyd is iadspendantiyhet ©0C6,i(C¢-Ca) atdxy, ¢Ca-Cxi) xkanaytber ed ri ng,
e e S BAlldtTRL SoR SE oRr R 3! ected L from
ring atomnms bei algylowdadmpyi( ginirogairooyl tha'taan Ryaulamndltﬂeéprommb@ withost i t ut ed or
Re. R ant R SO teHaGRoe o R oy, 1 oIt R Rl ORed.
‘non-aronatic rp@fgbeod@mw@nﬂy ﬁgnsgwmﬂcwrm&toah@ed@1G€é@lkwtﬂrom orand.

méthylenedioxy or ethylenedloxy wuth the two oxygens bonded to
adjacent posntlons on the aryl or heteroaryl ring structure which
methylenedloxy or ethylenedioxy can be substituted with: up to two
independent (C1-C6) alkyl whereln
. (i.) the substitutions of R, R* and’ R% can be combined to form a second
- bridge between two of R, R” and R* compnsung (1) (C1 -C2)
alkyl or (C2) alkenyl, which can be mdependently substltuted with
~one or more (C1—CG) alkyl (2) sulfur, (3) oxygen, (4) amino, which
can be substituted for hydrogen with one (C1-C6) alkyl, (5)
~ carbonyt, {6) -CH,C(=0)-, which can.be substituted for hydrogen
with up 'to_'two'indepe_ndent-_ (C1--06)-a]kyl, @) _-C(=.‘_0.)—O-, (8) -CHZ-
~ 0-, which can be substituted for hydrogen wnth up to two
independent (C1-C6).alkyl, (9) -C(=0) N(RQ;‘) wherein R* is
hydrogen or (C1-C6) alkyl, (10) CHZ-NH- Wthh can be
substituted for hydregen with up to three (C1 -CG) alkyl, or (1 1) -
" CH=N-, Wthh can be substltuted {for hydrogen with (C1—CG) alkyl,
or whereln two of R, R and Rz"’ can be dlrectly linked by a
' smg1e bond ' '

_(_2“':)' R"b and R2b are lndependently a single band of (C1-CZ) alkylene;

29 . R"b isa single bond, oxy, (C1=C2) alkylene, ethylene or “=CH="(where the double
bond 45 with. X) thlo methyleneoxy or methylenethlo or either -N(RG) or —CHZ-N(RG*)—
whereln R6 and RG* are hydrogen or (C1 CG) alkyl wherem when X is mtrogen Xis not .

bonded to another heteroatom



-90- (d) R'a, Rya, Rea, RQ Wand RS can be additionally substituted with
one or nore substituents selected fromthe group consisting of fluoro,
chloro, bronmo, nitro, hydroxy, cyano, trifluoronethyl, am dosul fonyl which
can have up to two independent (Cl-C6) N al kyl substitutions, adamantyl,
(C1-C12) alkyl, (C2-C12) al kenyl, am no, (Cl-C6). -alkylam no, dialkylam no
wherein each alkyl is independently Cl1 to C6, (Cl-C6) al koxy, (C2-C7)

al kanoyl, (C2-C7) al kanoyl oxy, t-mitfl uoronet hoxy, hydroxycarbonyl, (C2-C7)
al kyl oxycarbonyl, am nocarbonyl that can be substituted for hydr ogen with
up to two mdependent (C1-Co) alkyl (Cl C6) al kyl sul f onyt am di no that
can 63 |nﬂ?epem96$ﬁsr95§albbt-¢haﬂeé’dc\8r@$i aliphatis grevrs@hersX @s5ard@ney| group, or

