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PCTI US99115965 COVPOUNDS, COWPOSI TI ONS, AND METHODS FOR STI MULATI NG
NEURONAL GROWMH AND ELONGATI ON CROSS- REFERENCE TO RELATED APPLI CATI ON 5
This application is rel SuNb i i . 60/ 093999,
filed July 17, 1998, i naf:ﬁg'ﬂtlane %fccmlig??ﬁﬁe A%WQEW%LD AND
| NDUSTRI AL APPLI CABI LI $YIMELAIENG NWWAG@ROWTIDANB@WDN nvention
rel ates to nethods and pharmaceuti cal conmpounds and conpositions for
“stimlating neurite outgrowth in nerve ceI I s Ieadl ng to nerve - -
regeneration. Mre parti cGROSSREFER CERELATEDOMPMICAEIGNd Mpounds t hat
“inhibit the( eptidy a
associ at ed W|t t he Fkbg(%gg’%hn %9@5%?3%6% npr() %R@E??A‘pﬁﬁém &)zdgyg%%/‘rpr i se
treating nerve cefilb&lul t7h 1238k taimgEK4Bh e¢ahpri si ng t he
rotamase-inhibiting conpound. The nethods of the invention can be " -
used to pronote repair of neur onal damage caused by di sease or phyS| cal
trauma. BACKGROUND COEECHINIIONYE ) TRDAIN 4 RC AR s
> sol ubl e proteins that serve as receptor [ 20 |rrportant
s..J mmunosuppressant drugs such as cycl osmK 506 and rapanycin. ' An
i funophi [in o6 parti auk @fesmnﬁxeureﬂsbh related tdemdtifodd QRd PhaRtlica@ic rcohpiunds &dBP) .
#=For*a ' - review of the . rol nophilins in the nervous $Y ystem see -
Sol onon et al ., -<mPOSfigRt, (5psﬁ‘f‘\“rnu BS ZRYMT 1R dlysheny steliiioadiRgt 't r e Yo d. |
(1), 32-37 (1995ﬂegenera-ﬂ$1€ M&-elphﬂnaﬁhlyt 0e cdﬂﬁo’éﬁ&s%ﬂﬁhd@gor@oﬁﬁcﬁltﬁh inbigkk2,
- binds FK-506 with hg)g - - -; 25 affi Such ndi ng. has be%n directly
. measured using mi RPEAPEHY SPPS2E P HIRIFIoFIEHES SEHVEK-2spgiated vith the FK-506
-[ " H di hydr o- FK- 50@n&1§§ﬁo§irﬁIFK%’Pb<aﬂﬁ'&ne&Jods cobipliser thatu%‘h%wc £em3 Rrith E&r%%%mnsand
"U.S Patent No. 5,696,135 to Steiner_et al.) and 32-(1-'4(C]-benzoyl - FK506
.(see Handing f afomPriRag fherotaguse: mblsnwmoggia)l)‘he ethnds pigtha v engpR gandte ot her
. ' conpounds for c RS ad 8 RLBLAQ try or
.from 30 conpetiti S/iggﬁﬁgx?ﬂgb%ssays usi ngngetcﬁgéd%rﬁ%ﬁg?g‘gggg M%bel | ed
“FK-506, as described | *@00002* *166166* '~ 1 JAN 2003 WO 001 04020
--PCTNS99/ 159G5 by Si eki erka et m&wﬂlﬁﬂh@o& bi ndi ng protein
""FKBP12 partl cipates in a variety o 1gnifi1cant cefturar functions. FKBP 12
“Catal yzes cis-traps i Sownmnpphalinsone offamidyof @gliblo pokejis thitrikarg @s recapiprs for
.peptidyl-prol i ! ref I t mase
eti vi Ty, 5 shon SRGANRRRGEReRE el toch s Bl G FiGRS R ARkt TR
* {see Fischer et alAnimBuoerhilim &ipepilyler. infarestas WJFK 06 t(nﬂcﬁ)r&ZIgrqtelEl(EIéBfér Fegta aI Cy

~~Bi oned. Bi ochi 1 h |
dre-a7s (1080)). O foperbhipl Wb B0n he GGl s RARE LR o1

al. report FKBP bi‘iriungptfidsiand theebnmha%ysmem dVawé Mell, at(epl32A37t(I’n995)

er_arrase i nhi biting acti VI ties for_I .conmpounds ounds
fhat. bi nd FKBP conpet i 'kﬂo ]ttcﬁ1 Fﬁﬁggybl?ﬁ%‘fr&tf@ %’6‘378‘? ‘%c%gﬁ(?oﬁeu{r%ﬂf‘

'( axans) in nerfe affinltg (Sl.&:h Hulnd:‘mg Pat dedn Bioectip  nedured3 fsidg0 mrahiofmetat aﬁ‘l

Lyons et al. (Proc. C 5 (i9 r at ed
that FK-506 acts {B© ﬁlg‘ﬁEéSg’g %ﬁf@ﬂf’i quF%ﬁ%mz ét‘?ﬁc’é‘é égsg’%‘f'e’ﬁ \?g%grovwh
factor (NGF) in st7(9e®)t adigU.Bepdtdnt Ho@,ﬂ%nemmtdlmam@indpb@nbm&ﬁn@wma
cell line. The 15 pechanj sm of stemj % such neurite %%O}Mqﬁ
appears to be 10- %% CEBAIFYPE ehah-Mtt75t P 73? 60 KE2Dt i BiRdipg at gt h
factior. Potency fQé hJuRdDEdr PRBPf cah e wﬁmylm@&g ¥} nlisodiREiasey of Giaaiase)

" enzynme-activit KBP b FK- 506, and thgoun s that conpetitivel

i nhi‘bit FK-50 b| ﬁ‘éfpﬁ’fg‘“‘(‘b pNBPaSSéwWﬁeéw f o [‘Gtlebslisdi F500c 25 deperip
stinmulation of neurite 20 outgrowth. Because of the close correlation

bet ween rotamase inhibition and neurotrophic action, it has been proposed
that the rotamase may convert a protein subgtrate into a formthat pronotes

neural gromh (see U. S. Patent No. 5,696,135). For exanple, | .

found that FKBP 12 forns bound conplexes with the intracell u|mmm"mm”mon
channel s-th i receptor (RyR) and the inositol 1,4,5 25 R

) t-ri‘phosphat@ﬂﬂl Nﬂmﬂn@ul P3R) (Jayaranman et al., (lI. Biol. Chem, SRP?
9474-9477 ( ) on et al Proc. Natl. Acad. Sci, USA, 92) 1784-1788
(1995)), hel pi ndsstse* st abi | i ze cal ciumrel ease. Far both the RyR and the

| P3,R3 it has been denpbnstrated that FK-506 and rapanycin are capabl e of

di ssociating FKBP 12 fromthese receptors. In both cases, the "stripping"

off of FKBP 12 | eads to increased | eakiness of the cal cium 30 channels and

| ower intracellular calciumconcentrations. It has been suggested that
ya-.a . o.,, . - S . V\DOOIO4020 Ql?JAN2003
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In addition, FK-S06--FKBP bound conpl exes bind to and inhibit cal cineurin,

a cytopl asm ¢ phosphat ase. The phosphat ase activity of ca'#chngﬁ{quq]%
.necessary for dgphosghoryl ation and subsequent translocatTon rnto e

nucl eus of nucl &%t or of 5 activated T-cells (Iv-F-AT) {SEE¥8agan et
al.; Nature, 352, 803-807 ( 1991 )}. NF-AT is a transcription factor that
initiates interleukin-2 gene activation, which in turn nediates T-cell
proliferation; tHyseckiriapsalgrdlafdnsetalant to the activation of an inmune

| mvinosuppr essant act Tt oy ol Bi Y PR bl TRt ol 6 B eur
i nhi bi tion, howeVienctiofo EEBR caibyzesafisataps inprhdrizttion of beprdligirolginlinihges, This
ot amse but not EPTaERSLEEr BB BRI Rl oty RURRE Mgt et e

of
rotamase but not Str M Cor 8 cal Yt hey
shoul d be neur®t rophiactivitytis nediy nssayRo Dy PHRES ki®vn BUEGHE Jre@éoFiseighiec alggent s

br omot 1 g neur onal YN Tnde" ey ALr SbFehl < i Plspsd et dgirga 1o
situations where qet#)cmalFisciepai 41, Namr 837 f 4761473 (188D, UiSGhisting. Reyd, pher al
| Resooiated with stroREOPEHE Ampen e ERaa AN WAt PO SR A TS AR o
“rel ated to neur odeigeneintd-akibitihgatividestor diay kbmsandss di sease, Atzheirner's
+dissease, and ?@wotroph' c_lateral sc%sferosi,s F(lf\é's)' 20 Further, such use is
“pfefierably without t hé Ko Gef Apeps fa DI PR ER ramme sl Wi FKRY sumhlte

| ong-term use of mgmmwammg&eﬁss_id RrRIRGANEY plhehiNG D6aBS F§EingUCh as™_
~.kirdney toxicity, neurol ogical h

eficits, and vascul ar hypertension. Various

. inhibitors of rot#fhselms yhil deea Vet yicad8BpUSH i AL 1cnii By demagptrated

‘i rmunonodul ai ng CERPHHRES . @ & KIANME -or D5 Entiale- : -

192, 773, 2S S, 330,993, b, 5 16, 797, 5 glgtf“%%ot?e §f,f%ti‘%“§§$‘%fq%%v§%%t9§?’m

5, 654, 332, 5, 66S, NGF) in sgnglatige mearite phigroytly i) 2 a5 GheoSrematysand palielingat Thenai
Publ i cation : ; ~ / e | I eAM_ t he
variety of d:\ggr \d/\gf‘g‘%%?) Qrgr%? g%ﬁflekg‘?égu%?%g%l mu g?pé%é%%gﬁrlpf \éd gqjﬁtg;dovw h
and t he rel ati vel yot¢rtinfiquef ErtactiorRBPnet2-gnivwikifantgr.conpounds t hat are known 30

othmse 3 017 3N 205N OB BRR" BeheRERbntBbeR N RABnel T s ©

Such conpounds wi hdtiviie sf FRBP py F&vHo6piidiycampamds caecongatitiyetyojndibiti RS 506

suitable for use in.phar tical preparations, e.9., biLogvailability,
hal f life, and ef ’i“‘éﬁB ﬁ el very t o F‘ﬁ'ee[ageét‘f‘g‘e“é’i"t‘g.ﬁﬁ ﬁ‘"{}‘ﬁ%\wno?‘bf‘%“é'w
desired properbi esyigewil | Beganiof tholckedllcoseldibg RERER oMY ehifitidil ands.
Furt hernore) such conpounds.wi Ll 5 desirably |ack significant :
i NT NUNOSUpPr essi vge“é(g{%?’@f FGHONSINIERRRFD GEOPPRSE (hNRNTIARST 2y LORYFE BPYIY an
obj ect of the inveuwktainioQ fPinOMatPeonTIER hburdIBloR@Is&: TS UF0dnt NPIH,6963g8NFe:  An
..additional object is LF?' %ctLi[gev% ro#lan%ﬁe- bi ndi_ ng conpounds_ t hat are§: nonlO
i mmunosuppr essi ve g8 & 13 feer ound thij FRRE} Gppshopmdsompirges Wit iRceIplar
wpravi de ef f ecti ve cjéiae e 5ne Shahdls-SHot Haphiat NGceplef NRGRIPLUNGS aosivd! 1,435
“usefwul internediates therefor. Another object of the inventionis to
provi de met hods f HiPhpsphals 1eRptqs AP {{agarpmarshal. /- Biaki Fbems g6 aP4THr4dhel 989
di sorders as a reg\hboRttal OPro@ NeACHAL &, Wk o, P?@E‘ﬁ"ysts:é‘??bﬁ))t, K@éi?g B%aﬁ!ﬂi%e (but
el | s pals

are not limted to) neural gias, muscul ar dystrophy, p Y,

myast heni a gravi s calPunEslepss Fos beth e RyR andihe FRaR ribhas beapidsmarsiratediiat Fis15@6
sclerosis, ALS, ShiPlaifith b aeleor ASSATHAFRAPY FHnShERKEeanBRUT Bl both

par apat hy, other neural degenerative di seases, notor neuron Hlseases, and
nerve injuries inehseslitng "spnpingl offopidFEKBR 1drlkadls .to Suerdasedblieakdness hfithe dadoavm -
achi eved by t r - bi_ndi t th resent .in t] i.ch may
e used to st ipul SpAER EiioRe) ARBRRR Gt R REGRE Tk e Y o el et

admini stration of these agents to individuals requiring therapeutic

stinul ation of neuronal growh and regeneration provides effective

t herapi es in various pathol ogi cal situation& where.neuronal - repais -ecan be
facilitated, including peripheral nerve damage caused by injury or disease
such as di abetes, brain damage associated with stroke, and for the
treatment of neurol ogical disorders related to neurodegeneration, including
" 25 Parkinson's disease, Alzheiner's disease, and amyotrophic |ateral
sclerosis. In one general enbodi nent, the rotamase-binding agents of the

i nvention include conpounds of the general structural forrmula (1-a): 4 WO
00104020 OR OONX Il Y (I_a) ~ 7 JaN 2003 PCT/ US99/ 15965 wherein: R is
sel ected from hydrogen, substituted, and unsubstituted al kyl, al kenyl,

aryl, C C$ cycloal kyl, and CS-C, cycl oal kenyl groups, and 5
CR)(R'"-)(R'), the alkyl and al kenyl groups being optionally substituted



Y is selected from hydrogen, al kyl) al kenyl, and cycl oal kyl, the al kyl ,

al kenyl, and cycl oal kyl groups being opti onal |y substi tui (? | g nor e
20 positions with substituents selected from substituted and unsubstituted
al kyl, aryl, alWeR804Mydroxyal kyl, aryl oxy) al kenyl oxy, hy®E&R§/1EEHOP

O Wz, and (CHZ)P—N-V\Z, where pis 0, 1, or 2, and W is R or C(OR, where
- R is alkyl, alkenyl, or aryl optionally substituted with alkyl, aryl, or

al koxy; or X and cacinmklin map peaskreiatedivith stirvgativn tof msgere ob%t'cﬁ\l’tmat om of the ring

25 structure to whic sho rma 5- to
7menber ed sat ur at ed glrn \g&(l#g% gggﬁiﬁ% Pgbe’%a(,:m e&‘esﬁ“ﬁjgl S‘b‘{’i“{}ﬁg%ﬁﬁ}mugﬂtaal ni ng
one 5 QL7 JAN zmgasm @ﬁdsmz@ the-piB@ﬂHa(alseS&%ibB%Eahﬂﬁkﬂhhnonalessblgttef oat om
i.e.) one heter dd|t|on to the depicted nitro e a of the rin
gtruc%ur e) sel ec?’g Pri g SRPSequgy tenslpe P‘?“ Wé"n%%r“%‘&e é’t‘nﬂ?‘cetae {S’F oF )
unsat ur at ed het eraotwtcﬂ n“e:eﬂs (NG - Ablt—)l(sagﬂamtcmoaal I Nans e 33t | $0st@nd (VHot ). DR TOr rmre
&S oyol oal kyl  BritesehBE st a0 Bioal o g et HPE (e Tob o
_substituents i ndemmcéemdeypﬁwefeanbredmeﬁerm Gre-lﬁporfaMtCtb@ﬁJ AN Vatiof B AAQ¥Yhune
met hoxyphenyl , or_di net 3}%@%‘ or and K taken together form a phenyl
~ring optionally JEB¥PFt eW"t IE’JIH%D B?IV%H%C%B%N‘% JMERRSERAEFSFY om - ;
. met hoxy, trifl uoraemefyyFK-506 addlreifEddsribbany, and suitable substituents
iked to 10 the hen%;?jnrl ng t hr ough oxygen, nitrogen, carbon, or
fur. _ In 4n al ter H&EP RhRHop, h@WB"Gqu?EﬁPOt qorrelaeriyidh fheosimuiation & ct ed
-. to.conpounds of fn@ﬁrifb'b@m(obvﬂb)'l‘he@fqte _coﬂpound:{\lthg%g ote R}lnblto’rs of rStambde-tdit -

-~ wherein: 15 R is selected. fromh drogen substi tut eé unsubsti t ut ed
-al kyl, al kenyl, a{mfﬁon%:mhéﬂowér'%mm pregiggiredsing thevywoelémeeﬁwtr@hm, and
C( R’ )(R‘ ) (R ) t,{ggnglln{gﬂgsu@%,@ kenyl groups being optionally substituted
with C -CA al k C2 C, alkenyl, C4 C6 cycloal kenyl, or hydroxy) the aryl
group - being optl onaP¥dp nsupEIphic AEes Wﬂblm@ldogem augyenting|HeuritNORETORE,
phenoxy, am noy o en i SbHhotnnt enaf SN I 1eittof 1l SHAL RinoBREEY O
"bei ng obtl onal | y sttudtiong whnr@ubuwnalhep@rc@ btaﬂamyﬂated Gﬁch@,m@ehphmydl ,ner@¢ dffnage
o R ad R ogSne e ileyt RSl SRk RRROSE gt A s
cycloal kyl, and Ftoetligerqagleht omurdlagwelr dladr&qnt reladds argehgodegen(rﬁldﬁ) mc@dmg
\glgﬂgn& :fl gubgtl%ﬂ“%ranédfs dne 5}m°tr\‘7’\6hsne ’hodf“gf’%(t%iscl;lgt.ﬂcal g:dler“%l?k%)'mos -
W00104020 PCX USQ@thdrS%E ube isgpneferably svitboue dehastoaidep e ekt R liymsmdsegpkaasod,r om
hyasoaen. cvano. gics gl ke b RBIRALIEL Y 20l BUISER it e X
ring carbon atomkidrey aﬁlaub,lreurblogdal @eficity, and vaddulakBypefiersi@h; Or X and X=
. t-ogether forma val en bong;.Sand ..Y is sel ected from hydrogen, alkyl,
__aI kenyl, and cycl oal k rioys foli tf’ffﬁ rﬁ%ﬁwmﬁﬁﬁ‘vﬁyfmrqug@&?ﬁ%“dﬁ’éi
1zf,ijonalbl y SubstI1Hﬂuﬁ&nbdﬁ€)ﬂﬂ§c@ﬁpoﬁﬂfsl€hﬁ@fiﬁdwn0n§ee% h(ﬁSJtI&Ee'nE Nesntﬂgaebﬁct ed
yin subst it ut nsubsti t ut al kyl , aryl
aryloxy, alke |o§5}%9ﬁ§fdr5&>l§ﬂ97( B0wS:9l4afl. 56229% 1?3% 4, where

pis 0, |, or 2, sy 192 ah&slii‘zl m S4NBAnte ARG FRblidaBorAlibeY W@béﬁﬂwb ywor aryl

optionally substltuted W t aryl, or al koxy; orone of X and X2 in
conbi nation with %/iogk%an%@eﬁﬁ ﬁ%‘iow th thenitrogen heteroatomof the ring
structure to which Y ig,eRnpefe! et §hﬁ’i¥mdérmh9{1ﬁw & t('éatea)bl' shibilidk l@unfeo
7-menmbered saturated or unsaturated heterocyclic~ . 1 ~fing optionally
contai ni ng one adeftgrPwhdand Hetrepiyalydew pptew F ebindng compawnls theided kiowm t o
“theidepi cted tr t N, the
(e depi e 519504 Ahab B Tl L HELLEL RS LRTIERRRLN (e
substituted wth one or nore substituents selected fromJ, K and L whi ch
are i ndependently oxyger, C*CS cycloal kyl, or C, -CS aIkyI

opt i onal | y20suhsiitut.ed-wi-t R--ene-or- two subfstituents independently sel ected
from C, - CScycl oal kyl , met hoxy, methoxyphenyl, or dinethoxyphenyl, or J and
K takentogether forma phenyl ring optionally substituted with one or nore'
, Substituents selected fromnethoxy, trifluorornmethyl) trifl uoronethoxy,
andsui tabl e substituents |inked to the phenyl ring through oxygen,

ni trogen, 25carbon) or sulfur.'The rotamase-inhibiting agents of the
invention also include pharnmaceutical |l yacceptabl e derivatives of such
conpounds of the fornmula (lI-a) or (I-b).The invention further relates to
nmet hods of treating neurological trauna ordisorders as a result of, or
associ ated with, conditions including neuralgias, nuscular30dystrophy,
Bel | ' s pal sy, nyasthenla gravis, Parklnson s dlsease Alzhelner S dlsease
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2002S 30 ., _ ~._, vr,F ..., i,y ~~ ? ~aN Q03 According
to anot her aspect of the present invention there is proviﬂe 5A:N d of
formula: O_ R n ~N OONX I Y wherein: Rl is: hydrogeh;, an aryl group

“unsubstituted owewhakituted with one or nore substituents potepemdent|y

selected fromthe group consisting of hal ogen, hydroxyl, NO, CE3, C-Ca -
al kyl, C,-C6 al kenyl, C, -C4 al kyl oxy, C,-C4 al kenyl oxy) benzyl oxy, phenoxy,

‘am no, and phenyl bindiy abrtydun@l Shdkeddyipo@de Wall URSHAS tHald bRdicAr and WashicAIUt ed

with one or nore substituents independently selected fromthe grou

" consisting of C) Prepfriigssyitabledor wseoinpbagraceuioal prepargtions 4 dechigavailagifiey. E%‘r oxXYy;

..alkyl, alkenyl, begnzyl Y G Lo
~W4+h one or nore g% s'tlis‘llst)t%deérfltl):{o(sil li%&fgpendenﬁgy s%ﬁec

“consisting of :10al kyrhunosupptessivel dgenty ; It ksyadifugher abjevtl of tha riyvention; to atokida yifaasive;

adamantyl, C=-Cg EpCinaakcidnt @MivES tEhe GYElaRE KENYkw OF A Re1BS PRSIH:d Uedl or
substituted with one or nore substituents independently selected fromthe

group consi sting YIS MElECHPNEP praferedpvay Reteys, Farthegrorg) fugh oxynouedsavil
hydroxy: or CR31) (R A& iR nBRlsufiSs R Ziae. each | ndependent |y | ower
al kyl) or R11 and R12 together with the atomto which they are bound form
cycloal kyl, and R13 is H OH lower alkyl, aryl, or (CH2)"-O W, where nis

0, I, 2) or 3) and W~ is R or%@muwc -C 3 al kyl
unsubstituted or substituted with one or two methoxy groups; X is hydrogen,
cyano, C, -C al kyl oxy) ltfis therdfuk nedstof thoinveaton @mpebvide psalhmdicodpansuroironiis

Yis 195050 Yo} &zgg,{géggg r%gnrﬁ%@ﬁagwga? gagtﬁ%.ed

“or 2 hna aa o pooRaE R Qb el o o uokhl ek Bty

-hydroxyl) NO2, CFA C -Co6 al

al kyl, or al kenyl Agétberpobjash sfithstinteati@disad mBeitdet méthide dorvdrdating® peties havige

substituents indepengently selected.froth th roup consisting .of aryl,

al kyl, and al koxy?‘e“é %ﬁ“ﬁa&]{fﬁ)‘rﬁa OCH B iy 2 r&ﬂ’i‘ ‘%(:?42%2?99‘& e Lt—‘,mW%ﬁ'e p'

is 0, 1,or 2, andindRdé Sb@narl Kl limiéd Xo)anehraldiad, GARESMLT dytrbihy] BelI'€ agddyn ri ng
atom and nitrqgen heteroatomto which they are respectively bonded) forma
5- to 7- rrenbe?lgd Ty RSy Eﬂh‘é‘é‘f“&dﬁe&ﬁ’ﬁ SPFSAserE PREE sAEIRs Y tut ed

or substituted W bkokoBRl 9EhehiB 50518 tlith Y@SMeSnelral fhrap@RF olber MR @glneraive and L
represent substituents independently selected fromthe group consisting of

ox0- , G- CS cycHs&rRymoRRePUEsT disetsss, apdaprvegpstgsdnclyding saipg! cRr Edrtiss
substituted with one OfucHBhEctShRS bidnaBIRbved b ARRERARALINinS SR LEMe hregiit t he
group consisting of C3-CS cycl oal kyl) net hoxyzl met hoxyphenyl, and

di met hoxypheny! ; &vesiieer whigh may bR utcdde sheplatr shagrawth ah ydgenaign ahray9eS-i t ut ed
or substitutedow trf. QifinRirat¥RIeE M wmh§iduag§eqa99§&£4ayeuﬁ9Lt-mmn brom
the group consisting of nmethoxy, tritfluoronmethyl) "triTiuoronethoxy, and
substituents | i nka&errens! groféh adapgenerpfioncprevides Efertivaiherenics iniverayg éxtholegigabon or

sul fur and i ndepengieRtwyiee r%ﬁo?gééqa%a%g Pﬁgﬁiﬁi-%%éﬁ@@&g?éﬁ?%ﬁ%@@%ﬁ@,

al kenyl oxy, benzykagsd bypinmmostydiseansisieh, as dradetesh braipl damage agsopiniad wile soke.cnd | y

Z:actept abl e deri vatgd vie. Wk gh i S &u&ﬁ%%ggjso Sggpagtgﬁgg,gxg&imgg%&%@ﬁ} I ding

“fistabol ite, a pharnaceutically acce

abl e such eSter,
or hydrate of Xai Rakimspoudiskasepdtzbeidierigdiseasd, end dagotropkio étdralatlepdie present
invention, there is provided . , ~ ¢C upd o hat maceuti cal.l y accept abl e
deti vative according t]g' e e e’\f\‘/ﬁ%‘ﬁ%?%’ %e P eg’f"qaﬁﬁsﬁﬁgtfio{ u eegv%n‘r:ﬁgn
substituted w th Giviudecompruadsifiistgetasdstractirsideprndedi |y sel ected fromthe
group consi sting of hal ogen, hydroxyl, NO2) CF,, C C6 al kyl, C2-C6 al kenyl,
C -C, al ky(oxy) C2~C4, al kenyl oxy, benzyl oxy, phenoxy) am no, and phenyl.
8b ~~ 7 ,~ pal 2003 According to again another aspect of the present
invention, there is provided - conpound or pharnmaceutically acceptable
derivative according to claiml1l, Wierein R is selected fromthe group
consi sting of adamantyl, naphthyl indolyl) furyl, thienyl, pyridyl, and
phen;yl , the phenyl having fromone to three

' e L s ar A 4

"



substituents independently selected fromthe group consisting of hatogen)
hydr oxyl, NO=, CF,) C,-CS alkyl, C -C6 alkenyl, C -C al ky11 y ﬁ

al kenyl oxy, benzyl oxy, phenoxy) am no, and phenyl. Accordi ?(IJ:A%Z Qﬁot her
aspect of the pmwegemtszd nvention, (here is provided a conpourcknsed/sedsed from
the group claimed in claim 14 or a pharnmaceutical derivative thereof which

"is a prodrug, a pharmaceutically active netabolite, a pharmaceutically
acceptabl e salt, ester, salt of ester or hydrate of said conpound.

According to still another aspect of the es¢int gnvention, there is
provi ded a conmpound fromthe group consiistin conpound sel ected fromthe
group consisting of: OCH3 OCH - ~ OO/ I1NOONOONOPt~ O

O0OO~; and ~'' oeH, O -, oci i, NO Q@ N-Q or®a pharmaceutical ly
acceptabl e derivative thereof which i ®7a W0dryg, a pharnaceutically active
nmet abolite, a pharnmaceutically acceptable lsalt, ester, salt of such ester,
or hydrate of said conpound. 8c i ~ 7 JA N 2003 K(Ra)addition, the

i nvention rel at esyffeid:he use of a therapeutically effective anount of a
conmpound as defined above for the manufacture of a medi canent for treating
a neurol ogi cal disorder i Raispeiscisntiiose hydregsd. fubsimted end rusudsttens ialiyl, ng of
Par ki nson' s di sease, 4 i ‘o @dH s ang .anyotrophic | at eral
sclerosis. 20 ~ O her fkgﬁgf’urw;s’ %Jgjxegﬁg)?lkghd&gd\%ﬁf ac é:[s})a%?ny?h%&%’ﬁ\/eaﬂ?i on

. 0oD)
il |, become apparent CERNRDRDohs dwl eyl dlenpli sregs beimenapitipgallp substtuth@ith

-i"fiventi on. DETAI LED SR P @GN = I S _FKBP- | NHI Bl TI NG
AGENTS OF THE | WEMPES&QR%‘%%SSCQE[%?E’&E?@% 5’%9?0% Né“’f‘%ﬁﬁ% HaFE™ he

"~ defined nmeani ngs, unl ésisg pmidhaliytsebbtinted evithihglegen Tiy@rdx el WO, @lFk YJ,-C, slednG,- a
-branched or straight- 1 14 raf fini.c , hydrocarbon group
(saturated aliphatic g@;g%(%@g%\g‘%g&%}é%f? tag(e 36°x(¥al?°6‘}éﬂ°’3't %ﬁ'ﬂ?"ymﬁ?‘&ﬁ Fay be

?enerial |y r1 gpresent debgnfyt, el ;ﬁg@mhhﬁ@?—@kbﬂkmﬁgﬁ@aIsfi';@o;ﬂiandll@'fsﬁgﬁtme@f 30
roml| to 10. anpl es . e nethyl, ethyl) n-propyi, -

i sopropyl, n- dti(yl . 8d if cﬁ& quﬁ”%ﬁge%rzgé:(ﬁ%lfﬁy»m hydroxy, and X' nd R

PCTI1 US99/ 15965i sobut y leachtindapdngéntlypeint Yower SR s BY and R¥QAPSMeY With ReaRANb Y|
and hexyl and the si Ieﬁl gl%ha%c iiorrers thereof. The term "l ower al kyl"
o ronpng

desi gnates an al kyl y Bng Heprlig.org R’ being H, OIE lovess alkyl,
al kyl). The term "al keayf, or (GHRNO-V' prigrahied, 08, Bl W g oc8@)Rehdotad £0i C
hydr ocar bon. 5group (g:nslgt urated al Eﬁgat ic group having one or nore double
" bonds) containing 2 t&: 16V CRIYBHYSUbEEEL Vit gre T RormAtioxy grekRsile et henyl
1-propenyl, 2ipropenyl, 1-RudRR¥led fdm!BYaSEN! oyakos REL BRNbxy, ZREbRMAL, T OUS
i soneric pentenyls and hexenyls (i ncluding both- = 7*"¢is and traps
i somers). The term " al RBkSYETeRhere WEemKisexyesphtie £-X bordy(|.¢. thebaad censkitingd
-above. "Lower~- - . 1Gabki@nhs chBbEitSm)ifs MkRpYnHLAUPS containing an al kyl
noiety of 1 to 4 carbon atons. The term "al kenyT(’)xy" means - O al kenyl, where
"al kenyl " is as defined abdveselsisd fomnhydees. alkgtealkenyh and risboplil theatkyl,
polycyclic aromatic ri ingt - : h ,
_thienyl, pvrrolyl, pyra fkg?mngy‘sr&fﬁ{llg}glg?&%% glg%Ioeth?lgly)Jnfu&%gt%"é/p?/lnheygrr;@{ljﬁyl ,
“ triazinyl, ox#iazol yposifens gtithgsubstitusnty |seledtedofidiny bybstifutied @hd mysithstituted alkyl,
" ~benzof uranyl ) benzot hj I ' p nd the i e

i ndi cated, sucharyl m%%gy’n}gffwggﬁ%g’t ;l}%lgg{?lxﬁ)li&?ﬁ%?’t h}bﬁ(fxgd@m{’)fﬁ]@?ieangr nor e
substituents, for exaf@Hg,M-Walbgeni{F,], @2) ald WHis R’ of O@@R’, shéry R’ is-alsl, - NO2,

-CN -C02H, -O 1 ower al e e Q- ar -l ower al kyl, -CQOZCH, ,

- CONHz, - OCHZCONH2, - %”1’-"%5‘5% I\ﬁi?i“m%glﬁ“i{‘&?j’—‘% X‘i%‘xﬁﬂ’vf%fﬁ@“f’ﬁ@*l i ke. Aryl
noi eties may al so be substXtastle¥ tokent tpRs witt thé waRigsn heehtog f faeidage, for
exanple -0 ( )2 O, where z is .integer of froml to - -The term
"aryl -1 ower afkyl" neéﬁ%‘:%ée ItooWé’rChy]ffyﬁmTeg@ W?léﬁf%%és'%l&’d?ﬁ ?‘u‘f’e7d. with
an aryl..-The term " amentuyd sov@ans or saiirted hati&yBlic ridedptiorally tiekd ded
above. 2~The term "cycl oal kyl " nmeans a nonocyclic or polycyclic carbocyclic
ringstructure, where each ring has fromfive to seven carbon atons and is
sat ur at ed. Exanpl es of cycl oal kyl s include cycl opropyl, cyclobutyl, ........
cycl opentyl) cycl ohexyl, cycl oheptyl, and adamantyl. Where indicated, a

cycl oal kyl may be substituted wi thone or mare suitable substituents, for
exanpl e, hal ogen, alkyl, -OR or -SR where R is30alkyl or aryl. 9 i WO
001 04020'




~17 JAN 2003 PCT/ US9911596~ The tenp "cycl oal kenyl " neans a nonocyclic or
pol ycyclic carbocyclic ring structure, where each ring hasﬁJ AN/?UE@
seven carbon atons and at least one ring is partially unsaturat s at
| east one doubl e YOWA420The term "het erocycle” (or the root "heresI159%n
reference to a ring structure) .S means a ring structure containing one or
_nore heteroatons (non-carbon ring atons) selected fromO N, and S. Thus,

the term "heterocycl oakddjtichalietarstom (i:cycdr@anhtkmhtoxinmn ¥daitRR tathe |dé)ﬁa&d @86geni NQ
carbon atomis replaceg, ll%y h@elt er ﬁ_uctmr%)r ﬁe e%t ed ér om O N a

Rot amase- i nhi bi ti ng conpounds: of VEREFS o @ and g e‘%“éﬁf é%l 769“’%@?5“' -
10 formula (I1-a) and (kanh)tedjmfunmdatabm@ocyarc&fngrbaquf ¥ptiohd1B substituted with one

rot anase-i nhi biting cor‘rpounds r ot arrasep,(hpeptr dy] - pr.o(

i somerase) enzyne acti Vi {y" ?“bﬁkﬁs ?e ecﬁé ‘%ﬁ“bﬂrl %r andefepprhich arg indgprprdent n to

conpounds of the for rrub:e.vg(zd G, ayetbaldk 5)Q,-€, alk@t cHHBSMy isiifieli Wil 0aQENis Of
the invention include gll’bar maceutécal l‘ﬁ cceFt abl e derivatives of such
i csglept

conpounds, such as prodtGae Sy HATRER A alkem v Es-Fet a¥sialkyb s methgxyng
phar maceuti cal | y accepinathbgypheiyt, or dhfneﬁx@k}*bﬁér@ﬁ of hﬁ{d%)fakerl Baaﬁéffﬁ-ﬁ{ae&m 1
embodi ments of conpounds re ent ed t he above fornulae (la) and ?’
X, X and X' are hydrof8h °(BE E’f/gqé'i’lsm“é‘id Xith 098 xomprsy Pnbatlt%illfseﬁ@@te@ofrdm In
_preferred conpounds reﬂfe@r%ﬂmrﬁﬁo@hethbﬁuﬁhﬁ%ﬁwfhg{ﬁ‘éﬁdaﬁrtéﬂle Ghbstft ts(lJ.nc}]pa o Y 1S
~al kyt havi ng one or nore substituents selected fromsubstitute
“urstbstituted 30 al kyl he@bgyl ring figush oxpigesy wisggshlegrbon, ar splfual kyl , aryl oxy,

al kenyl oxy, hydroxy (%Qfe% Herf1 CRBLAL
and W2 is R or t) wher e R’eaé} al kgr&hv\%ﬁ {On lpdlpcc{eﬁ tcgtcfl oor‘rja{ﬁ y
substituted with a? I&}'Flubé}-?/)r or alkoxy. In nore _, pref erred errbodr ment s,
Yis: . . WO 001 04020 O O O 17 JAN 2003 Pgl'/ US9911596~ I n ot her pref erred
enbodi nents, X, or one of X and X, and_ Y tjpgether with any intervening
.ring atons forma substituted or unsub i peridine or piperazine 5
ring For conpounds represented by thejabog¥4e flormula (l1-a), R 1is
preferably (CH2)m O~ selected from 3, '@%hoxyphenyl; ~~ (CH2)n W~
where mis 1 or 2, and nis 0, 1, or nd 1) (R12) (R13), where R' and
R ' are independently sel ected from fet hii—And et hyl) and R 3 is sel ected
fromH OH lower alkyl, aryl, and (CH)N-O M, 19“yynere nis 0, 1, 2, or
3. In the above fornulae, W is R2 or C(OR, where R2 is preferably C C,
al kyl optionally sWhEH¥t uted with one or two met hoxy groups. Especially
preferred specigs of conpougdg §&Q{e§5@&,§ t are
the fol | owing: QOCH3 ~H3 O ~ OCH3 d‘%’“ %S%m%(ﬁﬂé ‘&Ewéﬂ’&% mylo 00
and . _ W O 00l 04ozelkwh3a@@\r§@s cycloalkyl, and C,-C, cycloalkenyl groups, and

CR"YR™)R"), the alkyl and alkenyl groups being optionally substituted with

C-C, alkyl, C,-C, alkenyl, C,-C, cycloalkenyl, or hydroxy, the aryl group

being optionally substituted with halogen, hydroxyl, NO,, CF,, C,-C, alkyl, C,-

20 G, alkenyl, C,-C, alkyloxy, C,-C, alkenyloxy, benzyloxy, phenoxy, amino, or

phenyl, and the cycloalkyl and cycloalkenyl groups being optionally substituted
with C,-C, alkyl, C,-C, alkenyl, C-C, alkyloxy, or hydroxy, and R" and R"
each independently being lower alkyl, or R"" and R" together with the atom to
which they are bound forming cycloalkyl, and R" being H, OH, lower alkyl,

25 aryl, or (CH,),-O-W', where nis 0, 1, 2, or 3, W' is R or C(O)R?, and R’ is C,-
C, alky! optionally substituted with one or two methoxy groups;



w~0CH- N OON "O'1 7 JAN 2003 PCTI US99I 15965 Especially preferred
speci es of conpounds represented by the above formula (I (ﬁ)zlagggq%[)g
following: . OCH3 5 OCH3 ONOON 12 and O N~ O O ~~1/ 17
~JAN 2003 WO 001 0024020 = PCT/ US99/ 1596~ O/ , | N N~ O O ~BLI/NE9/15965 - - |
~ The conpounds of the invention also include pharmaceutically acceptable
derivatives of conpounds of the fornula (I-a) and (l1-b). A
"pharmaceutical |y 5 accept¥bBhéXtee taglainilepetidediyneteatsd fiorh hodtbaeg, cyano, C,-C,

.pharmaceutically acti [ . har maceuti gal | y, accept abl e
salt, ester, salt of glg}gﬁg;ég %&h,&"%?w%é‘r‘da?"agmw eTE Spb (n &° %f 15 OXYEel. Phi s

i nvention. Such conpoGisendien tedonhimbetiegl Xt or A* patht el cadbe agapabhe of -
directly or indirectl i el di . cqapoynd of, this invention, or .

net abol i ¢ residue or %?%lc?ﬁb@f‘é F‘ %ege%g{msaﬁ ’f’rh)félr"é‘gf/’<s 195 Hime?:?(%Tée‘}%g&%se
activity or pronote oendaugnent 10 neurite outgrowth. - The conpounds of
formula (l1-a) and (1-b) .be. us i har maceut i cal conpositions in the
form of pharnaceuti cal | ynzgéseﬁe&tﬁfgmggy{)rgg.e"g%]é% aé‘%?ﬂi’lsa‘}ilrcé(c‘ﬁ?lgﬁ’le SB‘FVE
derived from i norgani alkeiyl, Gihgapticalial iglapsabth et sally xsdlad i & & mékt s

i ncl ude acetate, adipate, ah’?t}lnqtge, as ﬁrtite, benzoat e, benzenesul f onat e,
bisulfate, . 15 butyr B4t f‘mﬁ’ﬁsn% Grafiem ubsibiesh A yrsipstitted alkyl,
~.cycl-opent anepr opi onat eryl, diigky Gtk Rlkyl QEesKy] ﬁ%m@@&ﬁ,hfy@%hﬁwf-bomtﬁd

wmr at e) gl ucohept ano(gltée, Izycerophoslohate, hem sul fate, heptapoate
“=Rexanoat e, hylf ochl or { ?v‘%\%rﬂ‘&ﬁ‘%ﬁ’rﬁ&e_; Ry A 5 ds Rieor GO)R’; where R’ is alkyl,

.. ;hydroxyet hanesul f onat gixedyR & & FoptibalifabQit SR FRMNE S U U2 #cBry; or

-2z napht hal enesul fonate, nicotinate, oxalate, panoate,’ pectinate,
persul fate, 3-phenyl propi dtP8t%, Xpandr Bt & contpinstiom witheY tpkrep plogeter ewith the

succinate, tartrate, hLi.06YiRAFom bORY RS chgfkﬁg%g&c?qgmecé%%ng{ny base

salts include ammoniumsalts, alkali netal sa , such as so
pot-assi um sal ts, al kalftrmuladhb)) Hormea & to Janembered gatiratad oc apsefucatadatirarsgjivesi um

“.salts, salts yWth orgapig SHE ks hexyl ami ne sal t .
N- et hyl - D- gl ucosam ne %a?t??ﬁ%gcon ﬁﬁfiﬁl a%@%%{ﬁ%' ?’6?‘620" "ﬁ%ﬁ‘%@,@ﬁ‘/ T5965
and salts with amp aeddonstache depicted gitrogeneatam df thesingestrudihispseldcled fivas Oc

" nitrogencontaining gr _bhe,. i.zed with su agent s. as |.ower
al kyl halides, such aEHCEr)rgt ﬁl?ﬂ% Poe’t/ &3@6&%:9 Séﬁ ed °5H?fa§’ﬂat%§l}l hegeﬁ(l’cg‘r’ 1R "B ni des
oor iodides; dialkyl suweptfiepldssubstitetd wigh ahie e thsel spbsdivertiydiectediffout Jy K, amhi,

~dianyl sulfates; 10ngGhai . HabldRRPdSRee, L8 saligl, or C.C, alicyl optionally

20 substituted with one or two substituents independently selected from C,-C;

cycloalkyl, methoxy, methoxyphenyl, or dimethoxyphenyl, or J and K taken
together form a phenyl ring optionally substituted with one or more
substituents selected from methoxy, trifluoromethyl, trifluoromethoxy, and

suitable substituents linked to the phenyl ring through oxygen, nitrogen,

25 carbon, or sulfur.
The rotamase-inhibiting agents of the invention also include pharmaceutically
acceptable derivatives of such compounds of the formula (I-a) or (I-b).
The invention further relates to methods of treating neurological trauma or
disorders as a result of, or associated with, conditions including neuralgias, muscular

30  dystrophy, Bell’s palsy, myasthenia gravis, Parkinson’s disease, Alzheimer’s disease,

cd
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5 lauryl, nyristyl and stearyl chlorides, bromdes, and i.Qdides;
aral kyl halides, such as benzyl and phenet hyl brom des. V\id?e jf&N azmm
oi | -sol ubl e or Qb%cﬂt% gl bl e products may be prepared from sug %{;5365 In

_addi tion, the conpounds of the invention may be nodifed by appen I'ng
appropriate functionalities to enhance sel ective biol ogical properties.

Such 10 nodificati whi.ch _are ew of the ordinari]
_skilled artisan, ™ Blf’ﬁ‘a%m?ﬁgg'é()tfor‘i’@‘? Flrfﬁnmsglié‘ébc%ﬁ& é‘ﬁie‘f“il‘ﬁrf‘ia(ﬁ‘FF°F‘ﬁtF% a
given bi O| ogi cal wﬁb{&&ﬁm (neurgl. parBdathy(l otiey MRMAL id6gebdtaive NiscaRA! Mdlor MRUMAUS
system), "incfeasing oral avail ahiljt " increasing.solubility to allow
admi ni stration b9‘s‘7%'?ff i T5RYe BINPEY ’i“ﬁ'é HESBBY ‘?‘%‘H“J‘ﬁﬁﬂ die é‘?“%‘i‘f@’er‘&?ﬂé’%f

excretion. 15 Sos®ngbe idiEnic@nfRos hehSpabesAK dBREtIVRAMBIA of @ RbBHIUN® BE foRhuIADT €
centers of asngmﬁtry gnd mag/ thus give rise to enantioners
"3 8%

di ast er eoi so ey &, 4 BQEFUSy acpydically %%%F’ie&b?lﬁ?'r% Phal’ﬁ‘é“ﬁ?“e"’é‘ént

invention is nMeamcedudld (Hohidgie) adid th%#éGh t@qs§atnh@1n5£e%a%@ls§&{f?réa$mef§ velch as

their racenic and optically pure forns. Optically active (R and (S)

i somers may be pREatsdRrthss FamprisnsdmpistEag hepmposHondemprsing aafisefive amggnt

. resolved 20 usinge q%msmddomkonmggnhﬂum B h.laﬁmso &G&m%ssédv@ed
herein contain olefinic double bon are | tenae i ncl ude both E

sapd Z geonetrl c msbalits OTFH*FW@CW@ a‘9<I¢1?¢}?tabl*3e1-‘>i?étnthen=p|ilelnt cqmmagowam at o

Sl ude al | SHCpRARBLAL R RLALARSich B EHLALS SRR IR/ AR g
. chem cal for nul aef ¥ eduertrophic faston éelesited frry nerxbigtpivith fabter, piselirogrewtinfagér and

taut oneri srn. e t hj cifi only
‘represent one of %ngég@g&bﬁ% de?ié’%wggr]fegdr%}d\é@ rpr?ssm k?sma%g&fod“%%und gt% god
that the inventi dcnvechgnowpa&stets taraiy-dednet! ownenoiraphiicofadtort hairymanothmhgefmat ed by

enpl oying the 14 7 JA 20 P I 1 5965 t i scl osed
Cor in a known mafi cﬁu g'iﬁcd‘i\l FLe \r/\gooh gﬁ l@){H g’t"zﬂ‘ﬁt“S‘l‘ﬁ%tF(?p mf@ ﬂ]
'depl cted by tilse i:ﬂremjhae:do&dtsﬂtdﬁhém\/ETHODS Compounds of the fornula (I a)
:may be prepared from_conpounds fromthe .
X =i Y (M) - The ivention 1 alfq el W‘W?F‘F’}Jwﬁm“?% (gbl(@é’taé‘% cWHCh
= hy ((j:a)g e n) and o p][ Iaﬁmasichyedsulb&l drﬁltli’ﬁdeﬁl Koy breparlmgzt?i FK @l -fodulating G()ﬂrﬂl)nmmc
. CH2) gR30 a C cl oal keny ~~ ~ ere
qis 0or 1, and 1i*‘s“'%nx“a‘til Q&?{ aa’?%“h‘ijﬂ o, FRAAS P | FRFERSEF prmélﬁ%fk\et ut ed
W th one or 10 masdpoanddsking w@Rtiftednadiepaendent |y sel ected from hydroxyl,
C -C6 al kyl, C -C6 al kenyl, C, -C, alkyloxy, C =-C, alkenyloxy, benzyl oxy,
phenoxy, and 2Bhenyl . X is hydrogen, cyano, C, -C, alkyloxy, dinethoxynethyl,
or oxygen, where when X is oxygen, the - bond connecting X to the ring ™
- carbon atomis a double bond; and Y is hydrogen, an al kyl, al kenyl, or
.cycl oal kyl group unsubstituted or substituted with one or nore 15
"substituents independently selected fromal kyl, aryl, al koxy, hydroxyal kyl,
-;aryloxy, al kenyl oxy, and hydroxy groups unsubstituted or substituted with
_’f;-:-Q}_’}E or nore substituents independently selected from hydroxyl, C -C6 alkyl,
T C2- CG al kenylys C -C, al kyl oxy, CZ C, al kenyl oxy, benzyl oxy, phenoxy, and
phenyl , (CHZ)P OW-, or (CH2)P - NNWZ, where pis O, 1, or 2, and W is R
or C(O)R3 with R being an al kyl, alkenyl, or 20 aryl group unsubstituted
-or substituted with one or nore substituents independently selected from
al kyl, aryl, and al koxy. Alternatively, X and Y, together with the carbon
ring atomand nitrogen heteroatomto which they are respectively bonded,
forma 5- to 7-nenbered saturated or unsaturated heterocyclic ring
unsubstituted or substituted with one or nore substituents J, K, and L;
where J, K, auod L represent substituents 25 independently sel ected from
oxygen, and C,-CS cycl oal kyl and C,-CS al kyl groups unsubstituted or
substituted, ;Wi th one or nore substituents independently selected from 17
J A N2003 Wo oo~oao~0 PCTIUS99/ 15965 C,-C; cycl oal kyl, net hoxy)
met howwﬁ@n&fﬁ“ “and di met hoxyphenyl; or where J and K together form a phenyl
ring unsubstituted or substituted with one or nmore substituents
i ndependently sel ected from nethoxy, trifluoromethyl, trifluoronethoxy, and
"substituents linked to the phenyl ring through oxygen, nitrogen, carbon or
sulfur and . 5 independently sel ected from hal ogen, hydroxyl, NO2 CF,,
C -C6 al kyl, C2-C6 al kenyl, C,-C, al kyloxy, CZ C, al kenyl oxy, benzyl oxy,
phenoxy, amino, and phenyl. ' O COQ(CHz8qR30 ' , In a preferred embodi nent,
R' is ~~, nore preferably benzyloxycarbonyl. .. Especially preferred
exanpl es of conpounds of the formula (I111) is: ZZ Z NN O~0O0~M ON-
-0 . 000O0-




. " -10, , , and, - ' - - where Z is benzyl oxycarbonyl. Qher preferred
exanpl es of conpounds of the fornmula (I11) are: Z N O N-O Ov Z WN O N~~CH
,~OMe ~1 where Z is and benzyl oxycarbonyl . Anot her group of ef er
conpounds of the formula (I111) are: 16 r - | *Z jN and mwmm
MeO benzyl oxycar bonyl Further preferred formula (111) compounds are
selected from _'° .... wo 00/04020 NOw O. N EOOC~- Ow 1 ?