met hy gy @ﬂ&aﬁgﬁ@]%&&ﬁm@mgewd ol b .&m&wg@nﬁné}eme@amn adj acent

positlon e ar or heteroaryl ri n)% strycture, which gethyl enedi oxy

or etangmé"n&gasmym@bzﬁe pehetaipatom attasheda X). (R & 9K w'fwswé%derrﬁ ( Cl1- C6)
al kyls a WihGleRE Br etﬁmbm)leﬁé@négtbm i %bh@mﬂooi (Hw&e >ﬁ¥%aar¢dla2.a PRgoke conbi ned
to forma secon ebetweentvvo g 9 ing. (1)
(21 oo indfing etsroxtemytapit ). s ORtighe bhelo e BB AP SSLISST ! £ o o wi th
gne wti)qeltﬁam Rt‘ cfjrﬁ%e %Bstugk&w/sth (R)o ﬁu& hydiroxy( Bp to)m)@g(@’ll lCﬁ)éalkcadyldnnp tt)(\}\hl ?:h g an
e subs or W t.h one -.. i C
"G o epe s Crippespvant. wilSon in, e PegRERdp ARG e Wi i opB B e
i ngep@ndeﬁé ((?Gﬂ:smkywbkglwnf(t? prd¥fselhit-tBe hydrB)y, alBRy, alkanbyloky can be -
substi t ut 0 t WO | kyl 9
Ritpe PR ERs 6 8 Mol R ol AR SR EBRIR §) Y 1, (),
\(N?_Il ;:theeerhhealls,mbsalkyluewstﬁlmﬂtdwdsraf@lman hehlinkpd. tQ)fOtThIaé?tO(tl C6) ) al Ikil I or
L a or
_ \Aheré'l]erfn \X%d "wbﬁ’ ?.@r}nﬁda ea %gﬁq{)ﬁ%ﬁ.&& eﬁ’/g ?ﬂﬁ{%eég\ﬁ Bég%gﬁ% e bo%d
(2" " pondRahd thedemaing cartwniaf e et dioks RYtoaN isi satiratedond or ~ (C1- C2) al kyl ene; .
Coanel®) CheR oS RRbo 4 St ‘?"‘é"e"*“". B I et hi 0, or
e| t h&¥6 and(eibipr gich. @ﬂﬂ)"N@R@e)substltuted with the same substltuents deflned abO\Xa

for the aryl-or heteroaryl of R™, _
.'(5) R and R**are mdependently hydrogen :
(6) : Sis (CO)NR”R14 (CO)OR15 (CO)SR', (SOZ)NR"R18 (PO)(OR"’)(ORZ")

' (CRZZ)(ORza)(ORz“) CN or tetrazol-5-y1, wherein (a) R, R™, R™, R, R, R™ R" and
R? are independently. hydrogen (C1 -C8) alkyl which can incdlude a (C3-C8) cycloalkyl,
wherein the carbon linked to the oxygen of R' or the sulfur of R™ has no more than
seoondary branchmg and (C2:C6) hydroxyalkyl aminoalkyl where the alkyl is CZ to C6
and the ammo can be substituted with up to two independent (C1-C6)-alkyls, Ar-alkyl .
wherein the alkyl is C1 _—C_6 or Ar, (b) R is hydrogen or OR? and (c) R®, R* and R® are
{C1-C6) a'lkyi p'h'e.hyl "béniyl -acetyl or, where R22 is hydrogen, the alkyls of R23 and
R can be comblned to lnclude 1,3-dioxolane of 1,3-dioxane: L -

whereln the Ar groups of R, R14 R'S, R R", R", R, R®R?%, R23 or R can be
C substltuted with substltuents selected from the group consustmg of fluoro,
'-.=chloro bromo mtro . Cyano, hydroxy tnﬂuoromethy’l amldosulfonyl Wthh
. ' can have up to. two mdependent (C1-C8) N- alkyl substltutions (C1 -CG)
B alkyl (C2-06) alkenyl (C1 CES) alkylamine, dlalkylamlne wherem each
~alkyli 1s mdependentiy C1 to-C6, amino, (C1- CG) alkoxy, (C2—C7) alkanoyl
(C2-C7) alkanoyloxy tnﬂuoromethoxy hydroxycarbonyl {C2- C7) '
. alkyloxycarbonyl ammocarbonyl that can bé N- substututed wnth up to two
mdependent (C1 -C6) alkyl, (C1-C6) alkylsulfonyi amldlno that can



wherein R6 and R6* are hydrogen or (Cl-C6) al kyl, wherein "when X is
nitrogen Xis not bonded to another heteroatom -91- (3) R conprises: a
strai ght-chai ned (C2-C3) aliphatic group; where X is carbon,

=NO- (et hyl ene), wherein the unmatched double bond is linked to X; (where X
is carbon and R'b does not include a heteroatomattached to X), -OR8 or
-S-R8* wherein R8 or R8* is a ethylene or ethenylene and O or S is bonded
to X; (where X.is carbon and R 'b%Joes not include a heteroatom attached
to X), am noethyl ene where the amino is bonded to XX wherein R  can be
substituted with up to one hydrox to one 1 C6) al koxy or up to one
(C2-C7) al kano%tﬁﬂ{;‘teW'th@ th'@et(éé quéﬂﬂbﬁﬂ@ﬁ% vleogdiogjoral kyl, with up to
~ohe oxo, up. tch?l@ﬁ'ecﬂ&lymthémbkﬁ‘éﬂ§bom&dhoTabﬁc&ft(b\’)‘suﬁ@ns s t he hydr oxy,
al koxy, al kanoyl oxy or ° oxy substituents are not bonded to a carbon that is