JAN 2~fi ~ S9 65 wher O NH ~ OV ~Z /7
OVe O N~ 2 Jé‘ %ano ﬁﬁSpﬁcté) %Breelsﬁn%l %H%/& ycar onyI Conpounds of
theforrrula(lll) i ncl ude those of the for - whi ch may be :
converted under reducing condi t FbFETpoHY Hfds of the formula (I111-b).
~R32 ~HON-~-XON_ _ X! t ! Y (Ill-3Y (BI-b) 10 In formulae (I11-a},

R' is selected fromoptionally substi uteﬁ;al kyl, al kenyl, aryl, O ol
~C(CH2) ~R30 ~~CQ( CH2) gR30 cycl o oal kenyl) ~ , and ~~ cycl oal kyl
yy, where qgis 0 or 1, and R {i al gyl or aryl group unsubstituted or
substituted with one or nmore 11{%1. .0,

wherein:

R'is: hydrogen; an aryl group unsubstituted or substituted with one ot
more substitueats independently selected from the group consisting of halogen, hydcoxyl,
NO,, CF;, C-Cs alkyl, C3-Cg alkeayl, C-Cq alkyloxy, C2-C4 alkenyloxy, benzyloxy,
phenoxy, amino, and pheayl; an alkyl ot alkenyl group uasubstituted or substituted with
one or more substituents independently selected from the group coasisting of Cy-C, alkyl,
C1-C, alkenyl, C4-Cg cycloalkeayl, and hydroxy; adamaantyl, C;-Cy cycloalkyl or Cs-
C; cycloalkeayl group unsubstituted oc substituted with one or more substitueats
independeatly selected from the group consisting of C(-Cy alkyl, C,-C4 alkenyl, C(-C4
alkyloxy, and hydroxy; or C(R')R'*)(R"). where R'" and R are each independently
lower alkyl, or R"" and R'? togethec with the atom to which they are bouad focm
cycloalkyl, and R is H, OH, lowec alkyl, aryl, oc (CH1)a-O-W', where n is O, 1. 2. oc 3.
and W' is R* or C(O)R”, with R* being C,-C; alkyl unsubstituted or substituted with one
or two methoxy groups;

X ts hydrogen, cyano, C(-C, alkyloxy, dimethoxymethyl, oc =O; and

Y is hydrogen or an alkyl, alkenyl, benzyl or cycloalkyl group unsubstituted ot
substituted with one or more substituents independently selected from the group
consisting of: alkyl; aryl; alkoxy; hydroxyalkyl; aryloxy; alkenyloxy; hydcroxy;
benzyloxy; phenoxy; (CHz),,-O-W2 and (CHZ),,-N—WZ, where pis 0,1, or 2, and

8a



WO 001 04020 1 7 J A PJ Q03 PCTlI EJS991159b5 substituents independently
sel ected from hydroxyl, C -C6 alkyl C -C6 al kenyl, C -C4 y C
al kenyl oxy, benzyl oxy, phenoxy, and phenyl. In forrrul ae (ﬁ‘ 7 d%ﬁm
(rrr-b), X and Y are as defined in fornula (1-a). 'To yield a conpound of
the formula (I- a corrpound of the formula (111-b) is coupled with a
conpound of theforn%_lIaS X 9—|O(IV) In formula (IV), R is as
defined in fornul aWlis® OFC&%ur\‘d@mR isra atyr atlylaof alkényd proupy be prepar ed
usi ng conpounds of the : - . formula (I1): Z~NOOO10 (I1)

CO( CH2) gR3ansubstitatethok autfstit)ted ZithSome-or,movh 8ukstitueqts mdépdndcdtly setedteld fmm an
al kyl or aryl group unsubsEltut ed or suybstitu Wtéz one nor e

substit uent el%@d&ﬁ'ﬂ'@ﬁ[‘ﬁ? agl, alkyb qnd alicp 2 Orp- &f k"’V\d(C@,{Z)pCG

al kenyl , | 1 bk X la yl oxy) phenoxy, and phenyl.
Pr ef erably, %ﬁ eh%‘% ﬁa&bonyl’gﬁwgﬂ Xr’eﬁgou ds of fornula (1-b) may be

prepar ed fr om conpouBas k¥ QbEathér il e carbdh dif ROMarARAHA R kOutbATe

descri bed above. .-v_-- X~ Conpounds of e formula (V)
i ncl ude thwhe:hahc)theréspmtmcw lﬁdhda)i fddmacjm mﬁymb:abcmdmautam:ﬂ demturae@hm ng
conditions into conmpounds of the fornmula (V-b) ~ ~A~~

2003 WO 00hesemoyrliscEwa ssabstiteted owstltwltkyﬂmoxzw pybspifyestst K v‘dd& Y X~

V-b) In f o
(0 B iy i B b
hydrogen, yske®) G, GJCCs @dfdﬂll@% Xnd dl et Al J&Xl'n}ub‘?ﬁtute@or Rbseitute@Rélddbne

t oget her form a val ence bond: - s as defined for formulae (I11),
(111-a) andegbtel subjytituents mdcpcndcndmclgﬁc«from&e groupreogsiptngeftGohs wi th Y and

th b d h the tivel
bondod. anaergod BRUSRY- maehoORE At ool Ry Shed: 38 Wil B IRRARE LY ey
or unsat ur gffch .[kkﬁ.gr.@.%/&rkshﬁschu&a Jd BEBLRBdtkd WihaRlor fides LubstitusflesW th one or

nore substitue where J, i K, and L are each independently
sel ect ed fhdm@ﬂqumﬁ;ewcmhpgbkmum @ th@S, aifludromgedyls

unsubsti t ut or s bstlt th o nor e ubst tuents i ndependently
isel ect ed f e é‘ﬁ?ﬂ“"“ﬁét%ﬁ@" t‘J‘.’Ef’hlef‘é’f M8 nygfﬂdm?mgen
di met hoxy plggyd o Rifud a@mﬂd&éﬁgﬁﬁm&us&a D& &@g&mb camamgrmhﬁ,tgb& uted or

substituted with one or nore substituents i|ndependently Selected from
met hoxy, thydrbxydr NOetElil Ci1GsidkyloCofetionyl, Catd atkybedyi Cyr€atatkdayloikgd to the

phenyl r|n th oug 0oX nitro carbon or sulfur that are
_independen E@F@‘&X’?ﬁﬁ’rﬂ%é‘f‘g g?f‘ylhydroxyl NO2, CF,, C -C6 alkyl, C -C6

20 al kenyl, | kenyl oxy benzyl oxy, phenoxy, am no,
and phenyl . oFa pg rmacel}ilca@/ hcceptag[% cﬁarwatlve which is a prodrug, 2 pharmaceutically active

metabolite, a pharmaceutically acceptable salt, ester, salt of such ester, or hydrate of said

compound.

According to further aspect of the present invention, there is provided

e

a compound or pharmaceutically acceptable dedvative according to
“claim 1, wherein R' 15 aryl unsubstituted or substituted with one or more substituents
. independently selected from the group consisting of halogen, hydroxyl, NO,, CE,, C,-
:C‘ alkyl, C,-C, alkenyl, C,-C, alkyloxy, C,-C, alkenyloxy, benzyloxy, phenoxy,

amino, and pheayl.

8b



Exenpl ary synt heses are described below to illustrate preferred enbodi nents
and features of the invention. The follow ng synthesis protocols r {]6{3 to

i nt ernedi ate conmpounds and final 25 products identified |f1|nanQ|AN §
specification and in the synthesis schenes. The preparatioh of various.
conpounds of the present invention is described in detail using the

f ol | ow ngceordingte sgaib vhothéraaspédt iof & preseht in@adtiony thegcio grovided: hat t he

chem cal reactions 19 - - - ., |, - ~- . - . ~-_ ~ 7J A~ Q03 w
00i oao~0 PCT/ US 99/1 5965 described are generally applicable to prepare

ot her FKBP- i‘nhi bicompejind otrprhands:eoticatif @cdepratdatdedvativiVemcdimg tan arti san wil |

recogpi-ze, a,reactd on Fo Ki one conpqund y not be_ applicable

preci saelf“yi'a‘gh%fglél_(%rgi‘Besﬁﬁ?%fl%?ﬂ:gg@& et Ah e, f“"cﬂt@y'nyenti on, the
ar t i SiadotyR Yuygadlicnyl, PoHEUTLAE phbdll, Bl A& WGl GRint @de SYNihesi s can be 5
successful |l y perforned bé maki ng appropriate nodifications in |ight of

knowl Subigfeusafs weepeadently sselgcted (o theraompi catasting o Kiatvgemfhyidntet. f er i ng or

pr ot aed), 0F,, & ARGy Y. S LWt her venti onal reagents, or by
routine modifications ()";mgﬁter%%ﬁ'o@fg%%%ﬁyf icg'(rzfg) ?IQB‘PY.[?’WaPe‘%ZY‘aﬁbt her reaction
di scIpbewady agrinmpad ggayls t o that di scl osed) herein or a conventional

methrod wi ||l be appropriate to prepare such conpound. Although certain
protecting '. ~ 10 groups ( ps that block reactions) with one or nore

. — rou . .
i nher ent Acgerdifigda et @W%@?P%Zg of the preseniripyantipafhess is providedaneses’ descri bed
bel ow, o ' cli f:] | T .ept.to artisans
dependi n%hoﬁt#e&%gke?t%rﬁgﬁ 4‘ 9{;‘%%@{"8% ic!:\‘qli a1r4b(§ﬁepr¥1mg?$é%a{é§£pl oyed. See,
e. g., G defieatianthedédfavhich Btagubding, Sphamacewmicalhpaitbalmdbuliteai s (2nd ed. ),
John - Wley & Sons, NY (1991). 15 In gll synthetic_processes descri bed
her ei n (Bh%elﬁ’ccﬁﬁ)’ W?Btah%diaifa?sé‘?f) Saﬂttﬂ? e§te§?‘é’i‘¥£ﬁ‘f§ Oﬁg"‘llgF?‘BP%u“élr e known,
avail able, or may be readily prepared fromknown - - starting materials,
all tenperatures are set forth in degrees Celsius, and all parts and
per cent agasonling to\stillengther aspecigditheprasant invgntiom sleate tsrppavidedarer ci al
suppliers, such &s Atdri ch Cheni cal,. Conpany or Lancaster. Synthesis Ltd.
Reagent s “amgowy] ffemithe sigup gppst rcial grades and were used as supplied

with the follow ng;o@rf,gglm L0Sed Bhahthe ,Q,qFtcjgﬁgmi @2Cl,) was distilled from
cal cium hydride prior to use; tetrahydrofuran (THF) was distilled from

sodi um benzoghe(rllq%lne ketyl prior to use;_and nethanol was dried over

4- Angstrom nol @&, Si eves.— Fl ash col chr omat ogr aphy was perforned

using silicg g 60 (Merck Art 2 ERLNR, (300 Mz) spectra were
measur ed uti ons and term bhed on' a Varian-300 instrunent
using Vayi NI TY plus 300 ope g software. Chem cal shifts are
reported No parts per million Ppp dgwnf =€Nd from tetranethyl silane as the
intern8 t{tme‘}ndard, and coupl i ng constant=< e given in Hertz. The foll ow ng
abbreviations are used for spin nmultitpbicity: br = broad, s = singlet, d =
30 doubl%®t, t =triplet, g = quart Z mul tiplet, and cm = conpl ex

‘mul tiplet. Inpraqred 20 WO 001 04020 o~ \7 J A N 2003 PCTNS9911596~ (IR

spectra were orded on a Perkin-El ner 160Q series FTIR spectrometer and
are reported in wavenunber's (cm1l). Elenental anal yses were performnmed by
Atlantic M crodxabb Inc., Norcross, GA. High-resolution nmass spectra (HRVD)
wer e perfornmed Seri pps Mass Spectra Laboratory, La Jolla CA. Mlting
odgtermned on a Mel-Tenp Il apparatus and are
uncorr ecf eds s otherw se indicated, the reactions set forth bel ow were
carried [ wnder a positive pressure with a balloon of nitrogen (N=) or

A & anbi ent tenperature in anhydrous sol vents, and the reaction

reagents vi yringe. G assware was heat-dried . . - 10 Anal yti cal

t hi n-1 ayer chpomat ography (TLC) was perfornmed on gl ass-backed silica gel
~ 60 F 254 plfat$s (Analtech, 0.25 nmm) and eluted with the appropriate
solvent ratios¥(v/v), which are denoted where appropriate. The reactions

wer e assayed by TLC and term pated as.judged gy thﬁ\ consun{))ti on 01;1 starting
mat er i@fl .4 TPRarmpeeugicaltye saggepiably; desvativy hich ¢ Pad oPRE B 21 anp.

Vi sual Lzat | Ql; i OB ' AUAMS KB RalBSE Achhydri n,
amni%@]gﬂ%ﬁ%gg%gﬁea,%h?g |§aeb%?%) g@)hg%%%rgut@w%g%s%{l dehyge s’p? ay reagent or
phosphae)] stgtatast sdid &agsiind( Al drich Chemical, 20 _ , wt%in ethanol)
activated with heat. .. \Wrk-ups were $§pically done by doubling the

reaction volume with the reaction solvent or extraction solvent and then
washing with the indicated aqueous 20 sol utions using 25% by vol unme of the
extraction volunme (unless otherw se indicated). Product solutions were
dried over anhydrous Na2S04 prior to filtration and evaporation of the

e oy o

oy o e



WO 00/ 04020 1 ? JAN 2003 PC i'/US99/159G5 azaam de nucl eus, and
functionalization of the piperazine or 1,4-di azaheptane ring

substituents X, or X and X2, and Y to forminternedi ate conpﬂu?hs'A)N 2003
formula (l1ll1-a) or (V-a), respectlvely . ~R2 R3z [/ /i N X2 O N~-X O
N5Y(lll-a) YX (V-a) ' Such conmpounds of fornula {III-a) and (V-a) are
conver t eth 4dditiodBRUARLIOh relates to-thé Qs 0 aachéﬂapa}ucaw efféctR): ahfoBRESKd Vel y by:

- (1) renoving the protecting grou ' under suitable reducing
condi t i opemganadias defined abaue fqr@msmgengqtanequ abmdqg:mqaa&mqpaﬁnscermbl eto

t hose sk ht  of t iled in the

exanpl esh‘%’gdlr(\?lgﬁf c%‘e‘i‘%%ﬁi&rlh)a[ﬁ%%'uéeleé}e&grﬁ%#} g,r or cf)gfl ‘?'Ig‘}tgmﬁ(}n dr {-V-Db);

and (2) diseust, Alghdierd dpegiceaidesh worsphi¢nsteal sdlabsvl a (I [1-b) or (V-b) with
-a reagent of fornula (I1V): OR ~OH O (IV) 15 where R is as defined above,

under suitaBde couplOitiregfeamnng dbjeonsandedeinteenel hi RRSES Aal 8dchife Bipatenr Teadi | y-

di scemable to t |led in the art, e.g. |l ight of those detailed
in the exanpl es%?@&ioﬁ%g%\ﬁf‘a‘k’ddf%“ﬁ‘%‘{f“&‘Emnd of formula (l-a) or
(I-b). Suitable R32 protecting groups for . . ~ nitrogen include those

descri bed bel ow as knovvn to the Skl lled . 20
practitioner (see, EMEQ Chem cal
Synthesis {2" mp-xmmnmd;mcmOsmﬁ(mvﬂzﬂ%m In the fol I ow ng

synt heses, g is preferably the protecting group benzyl oxycarbonyl, but
other suitabBle nitr8geiehhere thnélgwing srmnyhatre thesédingh sicesiss, sokse | : 25
Scheme 1, whi chphiSuddemieatied bel ow, is useful for preparing Conpound 7 (and

V\E| I 8 ot _H.

= _.A_-A =¥

ener aI I
ON 4

22 i 17 JAN 2003 WO 001 04020 PCT/ US99/1 @65 ot her conpounds by anal ogous

met hods as noted i nTirakdm Bl Inegeweben&tcdmil sjtrﬂ:ahthﬁalﬁaea(tpale&; pheffaiy, Z is

benzyi oxycar boryly,cld ng bon th ieties '
_suitable for us@ as prng?gd@t ng gegoa?g{;&.¥ B?g ﬁ'@‘é‘hgé(ﬂmlc%?%étﬁmﬁay be

enpl oyed (see Crliuchreaydrcecurally) represented by MdZforfild CAGZ Qwhed k is af\@tdedbr NaBH

~ HCl (4N) 10 ane D oxane O N MeOH D oxané
| 90C ~ 80/ 2\%"8‘? ggyildel o%pics o q‘% '“d"im.%‘ﬂ st ypopyd isopsppybrbule  7-2 N
HZ. 1 Atn N~ Ove OOH H ON Ow (Et) S~HNPdICONEDCHGCHZCI_~ hr ~
HOBT
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0 ~0O0TEA CHZ&Z 5 6 4 1 Piperidine-1,2,6-tricarboxyhc acid |-benzyl
ester (Compound 1 HOOC I COOH Z 1 2, 6- Pyr| di ne di carboxyli C-Ec’ A&Szagg
0.15 nol) was dissolved in 2.0M NaOH 10 ( 154 nL) and H20 (3 nt'& m
tenperature, andv@toaerd in a 500-nl Parr bottle. Rhodi um on ratuswmaspowder
{5% 1.87 g) was added and the m xture was purged with argon for 15

m nutes. The reaction m xture was shaken under 55 psi of hydrogen for 48

hours. The suspensibamt, wataty,i pebi§t, edpe'&xkynoumn@prm@}ﬁgtgﬂ Q@Ihle;ﬁ,an@r}@ stuhﬁed ear
filtrate was cool ed to.0C. BenZyl chl orof ormate nol )" was

added fromthe t P&a@CtSBmffﬁ oEeabI T T Hgvier alkyl d«tswetes %ﬂcﬁ#l‘t)'i W@:&@mulﬁg a
period of 30 ni nu@onanshs tike asployhicpn was all owed to reach room
tenperature and stirred for additional 5 hours. The remaini ng benzyl

chl orof ormate was ext rhe ey “slgrh meansh brpnrhed %Stfﬁglawé%lwwlféipﬁéwdmcﬁﬁ@n
aqueous | ayer sasy dﬁsﬁh&%d%xﬁkﬁlug@'oﬁ?h ﬁﬁ%or%fr E@&tfoqw\é\‘ Eéomﬁmnaczetg ate 20
23 ~BSTI TUTE SHEET (RULE 26 ? , SAN 2003 PCT/US§911596~
(Et OAc). The Et QA C@J&gnsp%%ﬂ%@léﬁnyas ig¢lidet ethsnylgl-propdualz Sopemdl | duiapdr2at ed.
‘The residue was tyyidyiir bKEenM, bt HE %o e
solid was col | ect éld gly vacdl\glm filtrat |ug§§&“ghé %Q%I %EC?E{%@M Qdfmgmwg&h

“and -air-dried to %fianerasiered 1 (38.3 g, 83%yield). Rf = 0.06 (10%
Meg]g/ (Qr_rllCl 2?_0) EaTg/R(s%h;tﬁég all&é{%‘ 1¥1§ang E%— MWhérﬁDagkyl is aQ geﬁ(’lrg ab%w "Lg'WCAr'8 )
iy ‘4 ‘Di 0x0- 3- ok~ Hlleoxy” @fWQB@@XS&TGIPQCt}m&)magl&ﬂkyﬁ:mbhqoqﬂlIm:4 echod abbewzvl ester
... (Compound 2) z ~-

Pi peridine-1,2,6-tri car%mmIalm'ézeh qeagse(rlaza(enééf"g‘?re %ﬁﬂiﬁlotfr‘?adﬂmdﬂ?f"?e' g,
64.11 mmol) was suspeﬁ"decbnnnalabatwams amhqndcycdeo](ﬁﬁ)ycmhc ABhatid ik Jnolety, ordr y
250- mL roundbottomélllgskhenThea%i |rre? at 70C fqr. 30 mn 573
until a clear solUtionr Pormed™? RERPT: cPYEITKY TR WBE2 oy ed

. in vacuo, to affamidaﬁ‘ﬂyﬂpmyndmgl (tﬁ&lﬁyl,gpxakm&@l %-te?mfdl-ea,'ll Qidblyl, Thmon@i.eri al
T was “of suffici entl ual i in the next reaction wthout
. purification. he %‘f"g‘ﬂ' C{W%O Bl?@@mipg‘g\ﬁéﬁ)e‘i’“d theolikey \Bge pispet SeFhf or

i medi ate use in driendiaiet mﬁ)t edcbpuodriubdmsuﬁtea with one ot nibke {uBHAtuddld) for e‘iarhﬁle(s

2 517 2 7. 32 3-f2-B | thvll-2 d 3
9Héll) aza- bi f:\S/cI o1|‘_|)3a ?l%ﬁ(ﬁr %é‘?‘b‘ﬂ%wyi Coélcr%ozggﬁivg)&gt @\rlleﬂ*ﬂrﬁﬂﬁhﬁ%}’?é;) Z -

"N "ON O3 0 | 2002r; E!rmew& e, 9: @HP' me}@[ 3odulcdnnang:, 9-sanNpOXY! i ¢
- acid benzyl ester (Conpaund 2. 1.02 %@9& was di sSol véd in di oxane

{5 nl), and 2 24 “OCHF.7>ChaNO8Eeandhe oMbmmsm%%subsmuted by two
benzyl oxyet hybam @8stién&orthing: b3 EITEH ekathsy -@Q@t@y ST ot he ah(i}{?cgchJI?mm Xt ur e

was stirred at roomterrperature for 1 hour ‘Then, acetic anhydride
(0.62 nL, 6.64 m7b1°) was added, and the reactlon was refI uxed for 5 hours.

" Dioxane was evapor at edye g “bl/RigReANPNRL ' i L1 ' i

residue (20% Et CAcl hexa?nes) grgve % Corrpouaﬁigﬁ"f’oqf(él%@Z&g{eh@%&ﬁéﬁgﬁ%ﬁﬁe
_yellow oil: Rf (598h#apAc| hexanes): 0. 80.
“ =2-Benzvl oxyet h~| - 2- wdl- < GH_ Leveh ol 3 1
TIPSO el € o Sl M) Reetipd e o o

]nonane 9- car boxylic aci ﬁpou
B 25 The term “cycloalkyl” means a monocyclic or polycyclic carbocyclic ring

structure, where each ring has from five to seven carbon atoms and is saturated.
Examples of cycloalkyls include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl, and adamantyl. Where indicated, a cycloalkyl may be substituted with
one or more suitable substituents, for example, halogen, alkyl, -OR, or -SR, where R is

30  alkyl or aryl.

9 3 T I A R g




4 i 3-(2-Benzyl oxyet hyl)-2, 4-di oxo- 3, 9-di aza-bicyclo[3.3.1

] nonane- 9-carboxylic 10 acid benzyl ester {Conpound 3, O.4g

was di ssolved in nethanol (15 mi,). The m xture was cool ed 1?&&&&2@6&
(0.06 g, 1.66 mmlojooman-added in . portions fromthe top. Thereaisen was
stirred for 10 mnutes at 0C, and then 4N HO in dioxane was added to
obtain a pHin the range of 1 to 2) and the reaction was stirred overni ght
at roomtenperature. The i RIOBLKMES LMPLALE g NAS
di ssol ved m Et OAc and pour edﬂl@nto NaHC03 satura ehaaop o%gfcgg go}]&?ﬁgﬁéﬂﬁ hen
extracted with Et &8s wherggagyning hanfeorg rbionesdn exbonamis and rtdeasasiaetgvd t h
brine (10 ni), pamgﬁw@a@e@mﬂ;at@AaHQmQIxouN@%é[ and the sol vents were
evaporated to give Con}r)oun g, 85% mxture of isomers) as a thick
pal e-yell ow oi |, which Mdsmo‘r‘he?mﬁ’qlm(enthleyoqubmerUalmftxynoboo keingdvuaciged t o
the next step g/ittgrggrg d her at 0% EL QAc/ hexanes

0. 45. ~-(2-Benzyl oxyestz{]ﬁ") %—tugugogggﬁldldgggr rg\;lc cmgtf@‘g fnop-car Boh T AR

] nonane- 9- car box~kgledadi fibnb €N v knde$ t Bw§, Cosrpow ﬁdteE:):yc?nﬁlkyl’ ~méins) Ay A1 WD

001 04020 PCT/ US99I_1% N : .
3- (2- Benzyl oxyet hy] °.%§‘?‘C*‘%‘%}oex‘ﬁo4%bx°8 W BY heretim 89 iR b |
carboxylic acidabkhzyl ester {Corrpound 4, 0.34 g, 0.76 mmol ) was

_én ssolved in CH2C12 ( k er argon. BF30Et

F552 ol ) was - . %@mﬁﬁ&é‘ﬁ’%&# p%ﬁ‘%pé’“?% ?fu @“’ IBYERYQRo Aret reagf’ﬁe“(‘% f%s‘ ?Ner e

= rglieased) fol |10vvedorbmat(r-a)emymsldleme ab&ve2 Bre@rablly, e rdlAHMsd-inhbit gtcbﬁp&ﬁahytl on
ue was

was stirred overnll%%lk\H The é vvg evapor ated and the resi
- dissolved in Et OAG H‘%é‘?’if’é%“sw fpudyliielyl Ssameeseicenzype sctivity raf) FKBRe in

m xture was extr agh@iculay FRBBIDACIH( diion Oo deln ou-mseop'ﬂg:afb'nﬁulha(y @f aﬂ@%[-@“ ed
over Na2S04 and concentrated. Purification OF the residue by 10 fla

* col urm chr omat ogr AFRRRSGRBIPIERG0AEERENR] Hﬁxaw@@mgav@decphp@m@ﬂsalkyoa@w@le
89% 1:1 mixture qtnﬁnadaforaﬁﬁecﬁﬁpoaﬁdsasueﬂl s‘saprrodmals P Brnacﬁcaﬁ%a&@?{?e%&ﬂ%‘s’
.hexanes); '"H NVR (ngjor rotaner): b z‘ 0 (m
2H), 3.68 - 3. 180 (dmipl'g.]:q}aceutlcﬂly@gceegblequ&s oraplvpgs@geof]_ H, 5.14 (s, 2H), 7.26
.- 7.34 (m 10 H. ~~-Bg 3

| nonan- 2. one~Corpound ngéfér%ﬁ\ém%gaﬂxl:ﬁts S c%m%ﬁ&?r&&ks%%k@t%y tRe Bbdve formulae ¢

3- (2- Benzyl oxyet hy) 3dgl- % % aydaﬁ a2 BYEPEYOr 0U8m3er K hmbifoen Qvairambbxyll ic
aci d benzyl ester (Co q;,:ggT , SQLY X (5
m.), and pal |l adi um {181'% on egé:??lvﬁ%g%ec[gsrg WL‘ %bgwén%lg @3)% d ﬂ;’/gqu%en
was applied via balkybbsvifgoenelorhpote. sulitiguehts adkctﬁufsqmmmsmntewaasd tunestitited er ed
t hr ough conpached : Larfo JA 2003 PCTI US 965
and the net hanzgl Wagéé;l ?r[?\l/%%' hf;drmaﬁ(g %851%’ &Y 5¥a}g[r°x¥ gegi‘)v6
Conpound 6 (0.09 gV, @m%thl%I‘hVthhﬁkeuoplxg valhmch MW’MRSMCQCDRIL;M&& Rjded

quality to be adv tion. wthout further
_purification. %ﬁ%ﬁ‘l&&@ Po%fe)?;ﬁiﬂlﬁg’f-ug%g g wmﬂf‘%gamg} Ay 4o more
Il non-9-v1] -~-f3 preerted embddwoonss, ¥ iphenvi | - et hane- 1. 2-di one (Conpound 71 .
“OoMe:_Ove Ol ~ Owe s-N~OON7O

: 2-one (Conpound 6, 0.1

“32{2+ Benzyl oxyet hy, cycl Of.'s/&\'l%/ QNN
m et hoxyphen Iac acid (34.3 ng, 1.43

g, 0.36 mml) and 2- oxo 3 4,5

mmol ) were dissolved in CH2d % nL), and the s® on was cooled to OC
10 Hydroxybenzotriazol e hydrate (HOBt, 0.06 g, 0.43 rmol) w85 added,

foll owed by I (3-dinethyl am nopropyl)- 3-ethyl carbodi i m de hydrochl ori de
(EDC-HCI, 0.08,9, 0.43 mml), and triethylamne (TEA, 0.06 g, 0.43 mmol).

The reaction was allowed to




reach roomtenperature and the solution was stirred for 6 hours. The

vol atiles were renoved with a high-vacuumrotary evaporat or1 ‘Eh\? gpg]&
was di ssolved in EtOAc 15 and washed with 10%citric acid sol ut

followed by wat eWO %% i), saturated NaHCO3 (10 ni))” &nd bFCHESY ‘é"

The conbi ned organic |layers were __ _ dried over Na2S04, and were
concentrated. Flash chromatographic purification of the .. residue (30%

Et OAc/ hexanes) gave Conpound, 0.14 g, 78% as a pale yellowoil. Rf (50%
‘Et OAc/ hexanes) = 0. 13; IOR: 2 2870, 1646, 1583, i499, 1451, 1416, 20
1323, 1239) 1166, JLLTZ\;; 007, 3 cm; 1H NMR (major rotamer): b 1.60 -
2.18 (m 6H, 3.21 - 3.29 (m 1H, 3.S0 (dd, 1H, J = 37, 12.5), 3.67 - 4.01
(m 13H), 4.1S (s, A-49 (g, 2H), 5.19 (s, 1H), 7.19 (d, 2H, J = 8.7),
7.26 - 7.37 (m SH); HRNB ( ): expected 497.2288, observed 497.2274. 27
WO 001 04020 17 JAN 20 | US99/ 15965 ' Schene 2: .Conpound 12 and the
anal ogs shown in Tabléeé 1 ma prepared generally according to the nmethod
of Scheme 2. In this synthesis\schene) Z is . benzyl oxycarbonyl (e.g., in
Compounds 8, 9, and 10). In addition to 5 benzyl oxycarbonyl, other noieties
suitable for use as protecting groups for the bri dgehead nitrogen may be
enployed. HN Z Z . 1“Inlothler ;ﬁ@ferrgd Em%%e%sw@sﬂome o“{ nb' to@gﬂérgnﬂ?(ane O
'__,,_NOMoC]—IONC]-I W, : crude 8/ Ow
5.9, ‘.. -agy mtemn@nﬂt@ﬁsfomasubﬁnmr un@bme@meﬂdme ogplperamo 00
< SN - Pdlgorl \ EDC HCl ~ hr HOST TEA. CH2Ct2 11 O Ow . - _ _
"3-(2-(2- Met hoxyphenyl) - et hyl ] - 2, 4- di oxo- 3, 9-di aza- bi cycl o( 3. 3. 1] nonane-9-ca
-rboxylic 10 acid benzyior esmpeundCaenseseniedt By the. above formula, (I:a), R' is preferably
. 2,4-Di oxo-3-oxa-9-aza-bicycl o[ 3.3.1 ] nonane: &_@};ﬂboxyl ic acid benzyl ester
. (Compound 2, 1.00 g, 3.45 mml), which \Naségr‘ég ed from Conpound |, was

di ssol ved in dioxane (1 nL), and 2-net hoxy thyl amne (0.50 nL, 3.45

mol) 1 S was adde m t t URE \g\pir ed at ro
. tenperature for qwe (%m%h3 3. %mcfhoxmhmy)f E‘ere mis 1ot %GB%?I‘S TUTE

SHEET (RUi . E 26) 0 1 or 2; and CR")YR™)(R"), where R” and R" are mdcpendent]y sclected from
methyl! and ethyl, and R" is selected from H, OH, lower alkyl, aryl, and (CH,),-O-W',
10 wherenis 0, 1, 2, or 3. In the above formulae, W' is R? or C(O)R?, where R’ is
preferably C,-C, alkyl optionally substituted with one or two methoxy groups.
Especially preferred species of compounds represented by the above formula

(I-a) are the following:

QCHa o
o]
OCH,3 \[]/\OCH3
Nj 0
0” "N

H ~
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WO 001 04020 1 ? JAN 2003 PCT' /US99/ 15965 After this tinme, acetic anhydride
.(0.65 n., 6.9 mvol) was added, and the reaction was refluxe 2orm

Fl ash chr omat ogr aphi c urification of the residue (20% Et QAd/ e»J

Conmpound 8 (1. 23”‘8“0’09’@/oy| eld) as a clear oil. Rf = 0.75 (50%F/US9915965

Et OAcl hexanes), 0.b6; "HNWR s 1.75 - 2.05 (m 6H), 2.84 - 2.89 (m 2H),
3.83 (s, 53H, 4.04 - 4.10 (m 2H), 4.90 (brs, 2H, 5.16 (s, 2H), 6.78 -
G 83 (m 2H), 7.05 {dd, §Heoch,= 7.5, 1.6), 7.13 - 7.20 (m 1H), 7.33 - 7.4l
(m SH). 2-Hvdroxv-3-!2- met hoxv- phenvl | -ethyl .]-a_oxo-3

9-di aza- bi cvcl o[ 3 rfEH9car boxvl i ¢ acid benzvl ester (Conmpound 9)
1/Z ~N O N~~ON 9 ~~ _ , 10

: 3-[ 2-(2- Met hoxy-p ))-ethyl) 2, 4- di oxo- 3, 9-di aza- bi cycl 0[ 3. 3.1

. ] nonane-9car boxylic acid benzyl ester {Conpound 8, 0.77g, 1.82 mmol) was
18 mL). The m xture was cooled to 0C, and NaBH4

stirred for 10 m nutes then carefully quenched with water. MeOH was
removed under reduced pressure,.-and the 15 residue was extracted with

Et OAc. The conbi ned organic | ayers were washed with 10%citric acid (5 n),
‘water (5 nL), saturated NaHCO3 (5 nlL), and brine (5 nL), and finally passed
_over a short plug of RgRS6Hy préfeered specenbscongioand\iaReeRtEsy the agévédolmmiippound
=:9- (0 65 g, - 83% e L ﬁ??l |sorrers) as a clear oil, which was of