bonded to a ni ?%@é}?twawmmct%éwwm&eaw?w Bethylangriogene
substituents oa‘;a,ﬂge mt.mdlw.nk@dtottﬁofme@bad&]t(@.@e) mbered non-aromati c

ring; and ere i itro Xis li ked i.ngle bond and
the’t er m WaRekER B aRd 5 lege PR Fiuragenean foma S Cmerthered s | <

hydr ogen, (C1- ﬁ&) careddfydin o agidigonal heterophﬁmyéledtkglfromy@amartdwe al kyl is C9
to C6 and elthe{ such phenyl can be substituted with the same substituents
defined above S{'6F the. aryl or. heteroaryl of R'', .(5 R4 and R4* are

[ hgg?ﬁlgdsfu kthe thyofaden; of@(ﬁ)edRSa'rh?t (c@(ﬁgehm‘lg&mmeve(nmﬁ) SRiZoph(e6d), 7 sI -
zo
er ein (@ﬁﬁé‘r%%&%%ma@& t’(ﬁ%@g @m??ggﬁe?% (gt{ggpenden{l y
 hydr ogen, tré@hg@@))reafehwg masttfhtyc@hfqrﬁ@hmfapf‘é@ﬂ@mue@eB@@ﬂkyﬁ) wher ei n
‘t he carbo %ﬁgo no nore
t han sec*cf)bndJe ra?n%\;ﬁ:ﬂﬁ%é)%ﬁg% BEB%LQ{? ga;% th Qierﬁ%lé%gg where the
al kyl is mpfetyewg nayRl chlbdeath froaanimg ﬂeg fr?rmaeraf%qeﬁeww t wo

i ndependegieddel (dyfor tRdalidgd &n r@ﬁérﬁlhb)ﬂoodm@r@ (10)ttbEerakithgi s C1- C6 .or Ar,
(b) R22 is hy dro en or 5p 4 and R25 are (Cl-C6) . al kyI

~ phenyl , b@ﬁmw s8N O'Cﬁ“)%E?%‘"R?preé’eﬂﬁf@r"é‘@féwg dsosdesskyl s of R23 and R

can be conbi ned to i ncl ude 1, 3-di oxol.ane or 1, 3-di oxane: wherein the Ar

groups of R1 1 R78, R19 4 can be _
substitut %ggwl gﬁ%@ﬁ‘?@‘ﬁ?’g‘g Mggféérhsqarsgﬁfzﬁgggt%ﬁ pr@&% R‘i?? g of fluoro,
chl othe;sphstixit’js ansbmatedwﬂarepﬂepﬁyydr oxy, trifluoronet hyI - am dosul f onyl
whi ch can have up to, two independent (Cl-C6) N-al kyl. substitutions,
- (C1-C6 . o _ S , :
( ) 27. Use accordlng' to claim 25, wherein spasticity is treated or prevented and

the spasticity is associated with stroke, h_e'ad tréum_a,- multiple sclerosis, spinal cord

injury or 'dystonia.

28. Use according te-claim 25 (1) for treating or preventing. schlzophrema 2y

for treating or preventlng dementla or (3) for treatmg or preventtng paln

_ 29. . Use atﬁco‘rding .to claim _25,'whefein' the neu'rddegenera"tive:diseaSe ié'
. Parkinson’s disease. '
- 30. Use according to daim 25, wherein the neurOdegeherétive dis'ease' is
Alzheimer's disease, muiti-infarct dementia, AIDS dementia, Huntington’ s d|sease

amyatrophic Iateral scler05|s or stroke or head trauma

31. . A method of -syntheti_z_'ing.a eompbuhd of claim _31"_or 2 comprising:



al kyl, (C2-C6) al kenyl, (C1-C6) al kylam ne, dial kyl am ne wherein each

al kyl is independently C1 to C6, am no, (Cl-C6) al koxy, (C2-C7) al kanoyl,
(C2-C7) al kanoyl oxy, trifluoromethoxy,, hydroxycarbonyl, (C2-C7)

al kyl gkydar bonyl , am nocar bonyl that can be N-substituted with up to two

i ndependent (Cl1-C6) al kyl, (Cl-C6) al kylsulfonyl, am dino that can -92-
substituted with up to three (Cl-C6) al kyl, or nethyl enedi oxy or