é PIPYMEs advanced to the next step without further

: pur| fication. Kf 0.5 20 (50% Et OAc/ hexames)ocr@orrpound 10 Owe 29 o~ =~
- ~~~ 2003 WO 00l 04020 PCTI U899115965

% ' Y. QC@p 1

d| ssol ved in CH2C1, pek el ed| t g o Tl’lf| uor oaget i
0.59 nm., 7.64 mmol) , and thE'Nedction was stifre
overni ght. The 5 sojvght gwas rermved u reduced pres§s
residue was dissolyed i h Et OAc {10 m.)
brine (10 nl). Th& orNganl c layer was dri

hexanes) to afford Conppound 10 (0.54 g, 87% single diastereoper) as a

clear oil. Rf 0.30 ( it OAc/ hexanes) ; NVR: S 1.69 - .. 10 (m
6H),” 2. 72 - 3}0(m 3 3.83 ~, 3H); 4. - 5.27 (m 6H), '3 - 6.85
{m ?H, - - ~7.03 - 7.34 (m 6H) Compound 11 Adduct 10 (0.26 g: 0.64

mmol ) was dissolved in MeOH (5 nL), and palladium 15 (10% on activated
carbon (0.05 g) was added. J:-,%/dr ogen was applied via balloon for 1 hour. The
i *t@orgd throughoco acted Celite, and the
rator to give Conpound 11
(0.13 g, 769 as a thicj G h iciently good quality to be
.-advanced to the nex r W thout fur perification. 20 Com ~ound 12 30
A:W0-00104020 ~17 JA- oPCTNS991i 596 %@uct 11 (0.13 g, 0.48 mml) and
"20x0345tr|me5 \—0.14 g, 0.57 mmol) were dissol ved
in CHC Z (5 nL), and the solution was &ooled to OC. HOBt {0.08 g, 0.57
rnnot) was added, folNowed by EDC~HCI (0.J11 g, 0.57 mmol) and TEA (0.08 ni,
0.57 mmol ). The reactipbn was allowed to rieach room5 tenperature and the
solution was stirred fon, 6 hours The vol ati\l es were renoved under reduced
" pressure, the residue 3 di ssol ved in Et Qgc~and washed with 10%citric
acid solution {10 niL)) owed by water ( yl.), saturated aqueous NaHCO3
(10 m.), and brine (10 The copbi ned ofganhi ¢ laayers were dried over
Na2S04, and were then concentrated. Flash chronatographic purification of
the residue (30% 10 Et QAc/ hexanes) gave Conpound 12 as a yellow oil (0.19
g, 83%. Rf = 0.42 (450%

12
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Et OAc/ hexanes); IR 2941, 2838, 1645, 1584, 1502, 1453, 1329, 126S, 11~
1128, 10?4, 1003, 734 crri'; IHNWR (major rotaner): 8 |
270-320(m2 3.52 (s, 3H)) 3.68 - 3.90 (m 9H), 48@67%}‘@2[]
OH)) 4.94 - 5. CHOPM ) 5 21 (s, 1H), 5.75 (s,~1H), 6.23PCHUSI6) =
7.5), 6.36 - 6.46 (m 1H), 6.66 (s, 1H), 6.80 (s, 15 1H)) 7.26 - 7.31 (m
1H); HRVS (\~l +Na+): expected 517.1951, observed 517.1951. Schene 3:

Conmpounds such as Conpound 35 be and ot her rel ated conmpounds as _ shown
in Table 1 rnay be pre eneral method of Scheme 3, where Z is a
suitabl e protecting grqu ol ni t rogen, such as benzyl oxycarbonyl. Me HZ
'1A}> I\/bOOHOOC(~COO—| o0~2~~pp-~142~2C
90C 1 hr.

MeO~0 ACpO ~ AcZO N Hz
D~oxane D~o~ne PdlI C . HOHT 99'/. From ~ 3 TEA, CH zCl; 16
TS% 20 2 4-Di'oxo-3-14-w Rutvl 1 -3 9-di aza-bicvclo~3 3 1 ]nonane-9-car boxvl ~
acid benzvi .ester conpound 13l 31 ..,> WO 001 04020 ~17 JAN el03
PCT/ LJS99115965 ~Z N~ O i 13 [3.3.1)Anhydride 2 (0.54 g, 1.89 mol,
prepared from Conmpound 1) was dissolved in 1 mL of di oxane.
4- Phenyl but yl am ne (0. 28 g,9 mmol ) was added - -- fromthe top. The

\

m xture was stirred at roo yperature for 1 hour. After this tine, ~
acetic anhydride (0.62 nL, 38 mmol ) was added, and the reaction was
~reftuxed for 5. . - hours. The di oxane was evaporated, and flash
~ghr-omat ogr aphi ¢ purification of the residue (40% Et OAcl hexanes) gave
~Conpound 13 (0. 7S g, THS%ob&ind) of$heainG&tidh| £SintifideC agﬁalceuueil —ach 1 40%
Et CAc/ hexanes); IR 2935 2863, 17%0 1688, 1430, 1341, - 256, 1

| 26, 1096, 1069, dejiygfivey; 9§ compgunds (gt N forgula f) ang (bl). ( Mmaczmei“}'{t 10
2H, ] 6.9), 53. iRedtdble ddtivatdve™ &n&}& aﬁpr@@u&sphaﬁﬁccutéal§4a&l$e nfeldbolité,- 314

7. 37 (m 10H). 3-(a-Phenv| butvl]| - i aza-bicvcl o[ 3 1] nonane- 2. 4-di one (
..onpound | 47 NH phagmaceutigally qcceptable sa.lt -ester, salt of such ester or hydrate of a compound of

2, 4- Di oxo- 3- (4- | 5 2 e
Bl sl i Sfagis Vs YA IEBE SR

" nL), and 15 10% piicilyen indiresthy wemnsatce@p@mdb@mm( Dvehfory pr avmstabadid eagidutiodr ogen
~was applied via baklPaRreber j.ﬂ;g Y HAer tered
t hrough conpact eg CI ?{gree .an R %mhl %@%ﬁﬁ%@g&@g{,% g\ﬁ&\?%gg%nr{eﬂ)t ary

"~ evaporator tdOgi V@HWWH 14 (0.36 g, 92% as a thick 0|I whi ch was of
sufficiently good qu t e . 04020

PCTI US99/ 15965 t he nzli?il3 %?Eﬁ““?f?ﬁg‘?f?‘“? 3 EW?H c?]ft éem&g%m‘&%

'9- f Oxo- (3. 4. 5- t r cereobitisnsphie thel fonac@tgﬂa}m&m(taWem;btamwtsl - Such salts are

9 Gazablcyel of ol AO0EPGRR A6 NE SRR Sl Syt 14

0.42 g, 1.47 mmlirycludmdc@ai@x@;@m algirtate] mmahamybdmmd, deethesulfonite] l@éhlﬁ& g,

1. 47 mol he sol ut led t
oc Heet (0. 91 g eiBRlereinliEe Sl ol ppdt Gsloey e {8t 1. 54

..ol ) and TEA (OdchC)gsuLfﬁxe47eﬂﬁnﬁmllf)mat€l' heuneag] i gacowgﬁanaité ovgeﬁcxbﬂm&;ﬂafeh room
it errperature and stirr The volatiles were renmpved using
* a¥Ri gh- vacuum ro?x l@Va%‘S‘?t?;ﬂoS? %el’ﬁgc’afe zklyﬂfféhl% ydeeuemyidy Pigroe d@&cqand
washed with 10% aidreiyethabulfornt, Uaitee hilatdlhethinedulrowrd 2 Bphimlcaesulfdterl ) ,

sat urated NaHC03 (10 nl), and brine (10 nL). The conbi ned organic, | ayers
were dried over RE2E3% talatte rRFMOAfrc @RTNAe Persifais h3-BRMYARPIRY A pRICEE,
punfication aofo tfp&alaﬁsp&g@nétso%cahmc{ah@s@mlyagﬁy% %adunagcaﬂo'iteas a
pal e-yellow solid (0.25 g, 34% one isoner). 103C; - 0.32 (50%
Et OAc/ hexanes) ; Eﬁm@%gue%‘@(?ml&d%“g)‘ml‘msa“i a&me!I?SS@‘S 52‘3033 so WE&“ 14186,
1361, 1337, 1243 poddhi sald Akatshae 9 5019 e é@%aﬁmand M&{Bn(s

rotamer): s 1.s6 - 4 ( ) ) 261- 266(m
2H)) 3.80 - 3.8S wefﬂhor@mc basesgsu sas loh%ylsmu(emlss, h&mgtyuy@ glgcosasning saltyd) |
7.14 - 7.29 (m 7H); HRVB (MrH-): expected 20 S09.2288, observed 509.2275;
EA: ical cul ated, C (66.13), H(b.34), N(S.51); found, C (66.00, H (6. 37)
N (5 S0) . Scheme 4: Schene 4 is useful for 3preparl ng corrpounds of the R
formula 18 and simlar conpounds as listed in Table 1 (e.g., by varying the
aryl met hyl brom de reagent used.in




33 . WD 00104020 the f rst step). NOw O-H M0 16 . sr~n~ ---~ N H, SO
NaH.DMF p N Ove ArJ Ma0 17 17 J,~ N Q03 PC f1US99/ 15965 5 ﬁn?f\g} 2{]033

R' R* R5, R6, and R~ are each |ndependently H or any suitable substltuent
linked to the riwgosmud®: through O N) C, or S. Z in the foronusensbove is
a protecting group, such as benzyl oxycarbonyi. Conpound 16.is reacted with
an aryl -substituted brononethane in the presence o f sodium hydride and DV
to give Conpound i sa(ﬁ@rm&uﬁqn(;lmﬂ§sﬁcn@§] afoﬁ%tﬁxq Y\Au'%eh ,4190 She bl derdtehd L O
produce a conpound of the fornula 18. npounds o ornmula 18 are converted
to conpounds of f&PTHRIPIAE gloups)cape ‘l“éﬁ‘?ﬁ%eﬁ&“bﬁlwbégﬂﬂtsﬁg loweruapkyihatifeg., suo

the resulting progisad o h RROB A r ( 4y 0 17
JAN 2D03 f_ PCTI US9913 gchema SC%H%E O %csl\%lil)lﬁgtge’ M%Qﬂ%gN ~ ~
COOH rv ' COOVe z2pdwpedy dletfzyl,u dibutyfvd-digrd sulfayPlofig-cifinGialides NuBGEMscylet uant

~Z0 OYi ~ | COOIyE @aubl (iydlstyR sty él%e@b%&@gesgﬁ.h%lgg%arégg%ﬁ& dkg‘

~COOMe HN COOWe @ V::.-:1:.

(, >t ecF. NVM Pa~_ 35%@4%@1911@31934 bromfigtsu SN aerOveoiNolBIEHr disidiblé pl@ﬁi@sﬁ rﬁﬂy zZ~Z
ﬁz glgaavéaq) N eli, EECP%VE suchzal® HN- MPHp N O ~ ~ NOweMOH . _li~p

In addition, the compounds of the invention may be modified by appending

appropriate functionalities to enhance selective biological properties.  Such

10  modifications, which are within the purview of the ordinarily skilled artisan, include
those increasing biological penetration into a given biological system (e.g., blood,
lymphatic system, central nervous system), increasing oral availability, increasing
solubility to allow administration by injection, altering metabolism, and altering rate of
excretion.

15 Some of the compounds described herein contain one or more centers of
asymmetry and may thus give rise to enantiomers, diastereoisomers, rotamers, and
other stereoisomeric forms. The present invention is meant to include all such possible
stereoisomers as well as their racemic and optically pure forms. Optically active (R)
and (S) 1somers may be prepared using chiral synthons or chiral reagents, or resolved

20  using conventional techniques. When the compounds described herein contain olefinic
double bonds, they are intended to include both E and Z geometric isomers.
Furthermore, the present invention is meant to include all such possible rotamers,
particularly those having different orientations around the bond as follows:

_.::"’ 0

| ™

O
25 Moreover, the chemical formulae referred to herein may exhibit the

phenomenon of tautomerism. As the formulae drawings within this specification can
only represent one of the possible tautomeric forms, it should be understood that the

invention encompasses any tautomeric form that can be generated by employing the

14 T SR R



- _ - 27Z- O® p - - p N~ EDC. HO9t ~e COO -r OVEZBZOVEhianbﬁ 30
- O MeCH Various Forrmula | Conpounds - The final coupling st b?mdAnN Qégent
of formula (1V), converts Conpound 31 . . into the desired conpound of
formula (1-a). THPSYYBXene is particularly useful to S prodRE®UE¥APOUNS
such as those identified in Table 1 below. 35 ._ SUBSTf TUf'E SHEET (RULE
26) W O 00109020 Schene 6: 17 JA N 2003 PCTNS99J15965 Schene 6 is useful
for preparing Conpolsrdisclossi canula sbdvar merekrnteds o Hacid €S argSons avdmerin fdabl e 1.
ACpO Z MeCH ~ -2e - -~ MeOOC N COCH HOOC N COOH e~~ N,
Me0OC~~OMe Z O-O Sgpﬁ%%‘gﬂ‘%z 232 233 ~Si hAe3~ 0s04- NWWD Me0OC f

~Ti Ct 4J Z acet one SWNTEEFICMEFIODS7Y8 OC TMOF | T50° M-OC~~Ove Ag~ NaCH 95

C, 5h'237 Boc H ~ ~~ PP'QL'S I0 tﬁ‘?l lflggg Ba%%& 1, 4M HCUdi oxane - N~~~QOVk 80 90
C H21 Pd-C 0. ~~ 2 M ~ 0-F"ROUBP Sk SR LTREG Urp) 381 bonrepaiad o qaeponds fipsilis oy a1 z
H ~ Ag Nat04 J5 M HO MeOOC~~ ~ MeOOC~ Z fghur@ry: Z 235 236 Ale ~NHy HOOC N
Owve .
.
07 "N "X
Y (I

In formula (III), R" is selected from hydrogen and optionally substituted alkyl, -
0 o
l I

~C(CH),R*® ~CO(CH,),R*
alkenyl, aryl, cycloalkyl, cycloalkenyl, ’LLI 2k , and ’lll (CHizk

, where
qis 0 or 1, and R* is an alkyl or aryl group unsubstituted or substituted with one or
10 more substituents independently selected from hydroxyl, C,-C, alkyl, C,-C, alkenyl,
C,-C, alkyloxy, C,-C, alkenyloxy, benzyloxy, phenoxy, and phenyl. X is hydrogen,
cyano, C,-C, alkyloxy, dimethoxymethyl, or oxygen, where when X is oxygen, the
bond connecting X to the ring carbon atom is a double bond; and Y is hydrogen, an
alkyl, alkenyl, or cycloalkyl group unsubstituted or substituted with one or more
15  substituents independently selected from alkyl, aryl, alkoxy, hydroxyalkyl, aryloxy,
alkenyloxy, and hydroxy groups unsubstituted or substituted with one or more
substituents independently selected from hydroxyl, C,-C; alkyl, C,-C; alkenyl, C,-C,
alkyloxy, C,-C, alkenyloxy, benzyloxy, phenoxy, and phenyl, (CH,_),,—O-WZ, or (CH,),-
N-W?, where pis 0, 1, or 2, and W* is R? or C(O)R?, with R’ being an alkyl, alkenyl, or
20  aryl group unsubstituted or substituted with one or more substituents independently
selected from alkyl, aryl, and alkoxy. Altematively, X and Y, together with the carbon

ring atom 2nd nitrogen heteroatom to which they are respectively bonded, form a 5- to

7-membered saturated or unsaturated heterocyclic ring unsubstituted or substituted
with one or more substituents J, K, and L; where J, K, and L represent substituents
25  independently selected from oxygen, and C,-C, cycloalkyl and C,-C, alkyl groups

unsubstituted or substituted with one or more substituents independently selected from

VL oer 5. N



Z EDC HCI 238 Host cH2cl~ 5 Piperidine-1 ~ 6-tricarboxvlic j d I
ester 2-nethyl ester ~Com-ound 2321 1%7 JANb?Dﬁﬁ

. 2, 4-Di oxo- 3-oxa-9-aza- b>cycl o[ 3. 3. 1] nonane- 9- car boxyl i c acid benzyl ester
" (Coripound 2, 10 YO %4281 nmpi) was dissol ved in methanol ( 5CPGHUSY S
reaction mxture was stirred at roomtenperature for 2 hours. The MeOH was
evaporated to afford Conpound 232 (10 g) 96% . Rf = 0.47 (10% MeOH CH2C12).
The material was 5]3Cswpmleﬁﬁm%yg%@omhwahnydmﬂb@ynhsradt drrwheled amég
reacti on w thout igcat 2- di v cid
1-be—7zv| ester 2- ﬁi\e@{%th{r ;&ﬁledslﬁgrrlyl G (%/Eﬁéﬂggﬁ\élt%f cg%[lbsq u?e% ith on%i ot éégg&sldu&t?

6- Met hoxy- pi peri dindependeptlyy @&P%x%mc meegiody. 1 tifuvzophetiedt eniﬂ@mmtﬂow, esd er

(Conpound 232, 10 |n nmet hano 1
Sodi um 15 net hOXI L’lbsgtéln’ln%? }ngglg)lo)r%h nrﬁil"q%"r rﬁ’ﬁyg%gmﬁa‘:&e boﬂ\ 0(53 1 aﬁ%
current (using3pl atdepradeney @mcte(b@em}halwéerOhSdréxyI\ﬁaozappj iced, hlkyl, C,-Obalteayl; S,
using a total of Ab%? /r;CDI Jh(ﬁfﬁg&)pao na l?va or at ed. Fas?
chr omat ogr aphi ¢ pli it OAr Yo G RE el ’5&8’“(1’ O ARIPHRY RREY gave
Compound 233 (9.14 g, 95%. Rf= 0.9 (10% MeOH CH2@ 2). 6- Al1lv1-nineridne-1
?-d~carboxvlic acid 1-benzvl ester 2-nethyl ester~|hnoundi’ 2341 36 17 JA~f
-203 WO 001 04020 PCT/ L1S99/ 15965 6- Met hoxy- pi pend-q@CZKCl’z"z)qﬂ ‘carboxylic aC| d
~.1-benzyl ester 2-nethyl 28t ?m? Mg‘ﬂﬁ’ﬂ Z%fg i51.04 g, 3.39 mfAry Rielerably
550l ved in CH2Cib2nzfld®ycitbdnyl.and t he sol ution was cooled to -78C using dry
“YpEeiacetone bath. 1 MTJTiCl, solution in CH2C12_(3.7 nL) was_added 5

dropwi se over a 1- mi nUfReGHY profeTed BfWWéBfWPQWWPW‘Fm‘N?K@NSane (1.61 ni,

».10.14 mol ). The bat s change vvater t he reactiopm xture was
stirred for 2 hours.| The reactlo xture wags p fired into Hrine (50 mM) and

" extracted wth CHC1 x 50 nL) e conbin rgani c | ay wer e washed
"W th saturated Na ution Meand & Ty dried Na2S04. The
_.sol vent was evaporate and t he 10 SI due was ur|f| ed by flash

chromat ography {1:5 Et cI hexanes) 0 give Corrp und 234 (0.9179, 84%. Rf=
0.78 (1:2 EtOAc/ hexanes)] Q.3-Dih
dr oxv- propel ) - pi peri dt . 2-di car bq
ester | Conound 235) 6-All i-pi peri di
.2-net hyl esterl0l5 (Conpo nd 234) 0. 08

ic acid nzvl ester 2:wethvi
1, 2-dica ylic acid 1\bdnzyl ester
g, 0.2 wagnddi ssol V

aetone (2 71 antnten (0 55 Pl YRRl Sid 00 (0, o0 . 0,50

m xture reacti on Wesukt@Meard at room tenperature for 14 hours. Sodi um
pyrosulfate (0.3 g) in water (1 nmL) was added with stirring, and the

. resul tant sol ution S)Ytiltered t Celite and washed wi th ethanol 20

. (10.nm.). The solven re renoved~gy the residue was™udrified by fl ash

. columm chromat ogr a 100% Et N afford Cbnpo nd 235 (0.086 g, 89%
~as-a nmixture of isonarsP. Rf = 0°2121an8™0.06 (2:1 EfOAC| hexanes).

" b-h-Oxo-eth 11-oi ~eridiine-1 2-dicarbd}, vlic acid 1% er ~-nethyl

-er ( Conpound 236) M2 3- Di hy OMeopyl ) - pi peli di , 2-di car boxyhc
“acid 1-benzyl ester 2 nd hyl ester ({Qompound 235, 0.61%7 .75 nmmol ) was
di ssol ved m Et 20 (20 and cool ed to O-C. Temndercent Nat@4 aquaaasm
solution (4 nl) ded an react stirred.fo The
reaction nlxturemaﬁgwgo n?gngrﬁﬁg ﬁgeﬁff %ﬂ@°8%¥?5%%§’ ﬁﬁSEFZO (3 X
20 nlL). The conbi ned organlc | ayer was further washed with aqueous NaS203 (
10 m.), 30 NaHCO3 saturated solution (10 nL), brine (10 nL) and finally
dried over MgSO4. The 37 WD 001 04020 1 ~ ~ p, N 2003 PCT/ US99/ 15965
sol'vents were renoved to afford Conpound 23G (0.53 g, 95% Rf = 0.67 (1:1
JEt OAcl hexanes). The material was of sufficiently good quality to be used m
t he next reaction wthout purification.

~2. 2-Di met hoxv- et hvl | - pi peri di ne-12-di-carboxvlic acid 1-benzvl ester
~-methyl 5 ester (Cbnpdund'237)'6-(2-Cko-ethy|)-piperidine-1,2-dicarboxylic
acid |-benzyl ester. 2:meldyl-estel(Gonpounds 236, 0.4 g, 1.25 nmol),
trinei hyl orthofornate (5 nL) and ptol uenesul fonic aC|d nonohydrate (0.03
'g) were conbined, and the reaction mixture was stirred at room tenperature
for 12 hours. Aqueous NaHC03 (25 nlL) was added 10and the reaction was
extracted with CHO 3 (3 x 100 nL). The conbi ned organic |ayer-~ was dried
over MgS0O4 and concentrated. The residue was purified by

fl ashchr omat ography (1:2 Et OAc/ hexanes) to afford Conpound 237 (0.44i g,
96% . RfF=0.75 ( 1:1 Et QAc/ hexanes).-2-(2

~- Di met hoxv- et hyl ) - 6- phenet hvl car banovl - pi peri di ne- 1-carboxylic acid

benzvl 15est er onpound

23 6-(2,2-D nethoxy ethyl) plperldlne 1, 2- dtcarboxyllc acid 1- benzyl ester
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2- (2, 2-D met hoxy- et hyl ) - 6- phenet hyl car bat noyl - pi peri di ne- 1+ c?rg I (ﬂ]aaci d
benzyl ester (C%Q&Hfbgo 239, 0.297g, 0.65mv1) was dissolved In ng_ e ( 15
m), and the flask " waS imersed in a 80C oil bath. Pyridi nifﬁﬁ“ﬁ-%@ uene

sul fonate (0.0120 g, 0.05 nrnol) was added and the reaction was stirred at
80C for 2 hours. 5 After this rine, the reaction was cool ed down and the
precipitate fornmed ved by filtr .2z The tol uene was evapor at ed
and the residue was [di g$0l ved i n di oxang_( mL). N-(tert-Butoxycarbonyl
anhydride (0.28 g, A ¥1[{mmol onnd, pal | a i &m{10% %Q'eacti vated carbon (0.1 Q)
wer e added. Hydr n ?as led Via frNap us and reaction was shaken
at 50 psi for 12 hours. The bl ack suspensijon s then filtered |0 through
conpacted Celite, and di ¥&ne -was igg&y . Mk@sh chromat ographizﬁ :
purification of .the residue ( 1:2 Et OAc/ hexanes) gave Conff6uhd 240 (*0. 211
g, 90% . Rf=0.31 yehzyBiidaAohylexanes) .

~2- Ox0- 3- phenet hyl - | . 10-.di aza- bj | 0~4.3,1 dec-10-vl)-2-13.4.5-trimethoxv-
_ phenvl | -et hane-gi‘fggr@f%%g?"(%‘ﬁiﬂgmﬁoni@gf‘dsf?? selected from:

2- Oxo- 3- phenet hyl - 3, 10- di aza- bj cycl o[ 4. 3. 1) decane -garboxylic acid
“tert-butyl ester (Conpound 240, 10.204 g, 0.56 |) svas di ssol ved m 4M HC

. in dioxane {3 n.), and the s y@as stirred Nfjoom f enper at ur e for 1
#your. The sol vent was renp Re resi,due @éas MWi Ssegfved in CHCL3 (50
L), washed with saturated” NaHCO3| sol ution, dried pver S04 and’
concentrated to afford a i sadmt (0.142 g) 0.5~ ? , Whi ch was

. di ssolved in 20 CH2CL2 (10 nL). 3, 3-Di et hyl -2-ox09péﬂ|_‘[@i_%Maci d (0.131 g)
0.54 mmol ), EDCHO (0.126 g, 0.66 nmol) and 4- DVAP (0. g) 0.66 mmmol)
wer e added, and the reaction was stirred at roomtenperature for 18 hours.
The volatiles were renoved  at a hi gh-vacuum evaporator) and the residue was

di ssol ved in Et OAC and Shed with water (10 M))aﬁﬂﬂ solution (20 nli),
d
0

saturated NaHCO03 (20 nli)la brine (20 nmL.). The conhi organic 25 | ayers
were dried over Na2S04, lafdlwere co
purification of the résidge X QAc/ hexanes) gave i pal npound 159
(0.120 g, 45%vyield). R =0 A1 Et &G exanes) . SlEge Conmpound 162
and |ike conpounds nay be poepared as described below."39 wo oo-oao~0 ~ 7
~~ ~1 ~~n~ PCT/US99115965 Qw ~ ~(~ H~H~Me 1) H=Pd. C | ~1 MeOH N~HOOC N

OMe- - - - 1 NOMeZ 2381hMeBt shenzytpxyspybopipcCl, NaHCO ~CH Ct 242di oxane n 4MeFnoe
t00 dCt 5 A~ t Nad\/@ghﬁgﬁ@/g - 0 OEDC
HGHOHI CHZGZ 2-1 2. ?- Di net hoxv- eﬁ%ﬁ?ﬂygﬁgﬁ@k‘#\% g%%{}/gpfg%gm o

ovl | _pi neri di ne- 1beceeptsazkurder radycingisenitions mivtcompqua@isgs therform@eX[II-b).

oRtrated. Fl ogonghi ¢

6- (2, 2- Di met hoxy-et hyl ) -pi peridi ne-1, ?-di carboxylic acid ~ |-benzyl ester S

(Compound 238, | g, 2.85 mml) and 4-phenyl butyl amne (0.51 g, 3.42 mol)

wer e dissolved in CHCL FhL). HOBt (0.462 9\342 mol) was added
__followed by EDCHC (0.695 3.42 mmol ). The reacyfon was stirred at room
#temperature for 12 hourd. turated NaHCO3 (25 was added and the

reacti on was extractedy ~x . CHC13 (? x ~xThe comnbi ned organic

| ayers were dried over Na?“,SO4, amﬂ then _ 10 cor¢:entrat ed. Flash

chr omat ogr aphi ¢ purification of ® residue (1:1 = O@tﬁexanes) gave
Conpound 242 (0 1. 89fbrGulacddiNa), BF issdhcd foln aptigﬁam%mmeﬁﬂyl, alkenyl, aryl,

2- (2. 2-Di net hoxv-et hyl (-6-f4-nhenYl -butvl ca a y~, Zp~peri di ne-1-carbox, ~iic
acid 9H-fluoren-9-vl methvl ester ~poﬁnd 2431 0

~C(CH,).R® . CO(CH,),R%®
L /‘_Ll 20 and /‘-Ll (CHz)q

i cycloalkyl, cycloalkeny , where qis 0 or 1,

and R*is an alkyl or aryl group unsubstituted or substituted with one or more

17



acid 15 benzyl ester (Conpound 242, 0.887 g, |.83 mml) vva‘* 21|$A<N
nmet hanol (50 niL). - | ladium ( 10% on activated carbon (
added. Hydr ogen)w\/Vao§’°§§’pl ied via Parr apparatus, and the rea%fl osrzgg/\%égashaken
at 50 psi for 15 hours. The bl ack suspension was then filtered through

. conpacted Celite, and nefhano] s . removed. The residue wa | ssolved in
di oxane (25 ni). SERSH{UES @Hiﬂe?fjéf‘q{\gfde&ﬁggﬁpﬁ‘f B C('@_? Alirgl G;‘aﬁg Vil was
added, 20 fol | owegkykyy, NdCQ&ehy3o:30Fendylox, fi&ndTYDhad kS Olnvieshuld? (Wak)eind ( 7

.m). The reaction was_stirred at roomtenperature for 10 hours %oured into
i ce and S% hHs04 @hPKianh Y amar defingd B farmalad)- wiiorelErecarpopnd of thpraply

Fl ash chronat ogr apky, ¢ cfttouhid 66thé @mak (1) & 8SipHdeilnls Lnffo@RCéhEx anash gave
Compound 243 (I .050 g, 100%9. Rf = 0.59 ( I :1 EtOAcl hexanes).
2- Ox0- 3- f 4- ~~hen. @YX but vl | - 3.1 0- di aza- bi cy~(4 ~ t | dec-4-ene-10-carboxylic

2-(?.2-D net hoxy-et hyl)-6-(4-phenyl - butyl car banoyl ) - pi peri dne- 1- carz_ﬁJ lic
2003 n
S

acid 9H _ . ,. 44 _ . | wo 00i o4aao @7 JAN 2003 PCT/ US99115965
fl uoren-9-vl nethvl ester Conmpound 2441
2- (2, 2- D met hoxy- et hyl) -6-(4- phenyl - bt noyl ) - pt peri dnme- 1- car boxyl i c

acid 9H-fluoren-9-yl methyl ester (Conpound 243, 1 g, 1.75 nmmol) was
di ssolved mtoluene (25 m). Pyndm um p-to uend™ul f onat e (0.02 g, 0.08
_ rmpl.) was added apdotdiR VAT RS iStonfiied-3t 100C for 2 hours. After
hi:s time the reaction was cool| ed down, the toluene was - ' evaporated and
- 4#He: resi due was di ssolCgBaeynts o oty @H-p) may by etepard psingatomPaeiy °Adisco3
_solution (25 nlL) apgusiied over Na2S04. Fl ash chromat ographic purification
‘of ‘the residue ( 1:2 Et OAcl hexanes) gave Conpound 244 (0.770 g, 87%. Rf =
0.5 ( 1:2 Et OAc/ hexanes). 1-f~-Oxo-3-, (4<phenyl-butvll-3 10-di aza-bicxc~4 3
1] I dec-4-en-10-vll-~13 4 5 10 tri met hoxy-Aen~~-et hane-1 ~-di one ~~~mound
1621 - ~ ' 2-Oxo0-3-(4-phenyl-butyl)-3, 30-d{ aza-bicyclo[4.3.1
Jdec- 4- ene-10-carboxylic acid 9H flgor%n-c!)-yl nmet hyl ester (Conpound 244,
0.740 g, 1.4610mol) was dissolved in nethanol (15 nL), and 1 N NaOwe
solution in nethanol (2.5 n) wag, added. The reaction Was stirred at room
‘tenperature for 2 hours. The vol Fi | es were renoved and the product was
extracted 15 with CHC13, dried oﬁgﬁ(c A804 and concentrated to a white
.precipitate, which MﬁﬁxlﬁdﬂS,SZDisV’e‘_b in IC13 whdBinli} 0 or 1, and R is an alkyl or aryl

3, 3-Di net hyl - 2- oxo- pentanojc acid (0. 14i 0. 58 nmol HOBt . 08 0. 58

mol ), EDCHCO (0. Effgp gios ?‘%@e‘ﬁﬁbﬁjﬂgs“ %‘I‘%& 6. Y8B% %“bﬁft‘ggtsné?g‘ff’)e" e9“?”6

added, and the readicted roaydkyl)C o0 dlityl,/ Q@ Ll ar, &, UkplokQIC, L8 alkenyisxy, The

vol atiles were renoved using a hi h-vacutym evaporator, and the residue was

di ssol ved in Et OACTEHEXBRERAS- HdtAReny! JRyetersbly o7 tsbereyioxyds®ilut i on (10 ni),

foll owed by water (10 (fgﬂ)pouxﬁi@t)ﬂfoarhﬂﬁl(WH@Q%C%&Q&Q&—EOI@%&Uuh&Q}f@&QuM) The
* conbi ned organic |ayers were dried over Na2S04, and were concentrat ed.

Fl ash chr omat ogr aphmethedsianglogons todbese feserhsd poypdue ( 1: 1 Et OAc/ hexanes) gave
_ Compound 162 (0.122 g, 50% . Rf (1:1 Et©AC/ hexanes): 0.122. Bl OCHEM CAL AND
“:BI"ELOG CAL ASSAYS: 25 A variety of assfys d techni ques nmay be enployed to
get®rmne the activities of the conpou f fdhe present invention. The

activity of a conpound of the inventi or/ stimulation of neurite
~outgrowth is directly relaxed to its®bi affinity for FKBP 12 and its

ability to inhibit FKBP 12 rotamase actiWit¥. In qwyer to quantify these

" latter properties) assays kn inth t r nmeasuri | i d_bi ndi ng and -
- . 30 enzyme acti Vi tyél%/f%%?u %v(\)g%{}g “&WM@L\‘%&‘P&“&? ylg 8’3’% ‘gglcﬁé“ﬁh te
outgrowt h are desakichfetdi@ah@treddding con@niOfliftd Oattboudds of thd ANmARQ8-b):

PCTI US99/ 15965 For exanpl e, conpounds nmay be tested to determine their
neurotrophic activity using the nmethod described by Lyons et al., Proc.
Natl. Acad. Sct., 91:3191-319 ~ (1994). In this rat pheochronocytonma assay
for neuriie outgromh, PCl2 rat pheochronocytoma cells are maintained at

- 37C and 5% CO, in Dul becco's nodified .5 Eagle's nmedi um (DMEM suppl ement ed
with 10% heat -i nacti vated horse serum and 5% heat-inactivated fetal bovi'ng ™
serum Cells are then plated, coated at 105 per 35 mmculture well with rat
tail collagen at 5 ng/cm, and allowed to attach. Mediumis then replaced

“wth DVEM suppl enented with 2% horse serum 1 % fetal bovine serum nerve
grow h factor (NGF), and/or varying concentrations of test conpounds. The
10 control cultures are administered NGF without any of the test conpounds.
Anot her exenplary nethod that nay be used for neasuring potency for
stinulation of neurite outgrowh is the rat dorsal root ganglia assay. In
this assay, dorsal root ganglia are dissected from 16-day-old
Sprague-Dawl ey rat enbryos. The sensory ganglia are then cultured in
col | agen-coated 35 mm Fal con dishes with N2 15 nedi um (DVEMhi aml's F, Z,

o, N~ o A PN 7 PN~ o . —— N I T Y | L




W O 00l 04020 17 JA N 20Q@3 PCTNS99It S965 pM phosphoryl ated R~, peptide, 20
nM human reconbi nant cal crneurin, 40 nMal nodulin, 10 pgl rxr!L-’ ggm‘geymao

- ri bonucl eosi de phosphoryl ase, and 200 p. Mret hyl t hi oguanosi ¢ ed
by Etzkorn et amwogoopdes 1/ a drnet hyl sul f oxi de(DVBO) as cosoborutsyaine 100 pM
FKBP. Compounds are tested for FKBP-dependentSinhibition of cal cineurin at
their maximumsolubility. Under these conditions, the .apparent inhibition
constant for inhibition hgan recombi nant ¢ qg:url n byFKBP- FK506 i s
nmeasured to be 43 n_M Bindinfig of conpounds to KB may be neasured directly

usi ngm crocal ori netry. ngeric titrations ca;gzrled vut using the
MCS- 1 TC  10i nstrunent roCal 1Inc. Northh on, The titrations may
‘be conducted as- -fol Pows) ptein di al ysat e®i s e assed for 15 m nutes

usi ng M croCal equi prent.Y ~%tockVi®hi bitor sol Liftl oX i s(&dyled to cosol vent
(typically DVMSO) and degasseddi al ysate, followed by brief sonication, to
produce the final inhibitor solutions to beused in the titrations. Final
i nhi bitor sol utions adommuizl(¥),(énrLadi(Vedi on range 10 to 8015p. M Dial yzed
protein is added to cosol yent ;q5d ai ys FKBP12
solutions in the concentr\ait?l%ﬁ raﬁ%%%gﬁ%%?%”df] ?]E’ﬁ/l( Igé) ‘?a#%gol utions
areprepared using degassed' danaIerae eachnmda:dnﬂehulyohﬁirogde,g@m 1g-Co hlkiloey,
...Sol utions isperforned, sol v ot ei utions to
waiptain a fixed COSOFVgﬁ&OWC raP %t%égu‘aﬁ QFHéVqWFE%‘dO?“gt he
SA#fFation. Protein is ti trsatsaddaﬁmbmfor fitinblat QLY QUES) Bgd @1-bRor p. L i nj ection
'syringe. The titrations arec duct e li and in thecell dueto | ow

=-sol'ubi ity of inhibitors. °F§76 af't ﬁcﬁ?"g'lni“fﬂ“ﬁﬁ?‘y sudpifie pasfoactI gl and

i sfol l owed by fifteennfiogdn HeRfdathi 10RhidkREY aatrewtwbmohdaﬂels‘ntdngalihtérvanﬁ{oval S.
A full set of élutlon controls is copducted for each titration.
appropriate v&fune of TESHEGTY R &% 1 fsgbergd a*’é‘g‘éféds@’dmaqt‘a?%}éﬁ“é%y&hcﬁ’@duce

t he buffered cosol venunsagdtititddd? stbzfltel ihndbimore substituentsT, K2R AKEer T,

~dilution of the reactants, After correcting for the heats of dilution and
del €tionof the prelimfnddLic ech isrpenteily iSeiesied from oxessniped Catecyrlopid
using the "One Set of 5§ teslybgigh’ Kg'oﬁ'pst hﬁsu@%kﬁd\loﬁ%ﬂs\ﬁ%&a QﬁEKﬁgeorSHiBEH i ed

with the instrunent. Blndlngto F as directly neasured by

m'crocal ori metry has Bésfuensynidensedsptbel splastede|fiomyi @;I‘Csp@b'@milgb’lf gnethoxy,

i nhi bition of jthe rot 3RSEJhERAS 2@ FimeMak Y ods
known in the art (see, .%ggﬁsc errmee mehﬁ’él{rgc ‘?{rht %I op ~~spp%¥mfg

10 I'S WO 001 04020 QL7 ugsﬂbﬂmmt%ae Sﬁ@ﬁ#ﬂ@%mtnm&r?@me ®Bst(t®98491depﬁldsmtlver et

al ., Bioned. Biochim ( [ et
476-478 (1989); Si eki eéga e#g)gl '41;19?1\’3{ mﬁﬂ(ﬁﬂﬁ7 gqui@%QfW%}}tgﬁ %at ent
No. 5,696, 135; and Hadidkedgo ¢lte piienyl riigttpough @disn, ABBG0 c4ri 8@ )splfur| that takee
rotamase inhibition a a rtifici uhs t
NSuct nyl - Al a- Al o Pr o DRttt TEEUECkoR halBher B i NG, B, BHEPUIA. Erc,
spectrophot on@0ri cal | y&eﬂifh,eQaS.,sailyylwycCudesalltehv_aom serfzgloxy, pherbkye asitlos bxdat e,
FKBP12, the conpound bgl n? tested, and chynotrypsin. Chynotrypsin is able
to cIeave p- nitroanil PR&YFromthe trans formof the substrate, but not from
the icis form Rel ease Eaémplangisintbesns re desciibed MU Huskpe ptofediel embedimertcal | y.
Using this assay) rious .gnounts of the FKBP rotanmasei nhibiting conpounds
of formula (I- ?ﬂd f('alnmif)°fakfrné"eﬁtb"dled to
ci s- N-succi nyl - aI ani nerk dstiowengdéyatheAe protbesty Irérkiad iimtemi2aine cBinpduBdNardi fifl
(Bachem Q132 _~ Kashiwa Street, Torr nce CA 90505) in the presence of
FKBP12 and chyfot PypisidentfedintheweriBraps prd indhecyntbonisehemss FReAGRABERR | i ne
concentrations al bowabueshinpRnliORf e bleeonBRRAREAL is! desBbUISS detdllivSig Ahe
provided in Table_ | below Table 1 Conmpound Mol ecul ar Structure Prepn by
Nunber of Rot amas®URKRS&Famsisseb tgorrtises yrkh readiky recognizo it the gheatical reagtiops 160 o
7 ~1o0c"~ oHcI~20.02701200o0to ~d.5 0.~ 44 x .- }. L,
- WO 00104020 1 | JA |~ 2~~3 PCTI US99; 15965 Table 1 Conpound Mol ecul ar
Structure Prepn by Nunber of Rot amase Numbers Scheme No. Isoners li,,, |,
(~M 0 ~0122332"' ~~~~ -~ Taa, 0 Hc chH-120.227003300N
Ooi HC-OCH 3 1 0.206 0
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WD 00/ 04020 ~~ 7 JAN ~~n~ PCT/tJS99I 15965 Table 1 Corrpou% u;ol ec IZ{)
Structure ~ Prepn by Nunber of Rotamase Nunber ~ Schene slﬁuﬂ 03 -

AplVI) 3 1 0.44 WoboadeoN ~ ~~h 0 3 4 0.222 4~ 37 ' | 0y 3 pcPud9Pseed -
OCH OcH-120.398 0~ o-cH~ 39 OCH O NNOGCH 46 W) 00/04020 Q17
JAN 2003 PCT/ US99115965 Tabl e 1 Conpound Mol ecul ar Structure Prepn by

Nurb f Rot S e gen 1C ol e co u ol ~~
TR o o S RIS R )y OB

mmvention. When, as an artxsan wﬂl recogmze a reaction for making one compound
may not be applicable precisely as described for making certain compounds of the
invention, the artisan may readily determine that either the desired synthesis can be
5  successfully performed by making appropriate modifications in light of knowledge in
the art (e.g., by appropriate blocking of interfering or protecting groups, by substituting
other conventional reagents, or by routine modifications of reaction conditions), or that
another reaction disclosed (or analogous to that disclosed) herein or a conventional
method will be appropriate to prepare such compound. Although certain protecting

10 groups (groups that block reaction(s) with one or more inherent functional groups) are

:___ ‘ exemplified in the syntheses described below, Gther suitable protecting groups will be

o apparent to artisans depending on the functionality and particular chemistry employed.
See, e.g., Greene and Wutz, Protecting Groups in Chemical Synthesis (2* ed.), John
Wiley & Sons, NY (1991). '

15 In all synthetic processes described herein (unless otherwise indicated) the
starting materials are known, available, or may be readily prepared from known
starting materials, all temperatures are set forth in degrees Celsius, and all parts and
percentages are by weight. Reagents were purchased from commercial suppliers, such
as Aldrich Chemical Company or Lancaster Synthesis Ltd. Reagents and solvents

20  were commercial grades and were used as supplied with the following exceptions:
dichloromethane (CH,Cl,) was distilled from calcium hydride prior to use;

o tetrahydrofuran (THF) was distilled from sodium benzophenone kety! prior to use; and

methanol was dried over 4-Angstrom molecular sieves.

Flash column chromatography was performed using silica gel 60 (Merck Art
25 9385). 'H-NMR (300 MHz) spectra were measured in CDCl3 solutions and were
' determined on a Varian-300 instrument using Varian UNITYplus300 operating
software. Chemical shifts are reported in parts per million (ppm) downfield from
tetramethylsilane as the internal standard, and coupling constants are given in Hertz.
The following abbreviations are used for spin multiplicity: br = broad, s = singlet, d =

30  doublet, t = triplet, q = quartet, m = multiplet, and cm = complex multiplet. Infrared

20
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, WO 001 04020 17 JAN 2003 PCT/ L1S99/ 15965 , Tabl e 1 CorrTgng @Bar
Structure Prepn ‘88 (QMWG of Rot arnase Number Schene No ,éﬂ\{?
(p,M 01230044 NQONr~c~0! 2i.58 04j ~~ ~ ~ ~ AR

|-i~C~O~ 1 ~ O 44H 3 46 N O ~1 0ii 48 : _--: _: WD 001 04020 17 JA N 2003

PCTI US9911 S965 -IS-@EL JI oo %g Iaelgeu}ﬁl Structure Prepn by Nunber of
Rot amase Number e Ro" 58 fdsony 5-Elmap)l64q series FTTR spsetsmstergpd dre g @ 47
~ ~ 0,CH H- "0 Oreportkdlih wzﬁ'qunfBEﬂs (2m2} 1Eﬁm@nt£8ana195e§\|w]él'e1pe3fognea - A8addc49 N
N 0000~ OM%_rlglab Inc N%?cross‘G‘A chh resolution frass spectra (HRMS) were performed

by Scopps Mass Spectra Laboratory, La Jolla, CA. Melting points (mp) were

.5 detenmined on a Mel-Temp II apparatus and are uncorrected.
Unless otherwise indicated, the reactions set forth below were carried out under
a positive pressure with a balloon of nitrogen (N,) or argon (Ar) at ambient
temperature in anhydrous solvents, and the reaction flasks were fitted with rubber septa

for the introduction of substrates and reagents via syringe. Glassware was heat-dried

10 Analytical thin-layer chromatography (TLC) was performed on glass-backed silica gel
"~ 60 F 254 piates (Analtech, (;25 mm) and eluted with the appropriate solvent ratios
(v/v), which are denoted where appropriate. The reactions were assayed by TLC and
terminated as judged by the consumption of starting material. The tip plates were
visualized using an ultraviolet (EJ'V) lamp. Visualization can also be accomplished
15  using stains such as ninhydrin, ammonium molybdate, iodine (I,) chamber, or p-
anisaldehyde spray reagent or phosphomolybdic acid reagent (Aldrich Chemical, 20

wt% in ethanol) activated with heat.
Work-ups were typically done by doubling the reaction volume with the
reaction solvent or extraction solvent and then washing with the indicated aqueous
20  solutions using 25% by volume of the extraction volume (unless otherwise indicated).
Product solutions were dried over anhydrous Na, SO, prior to filtration and evaporation
of the solvents under reduced pressure on a rotary evaporator, and are noted as solvents
removed i vacuo. Flash column chromatography (Still et al., J. Org. Chem. 43:2923
(1978)) was done using silica gel 60 (Merck Art 9385):crude material ratio of about

25 20:1 to 50:1 (uniess otherwise indicated). Hydrogenolyses were performed at the

pressures indicated in the examples or at ambient pressure.
The reaction schemes outlhined below may be used to prepare the compounds of
the invention. These schemes include the steps of (in various order) protection (with a
protecting group R*?) of the bridgehead nitrogen which will bear the R' substituent in
30 the final compound of formula (I-a) or (I-b), formation of the [3.3.1] or [4.3.1]

21



I 1 7 JAN 2003 WO 001 04020 PCT/ US99/ 15965 Tabl e 1 Conpound Mol ecul ar

Structure ~ Prepn by ~ Nunber of ~ Rotanmase Nunber Schen2$ik? Rp? B | ~

o)( Hclz‘%)?o?q ~0cH 050\ NCH OHo Nc)\ . 4 0
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MD 00/ 04020 ~1 7 J A N 2003 PCTI C S99115965 Tabl e 1 Conpound Mol ecul ar
Structure Prepn by Nupber of Rotannase Nunber Schene No. Isonmers ~ |~
L(P-M 12 40% - F6*Aqerpirisis foh Mggtismalization of the piggipine Nr d4-dgpahep@ne rigs 40% o

. TE:‘ i nhi bi t i on @yt sﬁb‘stlaleﬁ:ts UM QdNX® amia GHb Sl inRoredfate” cAbmpglrQs @ Blna I 1 -

(- a) or'(V a) rcspectlvely

R.,Z R32
4. A
r;l X O N
| .
5 Y (I11-2) Y X' (V)

Such compounds of formula (III-a) and (V-a) are converted to compounds of

__formula (I-a) and (I-b) respectively by:

(1)  removing the protecting group R* under suitable reducing conditions (such

conditions generally being readily discernable to those skilled in the art, e.g., in

10 . light of those detailed in the examples given below) to produce a compound of
formula (III-b) or (V-b); and

(2) coupling the deprotected compound of formula (ITI-b) or (V-b) with a reagent

of formula (IV):
0
oA o
0 vy
15 where R' is as defined above, under suitable coupling conditions (such

conditions generally being readily discernable to those skilled in the art, e.g., in

light of those detailed in the examples given below);

to yield a compound of formula (I-a) or (I-b). Suitable R** protecting groups for

nitrogen include those described below as well as others generally known to the skilled
20 practitioner (see, e.g., Greene and Wutz, Protecting Groups in Chemical Synthesis (2
ed.), John Wiley & Sons, NY (1991)). In the following syntheses, R* is preferably the

protecting group benzyloxycarbonyl, but other suitable nitrogen protecting groups may

be used instead.

Scheme 1:

25 Scheme 1, which is depicted below, is useful for preparing Compound 7 (and

22
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moieties suitable for use as protecting groups for the bridgehead nitrogen may be

employed (see Greene and Wutz).

Nwﬂgrj
oo Ac,0 ﬁ _AcO MaBH,  HCLUN)
COOH ™y = s°C O o Dioxane ‘Dioxane MeOh Dioxane.
| 90°¢ 2o
+ 99% vield O crude
; {from 1 3
MeO
. o) MeO
) OMe _@_“ MeO
BF30EL, N Hz 1 Atm
N — NN —_— N N/!'o
07N ToMe  (EtysiH N PAIC 0 “EocHa N
CH3Cl L 1he HOBT L'
% 0 TEA. CHoCly

[s}

D S T S

Piperidine-1,2 6-tncarboxylic acid 1-benzyl ester (Compound 1)

L

CQOOH
Z

HOOC

1
2,6-Pyridine dicarboxylic acid (25 g, 0.15 mol) was dissolved in 2.0M NaOH
10 (154 mL) and H2O (30 mL) at room temperature, and placed in a S00-mL Parr bottle.

Rhodium on alumina powder (5%, 1.87 g) was added and the mixture was purged with
argon for 15 minutes. The reaction mixture was shaken under 55 psi of hydrogen for

48 hours. The suspension was filtered through compacted Celite, and the clear filtrate

was cooled to 0°C. Benzyl chloroformate (30.62 g, 0.18 mol) was added from the top
15  to the cooled filtrate in three portions during a period of 30 minutes, and the solution
The

remaining benzyl chloroformate was extracted from the mixture with diethyl ether.

was allowed to reach room temperature and stirred for additional 5 hours.

The aqueous layer was acidified with 2N HCI and extracted with ethyl acetate

20
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Rot amase Nunber YScKesHum Naltration) gesphed swith EtQAc 43 pvpo mL)Hacd zlrxdnedztmgweo Oi3
Compound 1 (38.3 g, 83% yield). Rf = 0.06 (10% MeOH/CHCI3); 'H NMR: § 1.49 -

5 173 (m, 4H), 1.96 - 2.03 (m, 2H), 4.48 - 4.65 (m, 2H), 5.10 (s, 2H), 7.26 - 7.35 (m,

SH).

2.4-Dioxo-3-0xa-9-aza-bicvelol3.3.1lnonane-9-carboxvlic acid benzvl ester

(Compound 2)

Y4
N ) —
o 0% T
2

10 Piperidine-1,2,6-tricarboxylic acid 1-benzyl ester (Compound 1, 19.7 g, 64.11

mmol) was suspended in acetic anhydride (80 mL, 848 mmol) in a dry 250-mL round-
bottom flask. The mixture was stirred at 70°C for 30 minutes until a clear solution
formed. The remaining acetic anhydride was removed 11 vacuo, to afford Compound 2
(18.5 g, 100%) as a clear oil. The material was of sufficiently good quality to be used

15 in the next reaction without purification. The product was sensitive to water, so it was

prepared for immediate use in the next step. 'H NMR: § 1.57 - 2.01 (cm, 6H), 5.14 (s,
2H), 5.17 (s,2H), 7.32-7.37 (m SH).

benzyl ester (Compound 3)

20 =
2,4-Dioxo-3-oxa-9-aza-bicyclo[3.3.1]nonane-9-carboxylic acid benzyl ester

(Compound 2, 1.02 g, 3.52 mmol) was dissolved in dioxane (5 mL), and 2-

24
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and flash chromatographic purification of the residue (20% EtOAc/hexanes) gave

5  Compound 3 (1.26 g, 90%) as a pale yellow oil: Rf(50% EtOAc/hexanes): 0.80.

acid benzvl ester (Compound 4

3-(2-Benzyloxyethyl)-2,4-dioxo-3,9-diaza-bicyclo[3.3.1]nonane-9-carboxylic
10 acid benzyl ester (Compound 3, 0.46 g, 1.11 mmol) was dissolved in methanol (15
ml). The mixture was cooled to 0°C, and NaBH4 (0.06 g, 1.66 mmol) was added in
portions from the top. The reaction was stirred for 10 minutes at 0°C, and then 4N
HCI in dioxane was added to obtain a pH in the range of 1 to 2, and the reaction was
stirred overnight at room temperature. The methanol was evaporated, and the residue
15  was dissolved in EtOAc and poured into NaHCO3 saturated aqueous solution, then
extracted with EtOAc (3 x 10 mL). The combined extracts were washed with brine (10

mL), passed over a short plug of NapSO4, and the solvents were evaporated to give

Compound 4 (0.40 g, 85%, mixture of isomers) as a thick pale-yellow oil, which was

of sufficiently good quality to be advanced to the next step without further purification.
20  Rf(40% EtOAc/hexanes): 0.45.
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O

3-(2-Benzyloxyethyl)-2-methoxy-4-0xo0-3,9-diaza-bicyclo[3.3.1]nonane-9-

carboxyhe acid benzyl ester (Compound 4, 0.34 g, 0.76 mmol) was dissolved in

CH,Cl; (5 mL) in a 25-ml flask under argon. BF30Et) (0.18 ml, 1.52 mmol) was
5 added dropw;se to the reaction flask (fumes were released) followed by triethylsilane
(0.24 g, 1.52 mmol), and the solution was stirred ovemnight. The CH2Cly was
evaporated and _the residue was dissolved in EtOAc and washed with saturated
NaHCO, (2 x 10 mL). The mixture was extracted with EtOAc (3 x 10 mL). The
organic layer was dried over Na,SO, and concentrated. Purification of the residue by

10 flash column chromatography with 20% EtOAc/hexanes gave Compound 5 (0.27 g,

89%, 1:1 mixture of enantiomers) as a clear oil. Rf=0.42 (50% EtOAc/ hexanes); 'H
NMR (major rotamer): & 1.62 - 1.72 (m, 6H), 3.25 - 3.50 (m, 2H), 3.68 - 3.90 (m, 5H),
4.49 (s, 2H), 4.75 (s, 1H), 5.14 (s, 2H), 7.26 - 7.34 (m, 10 H).

3-(2-Benzyloxyethyl)-2-ox0-3,9-diaza-bicyclo[3.3.1]nonane-9-carboxylic acid