et hyl enedi oxy with the two oxygen83bonded to adjacent positions on the

aryl or heteroaryl ring structure, which nethyl enedi oxy or ethyl enedi oxy
can be substituted with up to two i ndependent (Cl-C6) al kyl; wherein R13
and R14 tGbé??fémg\ﬁ‘iqmﬂoﬁ@dﬁf?qeoﬁéhef?é{ﬂW'F‘Srf?ﬁ'&'a? to 7-menbered ring that
can contain. one additional heteroatom selected fromoxygen and sulfur;
for the manufacture of a medicanent for treating or preventing

schi zophrenia, (2) for treatl)ng or preventing denentia, (3) for treating
or preventing epilepsy, (4) for ;eating or preventing spasticity, (5) for
treating or preventing nuscle: spa% é. for treating or preventing pain,
(7) for preventing neural celR~ fter stroke, (8) for preventing
neural cell death in an ani mal qu ering froma neurodegenerative disease,
(9) for treating or preventing nnbd di sorders, (10) for enhancing nenory or
|l earning, or (11) for ‘treating orgpreventing Iearnlng di sorders. 26. Use
according to claiim25, wherein spastyaity is treated or prevented and the
spasticity is associated with epllepsy '27. Use according to claim 25,
wherein spasticity is treated or prevented and the spasticity i's

d with Kk ) s d
ooy or s ekl ié 85GeiefgR b iRun BHUA Blefip GliPh Bk BouRRRRL Ford

prevémtnutag schi zophrenica, (2) for treating or preventing denentia or (3.)
for treating or preventing pain. 29. Use according to claim25, wherein the
neur odegener ative di'sease is Parkinson's disease. 30.. Use according to
claim25, wherein the neurodgyenerative disease.is Al zhei mer' s di sease,
nultl-lnfarct denentia, AlIDS denentia, Huntington' sdlsease anyot r ophi c
Iateral sclerosis or stroke a. heag/LRéuna o

n

R" - B .R2
. Ri . 'Rfl
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, With a compound of the formula



31.. A nethod. of synthetizinga conpound of claim1 or 2 conprising: -93-
A) reacting a conpound of one of the following fornulas 1) R® z RX _, R
wherein.t_'As a nudeophilic substitution |eaving group, with a compound of
the formula 2) N i Ra R5 Ra. or B) reacting a conmpound of the formula
1) Ri R-_"R R3 H wth a conpound of the formula -94- 2) 2 RRS KR
wherein L2 is a nucleophilic substitution |eaving group. 32. A nethod of
synt hesi zi ng a conpound of claim.gsor 2 conprising: A) reductively

al kylating a conpound of the fornmula 1) H2N '

2)
12 '
e
R’ R
, wherein L? is a nucleophilic substitution leaving group.
32. A method of synthesizing a compound of claim 1 or 2 comprising:

A) reductively alkylating a compound of the formula

HxN

with a compound of the formula

2)

.Rx.

~1-

1 - :
: -R_‘_\C/Q |
- H

, where R'™ differs from R’ in that it I'a(:k‘s--ihe carbon that is part of the illustrated
-aldehyde carbonyl, OR B) reductively alkylating a compound of the formula



R& R5 R4A" wth a conpound of the fornmula 2) Rx t R ~C OH where

R .differs fromR in that it |acks the carbon that is part of the
illustrated aldehyde carbonyl, OR B) reductively al kylating a conpound of
the formula -95- I). Rx 2 RY<x R NH2 with a conpound of the formula 2)
R OR5 .33. A nethod of synthesizing a conpound of claim1 or 2 conprising
reductively alkylating: RANH2 with a conpound of the formula O R27 ] R3 N
.R Rc. R R wherein Rd and R apge i ndependently the same as defined .for
RX, and wherein R27 has the sane definition as R except that.it does not
include a nitrogen, oxygen or sulfur and does not include any doubl e bonds
conjugated with the above iI*ystrated carbonyl. 34. . A nethod of

synthesi zing a caonpound of claim1l or .2 conpr|5|ng

with a compound. of the formula

2)
_ RA
o TR
- 33. A method of synthe&zmg a compound of claim 1 or 2 compnsmg

reductlvely alkylatlng RINH, with a compound of the formula

R

. wherein Rd and R° are 1ndependently the same as defined for R¥, and wherein R27 has
the same defi mtlon as RY except thatit does not lnclude a nitrogen, oxygen or sulfur and

does not lnclude any double bonds conjugated with the above—dlustrated carbonyl

34. . Ameéthod of synthesizing a compound of _cla_irn-1 or 2 comprising

‘reacting ROH o R*SH with a compound of the formula .



reacting RFOH or RF*SH.with. a conpound. of the fornula -96- L5 R2%7 R3 N R4
Rr- "k . R Rto forman ether or a thioether, respectively, wherein R, Rf
and Rf* are independently the sanme as defined for R', wherein R27 has the
same definition as R except that it does not include a nitrogen, oxygen
or sulfur and does not include any double bonds at the atom bonded to the
above-illustrated L5-substituted carbon and wherein L5 is a nucleophilic
substitution | eaving group. 35. TMe nmethod of claim 34, further conprising
synt hesi zing the conpound of fornula L5 RR7 R3 RA R R5 R4. by

repl acing the hydroxyl of formula HOR? R3 NYR R Rs )<W wth another
nucl eophilic substitutigh | eavi ngzg(r)oup. R5. The nethod of claim 35,
conprising reacting a conp of a-97- HORR7T RBRNRM R R5 RA

R4
RC .

R® R

to form an ether or a thioether, respectively, wherein R°, R'and R™ are independently
the same as defined for R*, wherein R%" has the same definition as R' except that it does
not include a nitrogen, oxygen or sﬁ|fur and does not include any double bonds at the
atom bonded to the above-illustrated L’-substituted carbon and wherein Lisa

huéleophilic substitution leaving group.

35. The method of claim 34, further comprising synthesizing the compound

of forrr_lula

| z/
»

. by replacing thefhydrOXyI of formuia

RZ - _R3

HO, N

N e

with another nucleophilic subs.titution' Ieavihg-greup.

36. - The method of c;lai'rﬁ. 35, cbrﬁpriéing reacting a c_ompbun_'d of formula



Wi th a azodi carboxylate in the presence of a phosphine conpound. 37. A

nmet hod of synthesizing a conpound of claim1 or 2 conprising reacting ReM
with a conpound of the. formula 0 RR7 R3 R4 R5 R4* to forma conpound of
the formula HO'R27 R3 :NRe R4 :Rc R5 R4* Werein Re and R are

i ndependently the sane as defined for Rx, wherein Mis a nmetal - containing
substituent such that ReMis a organonetallic reagent, and wherein R27 has
the same definition as Rl except -Yhat it does not include a nitrogen,
oxygen or sulfur and does not include any doubl e bonds . conjugated with
the above illustrated .carbonyl. -98- 38. A method of synthesizing a
conpound of claim1 or 2 conpr|S| .{gnehy hating a conpound of the fornula

HO R28 R3 N Re R4 RC MRy ompound of the formula R28' R3
e~ RA R Rc R5 R4* wherein C Yas a bIe bond wi th an adjacent carbon,
and wherein Re and R are

RC
RS TR

with a azedicarboxylate in the presence of a phosphine compound.

37. A method of synthesizing a compound of claim 1 or 2 comprising reactmg

ReM with a compound of the formula

to form a compound of the formula

, whérein R and R® are indeperidently the same as defined for R¥, wherein M is a metal-
. oontalmng substltuent such that R°M is a organometalhc reagent and wherem R? has
. the same def nition as R’ except that it doés not lndude a nltrogen oxygen or sulfur and

does not mc;ly,de any double- bo_nds.conjugated.wlth the above-illustrated .c_arbonyl.



i ndependently the sanme as defined for Rx, and wherein R28 and. R28* have the
same definition as Rl except R28 and R28* do not include a nitrogen,
oxygen or sulfur. 39. A nethod of synthesizing a.conpound of claiml or 2
conprising reducing. a conpound of the formula T8 R R3 NRe/.l R4 Rc
Rs R4* wherein C* has a double bond with an adjacent carbon and..R.is--
i ndependently the sanme as defined for R. to forma conpound of the
formula -99- R28 R3 Re R RC R5 R-%herein Re is independently the sanme as
defined for R, and wherein R28 and R28* have the same definition as Rl
except that R28 and R28* do not include a nitro oxygen or sul fur.

38. A method of synthesizing a compound of claim or 2 comprising

dehydrating a compound of the formula
>‘/st

to form a compound of the formula

3

R28'
o \ /

A L

R> R

wherein C* has a double bond with an adjacent carbon, and wherein R® and R® a"r'e
independently the same as defined for R*, and wherein R and R**. have the same

| definition as R except R?*® and R** do not include a nitrogen, oxygen or sulfur

39. A method of synthesnzmg a compound of clalm tor 2 compnsmg

reducing a compound of the formula

: RJ

R

wherein C* has a double bond wnth an adjaoent carbon and. R®i is mdependently the

same as defined for R, to form a compound of the formula’



st\ ~ R?

- N
R® R
R¢ :
RS TR

wherein R® is independently the same as defined for R*, and wherein R* and R** have
the same definition as R' except that R? and R?* do not include a nitrogen, oxygen or

sulfur.