benzyl ester (Compound 5, 0.15 g, 0.36 mmol) was dissolved in MeOH (5 mL), and
palladium (10%) on activated carbon (0.03 g) was added. Hydrogen was applied via

balloon for 1 hour. The black suspension was then filtered through compacted Celite,
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1-13-(2-Benzvloxvethv])-2-0x0-3,9-diaza-bicvclol3.3 11non-9-vI1-2-(3.4 S-trimethoxv-

5 henvi)-ethane-1.2-dione (Compound 7
OMe
OMe
0 = l
X OMe
, V] o
o N
' 7
O —_—

3-(2-Benzyloxyethyl)-3,9-diaza-bicyclo[3.3.1]nonan-2-one (Compo;md 6, 0.1

g, 0.36 mmol) and 2-oxo-3,4,5-trimethoxyphenylacetic acid (34.3 mg, 1.43 mmol)
were dissolved in CHsoCly (5 ml), and the solution was cooled to 0°C.

10 Hydroxybenzotriazole hydrate (HOBt, 0.06 g, 0.43 mmol) was added, followed by 1-

(3-dimethylaminopropyl)-3-ethyicarbodiimide hydrochloride (EDC-HCI, 0.08,g, 0.43

mmol), and triethylamine (TEA, 0.06 g, 0.43 mmol). The reaction was allowed to

reach room temperature and the solution was stirred for 6 hours. The volatiles were

removed with a high-vacuum rotary evaporator. The residue was dissolved in EtOAc

15  and washed with 10% citric acid solution (10 ml), followed by water (10 mL),

saturated NaHCO3 (10 mL), and brine (10 mL). The combined organic layers were

dried over Na3SOy4, and were concentrated. Flash chromatographic purification of the
residue (30% EtOAc/hexanes) gave Compound 7 ( 0.14 g, 78%) as a pale yellow oil.
Rf (50% EtOAc/hexanes) = 0.13; IR: 2941, 2870, 1646, 1583, 1499, 1451, 1416,

20 1323, 1239, 1166, 1127, 1007, 733 cm™; 1H NMR (major rotamer): & 1.60 - 2.18 (m,
6H), 3.21 - 3.29 (m, 1H), 3.50 (dd, 1H, J = 37, 12.5), 3.67 - 4.01 (m, 13H), 4.15 (s,
1H), 4.49 (s, 2H), 5.19 (s, 1H), 7.19 (4, 2H, J = 8.7), 7.26 - 7.37 (m, 5H); HRMS
(MTH?"): expected 497.2288, observed 497.2274.
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according to the method of Scheme 2. In this synthesis scheme, Z is
benzyloxycarbonyl (e.g, in Compounds 8, 9, and 10). In addition to
5 benzyloxycarbonyl, other moieties suitable for use as protecting groups for the

bridgehead nitrogen may be employed.

HaNA ; z z
Ac,0 MeO N
’/j\ ©, , N{ NaBH, {H
as o N e

o o] [s}
HOOC N COOH 60%C Dioxane N xﬁgﬁ
Z crude
1 8 OMe 9 OMe
z MeO o MeO OMe
Mo o § oM
Hj, 1 At MeO
TFA N A N 0 o
CH,CI &) N PdiC
e e N sace

N
TEA.CHCL 7N
° OMe " OMe 12

OMe

3-[2-(2-Methoxyphenyl)-ethyl}-2,4-dioxo-3,9-diaza-bicyclof3.3.1]nonane-9-carboxylic

10 acid benzyl ester (Compound 8)
Z
Nl

o7 N Yo
8

Me

2,4-Dioxo-3-oxa-9-aza-bicyclo[3.3.1]nonane-9-carboxylic acid benzyl ester
(Compound 2, 1.00 g, 3.45 mmol), which was prepared from Compound 1, was
dissolved in dioxane (1 ml), and 2-methoxyphenethylamine (0.50 mL, 3.45 mmol)

15 was added from the top. The mixture was stirred at room temperature for 1 hour.

. 28
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F42NDOO ~F IEtGAci/hexarieng@e €ompduntl Bl (R3¢ Do 21 as a clear oil. Rf=0.75 (50%
EtOAc/hexanes), 0.66; 'H NMR: 8 1.75 - 2.05 (m, 6H), 2.84 - 2.89 (m, 2H), 3.83 (s,
5 3H), 4.04 - 4.10 (m, 2H), 4.90 (brs, 2H), 5.16 (s, 2H), 6.78 - 6.83 (m, 2H), 7.05 (dd,

1H,J=175, 1.6),7.13 - 7.20 (m, 1H), 7.33 - 7.41 (m, 5H).

2-Hvdroxy-3-12-(2-methoxv-phenv])-ethvll-4-0x0-3.9-dtaza-bicvclol3.3.1 lnonane-9-

ca vlic acid benzvl ester (Compound 9

- 0" N “oH

9 /\/OMe

N N -
10 3-[2-(2-Methoxy-phenyl)-ethyl]-2,4-dioxo-3,9-diaza-bicyclo[3.3.1]nonane-9-
carboxylic acid benzyl ester (Compound 8, 0.77g, 1.82 mmol) was dissolved in
methanol (18 mL). The mixture was cooled to 0°C, and NaBH,4 (0.14 g, 3.64 mmol)
was added in portions from the top. The reaction was stirred for 10 minutes and then
carefully quenched with water. MeOH was removed under reduced pressure, and the
15  residue was extracted with EtOAc. The combined organic layers were washed with
10% citric acid (5 mL), water (5 mL), saturated NaHCO3 (5 mL), and brine (5 mL),
and finally passed over a short plug of Na;SQ4. The solvents were evaporated to give
Compound 9 (0.65 g, 83%, mixture of isomers) as a clear oil, which was of sufficiently
good quality to be advanced to the next step without further purification. Rf = 0.5
20 (50% EtOAc/hexanes).
Compound 10

10
K" OMe
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h"p , (pPM 120 1 2 byHo[B3. [fsdarkd-sQddvekyliOactd Rrdy1Rster @odfohd 9, 0.65 g, 1.52 mmol)
was dissolved in CH,Cl, (1 mL) and cooled to 0°C. Trifluoroacetic acid (TFA, 0.59
mL, 7.64 mmol) was added, and the reaction was stirred at 23°C ovemight. The
5 solvent was removed under reduced pressure, and the residue was dissolved in EtOAc
(10 mL) and washed with NaHCO3 (10 mL) and brine (10 mL). The organic layer was
dried over NaySOy4 and concentrated. The residue was purified by flash column
chromatography (40% EtOAc in hexanes) to afford Compound 10 (0.54 g, 87%, single
diastereomer) as a clear oil. Rf = 0.30 (50% EtOAc/hexanes); '"H NMR: § 1.69 - 2.06

10 (m, 6H), 2.72 - 3.10 (m, 3H), 3.83 (s, 3H), 4.5 - 5.27 (m, 6H), 6.73 - 6.85 (m, 2H),
7.03 - 7.34 (m, 6H).

ompound 11

Z ILZ

1"
OMe

Adduct 10 (0.26 g, 0.64 mmol) was dissolved in MeOH (5 mL), and palladium

15 (10%) on activated carbon (0.05 g) was added. Hydrogen was applied via balloon for
1 hour. The black suspension was then filtered through compacted Celite, and the
methanol was removed by high-vacuum rotary evaporator to give Compound 11 (0.13

8. 76%) as a thick oil, which was of sufficiently good quality to be advanced to the

L next step without further purification.

20  Compound 12
OMe
o ~Z | OMe
= OMe
N e}
o N l =
=
12
OMe

I
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Rot amase Number &M.SNounol)smmgsolvcdhh szCrzps Yy a6d fre dolufrodFwaslcooled?to0. 37 0
F 129 15¢, \ = 04sc OBy (6108 b, 057 mminol) was 2ded, followed by EDCHCI (0.11 g, 0.57

mmol) and TEA (0.08 mL, 0.57 mmol). The reaction was allowed to reach room
5  temperature and the solution was stirred for 6 hours The volatiles were removed

under reduced pressure, the residue was dissolved in EtQAc and washed with 10%

citric acid solution (10 mL), followed by water (10 mL), saturated aqueous NaHCO;

(10 mL), and brine (10 mL). The combined organic layers were dried over NapSOy4,

and were then concentrated. Flash chromatographic purification of the residue (30%

10 EtOAc/hexanes) gave Compound 12 as a yellow oil (0.19 g, 83%). Rf =0.42 (50%
EtOAc/hexanes); IR: 2941, 2838, 1645, 1584, 1502, 1453, 1329, 1265, 1164, 1128,
1074, 1003, 734 cm™; "H NMR (major rotamer): § 1.89 - 2.19 {m, 6H), 2.70 - 3.20 (m,
2H), 3.52 (s, 3H), 3.68 - 3.90 (m, 9H), 4.56 - 4.67 (m, 2H), 4.94 - 5.01 (m, 1H), 5.21
(s, I_H), 5.75 (s, H), 6.23 (d, 1H, ] = 7.5), 6.36 - 6.46 (m, 1H), 6.66 (s, 1H), 6.8_0 (s,

15 1H), 7.26 - 7.31 (m, 1H); HRMS (M*Nat): expected 517.1951, observed 517.1951.
Scheme 3:

Compounds such as Compound 15 below and other related compounds as
shown in Table 1 may be prepared by the general method of Scheme 3, where Z is a

suitable protecting group for nitrogen, such as benzyloxycarbonyl.

(?Me
]
ueo 48 - om.
= Q
AC0 23 N Mz, 1At MeO O )\N o
Hooc” "4 “coo ——= 2 —— o o > 14 o o
o
2 60°C Dioxane Du;xzne ':dlc EDC.HCI
1 sa% 13 hr. HOBT
99% From TEA, CHLIl2
16 5%
&~
X
20

ester (Compound 13)
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13

{3.3.1]Anhydride 2 (0.54 g, 1.89 mmol, prepared from Compound 1) was
dissolved in 1 mL of dioxane. 4-Phenylbutylamine (0.28 g, 1.89 mmol) was added

from the top. The mixture was stirred at room temperature for 1 hour. After this time,
5  acetic anhydride (0.62 mL, 3.78 mmol) was added, and the reaction was refluxed for 5
hours. The dioxane was evaporated, and flash chromatographic purification of the
residue (40% EtOActhexanes) gave Compound 13 (0.75 g, 95% yield) as a colorless
thick oil. Rf = 0.66 (40% EtOAc/hexanes); IR: 2935, 2863, 1710, 1688, 1430, 1341,
1311, 1256, 1126, 1096, 1069, 749, 699 cm™; '"H NMR: § 1.41 - 2.04 (m, 8H), 2.61 {,
10 2H,7=6.9),3.79 (t, 2H, = 6.9), 4.96 (s, 2H), 5.14 (s, 2H), 7.14 - 7.37 (m, 10H).
3-(4-Phenylbutyl}-3,9-diaza-bicvclo{3 3.1]nonane-2.4-dione (Compound 14)

14

2,4-Dioxo-3-(4-phenylbutyl)-3,9-diaza-bicyclo[3.3.1Jnonane-9-carboxylic acid
benzyl ester (Compound 13, 0.57 g, 1.36 mmol) was dissolved in THF (3 mL), and

15 10% palladium on activated carbon (0.12 g) was added. Hydrogen was applied via

balloon for 1 hour. The black suspension was then filtered through compacted Celite,

and the THF was removed by high-vacuum rotary evaporator to give Compound 14

(0.36 g, 92%) as a thick oil, which was of sufficiently good quality to be advanced to

32



138pN~LIO—|~O~NOCHs//I20.30I1390~I~CHBI i
2IO31400Naoff10~N~OCI—|5~INIYIO72,_. JAﬁ UUéV\D
00/ 04020 ~"i | o o0dee203 PCTNS99I 15965 Table 1 Corrpound l\/bk,@\qt,lil,g,@,;,%3
Structure Prepn by Nunmber of Rotanase Nurrber Schene No. Isoners li," ~(~.M
540I141(0"d~.. o0 .. oF F. ~2.0054--1420~30~~~3

52 0.19 Ol 143 {qext st

. X T - VO
001 04020 Q17 J' A N 2B %é%lfhﬁ“{gﬁé? °%?9“8‘ﬁ°aldé’81 e 1 Corrpound Mbl ecul ar Struct ure
Prepn by ~ Nunber2-{dxoRd g ethddypizayD)-Ke hydle(4 N6 : ~(p.-M 52 1.2

,O 144 N O~ N-O C%)QVCIOB; onja 774('119)“620 o%smldeS ~CH's 4 2 >50 O 146 ~ o, ch-
NO N-O
OMe
0 /\/OME
(\ l X"0Me
N o
o)\N:ko
15
5 3-(4-Phenylbutyt)-3,9-diaza-bicyclo[3.3.1Jnonane-2,4-dione (Compound 14,

0.42 g, 1.47 mmol) and 2-o0x0-3,4,5-trimethoxyphenylacetic acid (0.35 g, 1.47 mmol)
were dissolved in CH»Cl; (5 mL), and the solution was cooled to 0°C. HOBt (0.21 g, -
1.54 mmol) was added, followed by EDC-HCI (0.30 g, 1.54 mmol) and TEA (0.15 g,
1.47 mmol). The reaction was allowed to reach room temperature and stirred for 5
10 hours. The volatiles were removed using a high-vacuum rotary evaporator. The
residue was dissolved in EtOAc and washed with 10% citric acid solution (10 mL),
followed by water (10 mL), saturated NaHCO3 (10 mL), and brine (10 mL). The
combined organic layers were dried over NapSO4 and were concentrated. Flash
chromatographic punfication of the residue (30% EtOAc/hexanes) gave Compound 15
15 as a pale-yellow solid (0.25 g, 34%, one isomer). mp = 101-103°C; Rf = 0.32 (50%
EtOAc/hexanes); IR: 2939, 2866, 1739, 1682, 1651, 1582, 1503, 1454, 1416, 1361,
1337, 1243, 1167, 1126, 1067, 991, 914, 862 cm™; 1H NMR (major rotamer): 3 1.56 -
1.64 (m, SH), 1.93 - 2.01 (m, 5H), 2.61 - 2.66 (m, 2H), 3.80 - 3.85 (m, 2H), 3.95 (s,
9H), 4.51 (brs, 1H), 5.46 (brs, 1H), 7.14 - 7.29 (m, 7H); HRMS (M*TH™): expected
20 505.2288, observed 509.2275; EA: calculated, C (66.13), H (6.34), N (5.51); found, C
(66.00, H (6.37), N (5.50).
Scheme 4:
Scheme 4 is useful for preparing compounds of the formula 18 and similar

compounds as listed in Table 1 (e.g., by varying the arylmethylbromide reagent used in
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5 In formula 18, R,, R,, R;, Ry, and R, are each independently H or any suitable
substituent linked to the ring nuclei through O, N, C, or S. Z in the formulae above is

a protecting group, such as benzyloxycarbonyl.
Compound 16 is reacted with an aryl-substituted bromomethane in the presence
of sodium hydride and DMF to give Compound 17. Compound 17 is then reacted with
10 sulfuric acid to produce a compound of the formula 18. Compounds of formula 18 are
converted to compounds of formula (I-a) by removing protecting group Z and coupling

the resulting product with a compound of formula (IV).
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The final coupling step with a reagent of formula (IV), converts Compound 31

into the desired compound of formula (I-a). This scheme is particularly useful to

5 produce compounds such as those identified in Table 1 below.
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5  Piperidine-1,2 6-tricarboxyvlic acid 1-benzyl ester 2-methvl ester mpound 232

2,4-Dioxo-3-oxa-9-aza-bicyclo[3.3. 1]nonane-9-carboxylic  acid  benzyl  ester
(Compound 2, 10 g, 34.51 mmol) was dissolved in methanol (50 ml). The reaction mixture
was stired at room temperature for 2 hours. The MeOH was evaporated to afford Compound
232 (10 g, 96%). Rf = 0.47 (10% MeOH/CH2Cl2). The material was of sufficiently good
10 quality to be used in the next reaction without purification.

ethoxy-piperidine-1,2-dicarboxylic acid ]-benzvl ester 2-me este ound

233)

6-Methoxy-piperidine-1,2-dicarboxylic acid 1-benzyl ester 2-methyl ester

(Compound 232, 10g, 31.15 mmol) was dissolved in methanol (80 ml). 1M Sodium

15 methoxide solution in methanol (20 ml) was added. A constant current (using
platinum electrodes) of 0.3 A was applied for 1.96 hours, using a total of 4.17 F/mol.

The methanol was evaporated. Flash chromatographic purification of the residue (1:2
EtOAc/hexanes) gave Compound 233 (9.14 g, 95%). Rf = 0.9 (10% MeOH/CH2Cl2).

-Allvi-piperidine-1.2-dicarboxvlic acid 1- ester 2-methyl ester und 234
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active conpounds into preparations that can be used pharmaceutically. O
course, the appropriate fornulation is dependent upon the route of
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For oral adm nistration, the conpounds can be fornmul ated readily by
conbi ning the active conpounds with pharnaceutically acceptable carriers
known in the art. Such carriers allow the conpounds of the invention to be
formul ated as tablets, pills, dragees, capsules, liquids, gels) syrups,
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capsul es nmade of gelatin, as well as soft, sealed capsules wrd Zﬂﬂguin
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i ngredi ent may be in powder formfor constitution with a suitable vehicle,
e.g., sterile pyrogen-free water, before use. The conpounds nay al so be
formul ated in rectal conpositions such as suppositories or retention
enenmas, e.g, containing conventidnal suppository bases such as cocoa butter
or other glycerides. 15 In addition to the fornul ati ons descri bed

previ ously, the conpounds may al so be fornul ated as a depot preparation.
Such long-acting fornmulations may be _ adm nistered by inplantation (for
exanpl e, subcutaneously or intranuscularly) or by intramuscular inj ection.
For exanpl e, the compounds may be fornulated with suitable - polyneric or
hydrophobic materials (for exanple, as an emulsion in an acceptable oil) 20
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optional 15 neur ot r opitiompduad t@rand ligtcompynds euciepirpaeichs ddstrivedRlewcar r i er
materials to produce a _ single-dosage formw ||l vary dependi ng upon the
host:treated and the particular node of admi nistration. Preferably, the
conposi tions of the invention each contains both an FKBP-inhibiting agent
and a neurotrophic factor, with the FKBP-inhibiting agent acting to
potentiate the activity of the neurotrophic_factor to enhance stinulation
of 20 neurite outgrowth. The anount of neur??trophl c f-act-or in such
conpositions is advantageously | ess than the anount required in a

nmonot herapy utilizing only the factor. Preferably, the conpositions are
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of “a FKBP12-inhi biting agent is adm nistered and a dosage of between 0.01
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a patient receiving the conpositions. A pharmaceutical conposition of the
i nvention may be used in a nethod of inhibiting the rotamse enzyne
activity of an FK-506 binding protein, conprising . admnistering the
conposition to a patient. The inventive conpositions may al so be used to
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5 be made. For exanple, those of ordinary skill in the art may recognize

t hat appareni variations or substitutions to the corrpounds.l ] n?q(l a)
and formula (1-R)osR¥%.0e nade w thout adversely affecting éf,ég&: i'cant
manner their efficacy in the pharnmaceutical conpositions. us e

invention is intended not to be limted by the . ~ foregorng descri ption,
but to be defined by t he appended cl ai ns an their equivalents. | -.. ~v ~
~7f Y-y .. p 'F%Q ¥%4%é mﬁ&gggvlvn buntl@dl® formula: OR a ~N-
OONX 1 Y where i st E?H 0 ryl group—gF§g§Strtuted or

substituted with offt or noreasubstitugnts independentd=y sél ected from the
group consisting of halogen) hydroxyl, NGO, C-~3, C -C6 alkyl .

al kenyl, C-C4 al kyl oxy). C=< C4 al kenyl oXy, zyl oxy) phengk ad no, and
phenyl; an al kyl or al %LN up_vsmgbst a edNaeﬂms*ubst 4tkd with one or
nore substi tuents depe ntly sétgwered from thesgyoup’ sisting of C,

-C4 alkyl, C -CQ al kefiyl, C4-C6 cycl oal2kenyl, afidshy¥rvxy; adamanty~, Cv-C8
cycl oal kyl or CSC~ cycl oal kenyl group uns St | tuped or substituted with one
or nore substituents independently selec f r omehe gr i
C -4 alkyl, C -C4 alkenyl) C -C-, alkyloxy, and hydroxy; or
C(R~)(R-")(R-3), vr/nere R~~ and R~~' are each Independent |y Iovver aI kyI) or
L and R~ tog ~h&s < h DASD R = & AroAme g LEATOf

yc’[ oal kyl , and Ry gsté;l, o @ al kyI aryI - or (CH~)nOV\1L where nis
==y, 2, or 3, an — IS R-or R-, with R being C -C, alkyl

~unsubstituted or subs@r(?@t%@e‘hﬁwt@@@mﬂdmm°m&owcgra@ulps1 -boazls lestelr ogen,

"cyano, C, -C, iRt h W,P r Y i S hydr
_al kyl, al kenyi’jlg b&enzy rgrﬂgylcgoa I ky é(lgzrm(gl(t}‘ he lbugn?rln ut((gal %%L{sa%%;s}? ?'Evﬁ%ed
with one or nore gistolyed inueli2C2i(¢impenHOBt (0,46§e1 242 mehof)rvomatided fglrlcqu by

consisting of alk o) alkyl aryloxy al ken X
hydr oxy; benzyl oxéb%ﬁ@ﬁé“ﬁ?dﬁé@%}d{)\‘z GPn sy rdrat Rpmm ‘ﬁm%?%x‘ﬁ% AE
or 2, and 88  ~1Hows\ HtREEBNIACOS (FBOmb) whd 4hédBand WiEFeBetioR wab emcﬁawlth

- al kyI or al kenyl %roug unsubstituted or substituted with one or nore
BeA

~substituents indefER

159 nalg| dbe eambined oraanie layerowere doersovet Nen$Oaf angdrthen

DA 8 At LR el i G Rl L ATl g

“-atom and nitr ogengmcempamdmzﬁ 20k g YD hRY= Q6E(111EROACHexEY. bonded, form a

5- to 7-nenbered Sa4 4 at a eteroc clic. ri ng unsubstdltuted
or substituted w smoyd)-pigendine: -camoxgicacid  ang L

represent substi tgHHereﬁ-a@mmdgﬂérl (Compbiae bey from t he gr oup consi sting of

-, G- GCs | oal bstituted
Cubst | tut ed wi Ch one O RePE- e RTE G Rt HoB B e Py e ST (1 1 he

- group consistilfig binzC3stCICoymhmialaryd.§87ret ADxyupl) Nt fsslyghidnydthand i) mL).
dimet hoxyphenyl; - fiailie it} oRdvied 8861 R0 ] 0L mgadp%edrx uas“gipwasrrabﬁa;' tuted

. Or substituted wt

one or nore su strtuen epen ECtEd rom

ke =group consi st FIvgR®T andeketienelion vap shikep 8O ne fon §4 hourtsr'ﬂfelbbelr wrnetskon 4ps themd

stituents |inkegerddQnbpg c&mmd Cellile/Gid bBh QGRS REYEE nrher}estdhp%%ss&@abron or
AR AR A AT R R T U

al ken%/l gi(y dbepzy{fmmyqdv\bgnagdpym HMgnap6 amot) &Ebﬁl'%d' in werert@ rﬂlt)arma&tecuﬂon oat |y
acceptapl e eritvatlv | C IS a r ug, a arnaced Lcally activ

met abol i te, 5 phartrteprearpyte el hisferdf e waor KRPs KoL e o
or hydrate of sai exeaampathnchCI2(2 100 HIPORRE cmsmmﬁm&err&ah&aéflme réfept:abl e

- deriivati ve accordr&g\to claiml, wherein R is aryl unsubstituted or

subdtituted wth Giicfapmstesveamepmt 4B gsolgn’d%@eﬁdeﬁﬁ?@l 1FEPLcteEdestr om t he
group consisting ofooal@gMenyl-Brin9x¥ldaz N6 dbe. 4B ALY ox iRk - fkenyl
C -C ailcyloxy, &-C alkenyloxy, beuzyloxy, phenoxy, am no) and phenyl. A
conpound or pharnaceutically acceptable derjvative according to claiml,
wherein R is selected fromthe gfroup consi Qi ng "of- adamantyl, napht hyl,
indolyl) fury(, thienyl, pyridyl, and phenyl, the phenyl having fromone to
three substituents i ndependent |y sel ected fromthe group consisting of
hal'ogen, hydroxyl) 69 WD 00104020 ~~I 7 JAN Q03 PCTI US99/15 NO=, CF,,

C -C5 alkyl, C -C6 al kenyl, C, -C4 al kyl oxy) CzZ-C, al kenyl oxy, benzyl oxy,
phenoxy, am no, and phenyl. 4. A conpound or pharmaceutically acceptable
derivative according to claim3, wherein R is 3,4,i-trinmethoxyphenyl. 5. A
conpound or pharnmaceutically acceptable derivative according to ~CH2)rn . O~
claiml1l) wherein R is ~~ (CHZ)~w~ , where mis 1 or 2, nis 0, 1, or ?,
and W is as defined in claim1.




6. A conpound or pharmaceutically acceptable derivative f?o‘rﬂﬁlﬂgz claim
1, wherein R is C(F\’)(F\’z)(F\’) where: R' and F\’Ztogetﬁg ' at om

to which they agg tm;j form cycl opentyl or cycl ohexyl; angdRusbsasmel ect ed
" frromH OH, Iovver al aryl, and (CHZ)~-O-W, where nis 0, I, 2, or 3,
and W is RZ or C(O)RD where R is C -C, alkyl unsubstituted or )

substituted with one. or, B hoXY GQuRs. 7. A conpound or
pharmaceutlcalIyﬂa‘m':%g‘r%L \ cording to claim®6, wherein R is
. sel ected fromthe groufi.2dymethey-etg)-Ef-pha@iay larbaGiod)-podridinR ) werPx@ic ~acid) 11 ~~

011000, (gﬁz )9%%?“5@599 Ogﬁlc%%gtép(&%@nmacﬁ)mbq“ggl)qvas e PrQans (B 90

where mis JIB ~
~~~~ PCTI US99 1a%8) 8Pyr1;ézme@r?ptelaﬁa sidfpnatsH& Pt O trirech)| way added apst ‘&breécf'a’éf”r“%/at i ve

accor di ng to l alsm&l’at Y}gg% gl‘ Elh%] rkﬁer%lﬁlr%?(t& regc:'(_tfg %ﬂ’i X)ﬁn%rd%?’vn Fie tQ‘lGQle %as are

each |ndependently met aryl, or
(CFiiz)~-O- W, wherapomed apdhe r%yduezwas éypsolzed imF{QARYTS k), Rashert wr@{s@yﬁtﬂd l‘faﬂﬂ%‘é} e R~
' 3 C-C, alkyl unsubstided: §Jép§at>§éz§"t1:@agh %mggrgﬁcogmﬁea@mrmm%mgr oups.

A conpound or pharneceuti cal accepta at1ve according to
cl'aim8, wherein (R Et%C@adae%)t%d Cfommwﬂ‘ré(oﬂﬂlm@?‘i@)oﬁ‘Sf Qﬁ(lrﬂgEt@Pwﬂl@aMS) 0Q

~~Z~0 O O O and " jLj =4k ¢ RG AR Al pceept abl e
deri'vative accordrng ) 'S a y uted with one or
6 substit utht [ bl group consi sting of

z e |, al koxy, valkyb: I 1 g b s 9K
?}CIE) P-?}r 5\!- :ndOXy BX:QE 93\/—&“ J&YL tyl)aﬂr 1)6 d%aYb y@lL[Iﬁgrlltél: Q%(%’e 15‘%%&2341}’ agid 9HL

- O(OFR, with R Héaoﬁqwlmewl estaq(ﬁ'éwvnd % 9/74°§l Wmmql)rwaaﬁ»ﬁo“'eﬂfwﬁ@fw Ulsed or
- substituted with meanQﬁNmOMchllbﬁﬁ lnhhk&tﬁﬂoﬁ(Z&&'ﬂQ%ﬁﬁdédrmfcb&loﬂﬁlﬁlsuqﬁrrcd at

tonsisting of allr 1. A conp und or r nec l,cally
- accept abl e deri va‘f’%/’{‘/éemaﬁ%%{f’ cf?r;%m{“é ﬁ( e l’isowefmg‘f’ égﬁ“dfh? gmg% e6re a‘#efj om t he
.group consi st iifhg weith CHl3, drisdova drsQe 2d cwc@t:@:@o ® white precipitate, which was dissolved
in CHCl3 (10 mL). 3,3-Dimethyl-2-oxo-pentanoic acid (0.141 g, 0.58 mmol), HOBt (0.080g,

0.58 mmol), EDC-HCI (0.113 g, 0.58 mmol), and TEA (0.082 mL, 0.58 mmol) were added,
and the reaction was stirred at room temperature for 18 hours. The volatiles were removed
using 2 high-vacuum evaporator, and the residue was dissolved in EtOAC and washed with
20  10% citric acid solution (10 mL), followed by water (10 mL), saturated NaHCO3 (10 mL) and
brine (10 mL). The combined organic layers were dried over Na3SO4, and were
concentrated. Flash chromatographic purification of the residue (1:1 EtOAc/hexanes) gave
Compound 162 (0.122 g, 50%). Rf(1:1 EtOAC/hexanes): 0.122.
BIOCHEMICAL AND BIOLOGICAL ASSAYS:

25 A variety of assays and techniques may be employed to determine the activities

of the compounds of the present invention. The activity of a compound of the
invention for stimulation of neurite outgrowth is directly related to its binding affinity
for FKBP12 and its ability to inhibit FKBP12 rotamase activity. In order to quantify
these latter properties, assays known in the art for measuring ligand binding and

30 enzyme activity may be employed. Assays for stimulation of neurite outgrowth are

described below.
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17 JAIL ~~na t' CT/US99/ 15965 and 12. A conpound or pharnma L?Ijg&m
acceptabl e deriv ative according to claim1l) wherein X andlY 3vm'th

t he carbon ring v ems@and nitrogen heteroatomto which they aicgs@apesti vely
bonded, formthe unsubstituted or substituted 5- to 7nenbered saturated or
unsaturated heterocyclic ring optionally having) 'in addition to said
ni'trogen heteroatom epne L hRP&nad gl o, Sel.es . Lhe 9LEANP
consisting o f O and N E%QHA cqugu!nlﬁ }gir;@%{%ar ngcjérgﬁegau{{?%c@pt%gﬁg )
derivative accor disHg thomethad destobedyihyekydm o al.dP%e. 7Narke rloet: dfidi. sHtUPEBES or
.unsaturated heterQeys! i g [ g fr kperidine and.pisperazine.
14. A conpound seﬁec ed frosm tthlzwg"rq%ﬁ%gc onsi %?‘J?yﬁé’eo‘%ez““‘& %t‘i%?%’ IP 7 rr%lt o NN
~ CH f 0 O O-O Hberdroosytoma-cells lare, maint@iRed\at, 37°C and-5¢4 €0, 1 Iuldecd’ymalifiedD O

mor Osaer 2o0b.S ( oFed s nedtod foRENB UM RS ) b Advarka fodf Bri03ma

5% heat-inactivated fetal bovine serum. Cells are then plated, coated at 10’ per 35 mm

culture well with rat tail collagen at 5 mg/cm’, and allowed to attach. Medium is then
replaced with DMEM supplemented with 2% horse serum, 1% fetal bovine serum,

nerve growth factor (NGF), and/or varying concentrations of test compounds. The

10 control cultures are administered NGF without any of the test compounds.

— ) Another exemplary method that may be used for measuring potency for
stimulation of neurite outgrowth is the rat dorsal root ganglia assay. In this assay,
dorsal root ganglia are dissected from 16-day-old Sprague-Dawley rat embryos. The
sensory ganglia are then cultured in collagen-coated 35 mm Falcon dishes with N-2

15 medium (DMEM/Ham’s F),, 1:1) at 37°C in a 15% CO, environment. The medium is
supplemented with selenium, progesterone, insulin, putrescine, glucose, penicillin and
streptomycin. The ganglia are then treated with various concentrations of NGF (0-100
ng/ml) and test compound. The sensory ganglia are observed every two to three days
under a phase contrast microscope, and the axon lengths are measured. See Lyons et

20 al, PNAS, 91:3191-3195 (1994).

Other suitable assays may be used to measure the activity of the compounds of
the present invention. For example, immunosuppressant activity can be estimated
through measurements of the inhibition of calcineurin phosphatase activity by

v complexes of compounds of the invention bound to FKBP (Babine et al., Bioorg. Med.

o 25 Chem Lett, 6, 385-390, 1996). The phosphopeptide phosphatase activity of

calcineurin is assayed at 30°C using a continuous coupled spectrophotometric assay
(Etzkorn et al., Biochemistry, 32, 2380, 1994) and the phosphorylated 19-mer peptide
substrate derived from the regulatory subunit (R;;) of cAMP-dependent protein kinase.
The assay mixture contains 50 mM MOPS (pH 7.5), 0.1 M NaCl, 6 mM MgCl,, 0.5
30 mé/ml bovine serum albumin, 0.5 mM dithiothreitol, ] mM CaCl,, | mM MnCl,, 20
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HM phosphorylated R, peptide, 20 nM human recombinant calcineurin, 40 nM
calmodulin, 10 pg/mL purine ribonucleoside phosphorylase, and 200 uM
methylthioguanosine as described by Etzkom et al., plus 1% dimethylsulfoxide
(DMSO) as cosolvent and 100 uM FKBP. Compounds are tested for FKBP-dependent
5  inhibition of calcineurin at their maximum solubility. Under these com'iitions, the
apparent inhibition constant for inhibition of human recombinant calcineurin by
FKBP-FK506 1s measured to be 43 nM.
Binding of compounds to FXBP may be measured directly using
microcalorimetry.  Calorimetric titrations are carried out using the MCS-ITC

10 instrument (MicroCal Inc., Northhampton, MA). The titrations may be conducted as

follows. Protein dialys;ate is degassed for 15 minutes using MicroCal cq'uipment.
Stock inhibitor solution is added to cosolvent (typically DMSQ) and degassed
dialysate, followed by brief sonication, to produce the final inhibitor solutions to be
used in the titrations. Final inhibitor solutions are in the concentration range 10 to 80
15 pM. Dialyzed protein is added to cosolvent and degassed dialysate to produce
FKBP12 solutions in the concentration range 200 to 1600 uM. As both solutions are
prepared using degassed dialysate, no additional degassing of the solutions is
performed. Cosolvent is added to the protein solutions to maintain a fixed cosolvent
concentration throughout the course of the titration. Protein is titrated into inhibitor
20  using a 125-pL injection syringe. The titrations are conducted with the ligand in the
cell due to low solubility of inhibitors. Typically, a preliminary 2-pL injection is
followed by fifteen 8-pL injections made at varying injection intervals. A full set of
dilution contrals is conducted for each titration. An appropriate volume of cosolvent is

added to degassed dialysate to produce the buffered cosolvent solution used to obtain

25  heats of dilution of the reactants. After correcting for the heats of dilution and deletion
of the preliminary injection, the titration results are fitted using the “One Set of Sites
Model” in the ORIGIN software package supplied with the instrument.

Binding to FKBP as directly measured by microcalorimetry has been found to
correlate well with potency for inhibition of the rotamase reaction, which is readily

30  assayed by methods known in the art (see, e.g., Fischer et al., Biochim. Biophys. Acta
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791, 87 (1984); Fischer et al., Biomed. Biochim. Acta 43, 1101 (1984); Fischer et al.,
Nature 337, 476-478 (1989); Siekierka et al., Nature, 341, 755-57 (1989); U.S. Patent
No. 5,696,135; and Harding et al., Nature, 341, 758-60 (1989)).
In the rotamase inhibition assay, isomerization of an artificial substrate N-

The

assay includes the cis form of the substrate, FKBP12, the compound being tested, and

5 succinyl-Ala-Ala-Pro-Phe-p-nitroanilide is followed spectrophotometrically.

chymotrypsin. Chymotrypsin is able to cleave p-nitroaniline from the trans form of the
substrate, but not from the cis form. Release of p-nitroaniline is measured

spectrophotometrically. Using this assay, various amounts of the FKBP rotamase-

10  inhibiting compounds of formula (I-a) or (I-b) were added to cis-N-succinyl-alanine-
alanine-proline-phenylalanine-para-nitroaniline (Bachem, 3132 "Kashiwa Street,
Torrance, CA 90505) in the presence of FKBP12 and chymotrypsin.
Spectrophotometric measurements of p-nitroaniline concentrations allowed estimation
of the apparent K, values, which are provided in Table 1 below.

15

Table 1
Compound Molecular Structure Prepn by | Number of | Rotamase
Number Scheme No. | Isomers K app (M)
_CH, 1 2 0.160
o (4]
Q
7 CH,
N\\\o o
o o HC
2 0.027
12
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Table 1
Compound Molecular Structure Prepn by | Number of | Rotamase
Number Scheme No. Isomers K appy (WM)
do\/\ o 1 2 23
Q
. \ CH,
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o
33 0 O’CH°
— N
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HC 3 1 0.206
0 CH,
o )
34 | CH
N 5 o
o] N o}
oCh 3 1 0.073
o O‘cﬂ:,
35
?
N o CH,
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Table 1
Compound Molecular Structure Prepn by | Number of | Rotamase
Number Scheme No. Isomers K, o (BM)
3 1 0.445
36
3 4 0.222
_ 37
3 1 0.298
38
1 2 0.398
39
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Compound Molecular Structure Prepn by | Numberof | Rotamase
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O-0CH3 NOOON- OO O and or a pharmaceutically acceptaple derléﬁﬁhve
thereof which is a prodrug, a pharmaceutically active net
phar maceut i cal | woaeeept abl e salt, ester, salt of such estewcmmswhyﬂﬁate of
sai d conpound. 16. A pharnaceutical conposition conprising: a
rotamase-i nhi biting agent conprising a therapeutically effective anmount of
at | east one conportnd or pharmaceuticar} Cfep[dbie derivative of Cclaim
1; and a pharnacgutically acceptable cari%gf. 17. A pharmaceuti cal )
conmposi tion accol dom@oiud ¢! NisRchfar Stiefuber | 18fepn by [ Namblr & ~Rorari&P[ i Si ng
a neurotrophic facNambed8| The use of a thekapguiNncal Ilgbnﬁisfe:t;d“yg(@mp int of
a conpound as defined in ¢laim L for the nmanut agtur ¢ of icameEN or
treating a neurological disorde -a patient selected Fron1 he group
consi sting of Pafkinson's|disea Al zhei mer' s di sease, and anyotrophic
| ateral sclerosi$, céfmprisgin injgtering to the patient thereof. 19. The
use according to|claim18, ecwgeur{ol ogi cal |{di sorderjis sel ected
fromthe group consistingjof p cdpeyr opat hi es caused by physic
injury or diseas¢ state, physical® da tq the braijn, physi¢al danmage¢ to
the spinal cord)|stroke agsoaated wi sh brailn damage,| neurol ogical disgrders
rel ating to neurpdegenerat)i on. 20 The use according to claim18, whenein

~=the: neurol ogi cal fdirsorderts—Parkinson-—s—diisease—2i—The—us¢—accordimg fo

~r¢laim 18, wherein the thenapeujisally ef fedtiveamount of a conﬂ% d or

- pharmaceutical | yjaccept ablle deXi¥ative furtiher conprises a neurotrophilc

“factor selected firometrhe droup of nerve growth fagtor, insdlin
grow h factor ang its acti|vé 3 rijvati ves, |acidic and basic
fibroblast growh factor, |pl {ved [grom h f3gctors, bnain-deriVed
neur.otrophi c factor, cilidry neﬁrétr-»‘béﬂfactors, gliat celll line-der}ived
nerotrophic factor, neurotirophin-3, agd neurotroph~r 415. 22| A procegs of
maki ng a conpound or pharnaceutically dkcept abl e derli vative accordingijto
claim1, conprisijng: (a) donverting a conpound of fqrmula (Iljl-a): N Q N
X1 (lI:C-a) wherera—236 —FA—N-20683 —-s—sel-eet-ed—Frem-the—group
consisting of optjionally g alkényl) C)C?IC(CHZ)&QS

1 C(CH2) gR3 aryl ,| cycl oal k

~~ , and ~~ , whgre g is Q4 or |
and R3 is an al kyl orggaryl  ed or substituted with ong or
nore substituentqd independ

bm t he grloup consi|sti ng of
hydroxyl) C,-C6 gl kyl, C, - al kyl oxy, C, -C4 lal kenyl oxly,
benzyl oxy, phenoxy, and ph
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X is: hydrogen; cyano; C, -C, alkyloxy; dinethoxynethyl; or oxy
when X i s oxygen) the bond connecting X to the ring car bo QEANS @ﬂ@)ubl e
bond; and Y is hydsmgea or an al kyl, al kenyl, benzyl, or ol YdogsIr Oup
unsubstituted or substituted with one or nore substltuents |n ependent |y
selected fromthe group consisting of-. al kyI aryI al koxy; hydroxyal kyl ;
aryl oxy; al kenyl Xy;  nydroxy;benzytoxy; ,Ipm,..u,\y, eH2 O \Ve—and-
(CHZ) - N-W2 vvherehois 0. I. or 2 and W iI2bkslor C(OR3, where R3 is pn
aryl, alkyl, or aldeaipphndl| OWNBoibdubi¢Retukiuyd €d [
‘'substituents i ndepen@anet! y selected fromt hgféjﬁé% ,é\tﬁgﬁéﬁl n YA
al kyl, and al koxy; and ( T P=—C( O =0V —and tEHE) o) . [
is 0, i, or 2, ahd W' is : X and Y)! tognthgpvﬁt"ltr‘?es%ar on
-ring atom and ni {rogen he "ahi ch{t hey arelrespecti Vel y bondgd,
forma 5- to 7-nenbef@d s cynsat yrated heterocycli¢ ring
unsubstituted or |[substitu nmyre substjtuents J{ K, and L;
_where 1) K. and L represe i s i ndependently selected fromthe
group consi sting|of oxyge ycl gal kyl anf¢l G -C5 al kyl groups
~unsubstituted or|substitu nyre subst|tuents independently
.sel-ected fromthe¢ group c i sti Cs-¢ 106 17 JA N 21 1~~
Zoyedoal kyl, nmethoxy) neth 8tet hoxyphenyl ; or where 1 apd K
#together forma phenyl rimg unsubstijuted gr substituted with one or fore
~ substituents independently sel ected kwom the group gonsisting of nethoxy,
~tpdifluoromethyl. |trifiuorgmethoxy) and subgtituentsilinked t E t he phenpyl
-.ring through oxygen, nitrggen, carbon or syl fur and{independently sel ected
“fromthe group censistingjof hal ogen. hydraoxyl, NO-} CF3) C,1C6 al kyl
-CZ-C6 al kenyl) Cj-C4 al kyloxy, C, yka al kenyloxy, benzyToxy, henlﬁ F m no)
- and- phenyl ; unde reduci ng conditi or% t%% a {conmpound|of fornu 1H -
SNON Xt Y (IT % rein Xxa arelas definéd above; and (b)
~coupling said cofrpou i -b), With a compound of {forrmula (IV):
OOHRO(N whefein R~| & arlyl groupjunsubstifuted or
.substituted withj{one or Ir e2s)| nts iindependently sele¢ted fromthe
.group consi sting|of hal ogén r OX NO,, CFi) C {C6 alkyl} C -C6
“al kenyl, C,-C4 alkyloxy, C - (ﬁ?ﬂ oxy, |benzyl oxy, phenoxy) am no)|and
phenyl; an al kyl Jor al kenyl up unsubstltut ed or $ubstituted with ome or
nore substituents$ indepen ent |y selected fiomthe gfoup consijsting of
C -C ~ alkyl, C {4 alken C.,-C6 cycl oalikenyl, amd hydroxy; a C~ Ci
~cycl oal kyl or CS{C~ cyclo I kenyl g‘houp unsybstifuteq or SubSTTTyfRd Wit h
. one ‘or nore subs{ituents i ndepend {9y ®mel qct ed fromthe groyp consisting
of C-C4 alkyl) C -C alk d kylljoxy, andj{hydroxy; {or C(R~

tIQ(*t ne of nore

. )(R")(R"), where R~ ~ a each ijndependently | owef al kyl, or R~
"~ and R- togethey with th : 04Hey are bound formcycl oal kyl ,

= and: ‘R~ j is H OH |aoyer g or (CH-)"-OW, where nis 0) I} 2)

“or*'3) and W is R or ¢(O . " being C, -C- alkyl unsulgsti tutedjor
~substituted with{one or t A » oups.}| | a7 001 04020 ~7JAN2003
PCT/-US991 15965 28. A proc adcording to dlaim2?, {wherein {he corrpound of

formula (111-a) |s selected fromthe group|consisting of: Z¥ Z'NN+ . ~N
O~ 00~ OOw OO O O and|benzyl oxycarbonyl}. where|Z is 24. |A proces<t
according to claim?22, wherein the conpound of formutra (Ttt=ay—1T35 Setected
& omthe group consisting of: Z~NON-~O/~Ov Z -NON J\CH /~Owe and
where Z is benzyl oxycarbonyl. Owe

SS



25. ’ A process according to claim 22, wherein the conmpound of7 U%mﬁnq
(rrr-a) is ~z NOwx O H Meo or 1/ Z /N Ove ~J COOH where I4 s i
benzyl oxycar bonylogodfaze A process according to claim22, wheg&insed/fasss

conpound of formula (Il1l1-a) is selected fromthe group consisting of 108
WO 00f 04020 1 7 JAS 2003 PC 11US9913 596 ~z |z j~~ OV ~ OW O EtOOCJ Owe ~
OV . ' ONH, -f==Ow1—Z=Z1NON Oive—O—d f—~4e —and ~ ~

| OvO -. where|Z is benzyl oxycarbonyi . TableT7 A process according|to

claim?2, furtharcarpihiyi Notecular®RANGIE | M9 PRefmMP JURGmBEr Jrdr Matatnacd 1)) © Z
~No ~o- (Il)|O driZ)|qR30 wherein Z i § szheme NOIET €1s8mbs 4 R Xumgnd R
is an al kyl or gryl—group unsubstitutedorisubstrtuted gvith newéjﬂ mar e _
substituents independentlly sel ect™®dof rem tihe ‘g¥éup {consisti ng or dr‘?ydroxyl , -
C -C6 al kyl) CZ-|C6 al keny xy, C~-C4 al kenyl o)y, benzyll oxy,

phenoxy, and phenyl, .; t f formulg (111-a).{28. A cgnmpound
of formula: 1 3 {1 't | 10 ~ JAN 2003 WO 001p4020 ., | , ,

pCT/rJS99/ 15965 O R~ n N

a4 O 4 up to 8 0.111
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~3 and "1 7JAN2003 - - wo ool oaa20 OCH3 OCH~ O "COCHS N ?\T~N'{ﬂ.
IG O N-J - _ 112a SUBSTTTUTE SHEET (RILE 26) PCTNS99115985/ JAN-20
2~1~~'~ 30. ' - wooompound of formula: OR- a ~N~ O O N X |PCY/UMPESRSSN: R~
is: hydrogen; an aryl group unsubstituted or substituted with one or nore
substituents independently selected fromthe group consisting of hal ogen)
hydroxyl) NO-) GFA, C -C6 alkyl, C-C6 éﬁ@il C -CdalkylToxy) C-—-Ca
al kenyl oxy) benziylaoxy,  phenoxy) amino) a phenyl ; an alkyl or al kenyl
group unsubsti tu(t €admpeumsiup s Mdechilad Stméthreong hrepurbye Biuinbér df e Rb@amase
i ndependent |y se| eStmbed rpm t he group consi Stiieng Nof | Cisefsarsal |Kigl, ), (0¥ Gd
al kenyl) C4-C6 clycl oal kenyl, anc&hydr oxy, adapmgnyli{ C3;C8 dycl @al kyl} or
CS- C~ cycl oal kenyl group unsg‘ﬁﬁ‘fi tuted or substitutpd with gne or norie
substituents i ndependentl Y 1S €] f(‘?‘bmt ne group gonsisting of C~—- 4
alkyl) C~-C4 alkenyi? C -[a yoand hydroxy; pr C(R~ i) (R"'")(R13),
"where R~ ~ and R~'- are epch indépepdent!ly|lower alkyl, or R~~ and R+~
together with the atom to| which fRey ’E\rée bound formcycl oal klyL) and R~3 is

H OH lower alkyl, aryl){or (CH)"-O vhere nis 0, |, 2, or 3, afnd W-
is R or CCOR){wth RZ pbeing C-C~ al kfl {unsubstituted or |substituted
with one or two jrethoxy groups; X is hydr®gen) cyanp, C -C, jl kyl oxy,

widi et hoxymethyi)|or =0 apd Y is hydr ogéf ¢r an alkyl) al kenyl) benzy]) or

§.§§3"cyc| oal kyl grouptunsubstitfuted or substitutied with éne or nofe substifuents

i ndependently se|ected fromt be, @y oup consilsting of} al kyl; @rylt8 al kpxy;
hydroxyal kyi ; aryl oxy; al kenyd xy' hydr oxy;| benzyl oxy; phenoky; (CHOPtO W

“and (CH-)p-N-W'|where p {30 cand W is Rl or CCOR) where|lR is

an aryl) alkyl) or aikenyl gr substityted or substituted with ong or
nore substituent$ indepenglently 2 d friomthe gfoup cons|sting of|aryl,
al kyl') and al koxy; aB@l (Ci)P~-C(O—+& and (CH)+, ~-C(O-NW~, where p'

is 0) | ) or ? and V4'''+ is an al kyP; ab ~ ~ +~~t 2003|or X and}Y.
together with the carbon ting atom and nibrlogen hetgroatomtp which they
are respectivel yjbonded) forma 5- to 7- #fertber ed satjurated of unsatur ated
heterocyclic ring unsubstiituted or substltuted wi thjone or npre
substituents J) K—art—t—trhere—3—K—ant—Hrepreseft—substituents
i ndependently selfected fromthed h cofidi|st i nb of oxo)2 and|{ C, -5
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trifiuoronethyl, {trifluoraonethoxy) and subsitituents ilinked t¢ the phenyl
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Table 1
Compound Molecular Structure Prepn by | Number of | Rotamase
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pharmaceutically acceptable salt of said conpound. -~ A[ierbﬁth[]ﬂB
sel ected from t h&P8UY consisting of: 1120 ~ 7 JecrusswsessOCH
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N Table 1
Compound Molecular Structure Prepn by | Number of | Rotamase
Number Scheme No. | Isomers K app (BM)
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‘and OCH3 CCH3 / Ow 1l OCCH3 N OO N'O "'~ or pharnaceugmoz é@@ abl e
salt of said conpound. 33. . A process of making a conpou cé ?mgg

clai m 30) conpr W§i%g#2%(a) converting a conpound of formula [CIUEI* 532 N O N
X1Y()Il_a) wherein: R3' is selected fromthe group consisting of
optionally substituted alkyl, alkenyl) OO .1C(CH2)gR3 ~ I CO_CH2) gR3q _aryl)
cycloal kyl ) cy¢l pal kenyl, ~~ , and ~~ ,’pﬂgﬁq_q is O or 1, and R is fan
al kyl or aryl grpup—unasubstitt H—SHbst+ut-ed—w one—oF
substituents i ndpfemaHd jy @lee@ﬂ'é%rrwwmtwel’ Pwp v@w;mbgrph Xyl
C, -C~ alkyl, C pCNumbgenyi . C -C  alkylox Sch@meo allseareys o<hmr&d& oxy)
phenoxy, and phepyl: 112p 17 JA |m12003 X iss: hydrogen; ¢yanos4 Gt C
al kyl oxy; dinethaxynethyl; or oxygen wher ¢ when X |s oxygen) the bong
connecting X to e h g carbon gt g a foubl e bohd; and Y}is hydrogen or
an al kyl , alkeny b zyl) op~c¥cl a yl®gtoup unsubstituted|or subst|tuted
with one or nore substltuents yhdgpendeént | y sel ected fromthe group
consisting of: alkyl; ary]; fOXy; hyd*oxgalkyl; aryl oxy; al kenyl oxy
hydr oxy; benzyl oky; phenok CH~)Q OW' and (CH-)+ NNWZ where pis 0, 1)
or 2 and W' is R3 or Q here R3 isjan aryl) |al kyl, of al kenyl {group
unsubstituted or|substituted vvilthe or mpre substijtuents imdependenily
~iselected fromthe group cpnsi s ng~of aryl) al kyl) and al koxy; and
5ECH!) P~- (O - O W-~ and (H) P~-C(O-N-W' 1) where ' is 0) I, or 2, &nd
W-~is an alkyl L or X anfl Y, together with the carlon ring atom and
nitrogen heteroajomto wh|ch theyoare respectively bonded, forma 5- fo
- 7-menber ed saturated or upsat 2 $§5p(yclic ri mg unsubstituted or
substituted with onelgr npre{su '1 $°1) K) and|L; where{J) K, and L
represent substifuent’® in ntlg/ sel ectied from g§he groupjconsisting of
oxygdgen, and C3-C$ cycl oal ky, Ci -CS al kyl groups {unsubstitiuted or
substituted with{one or nmpre spbstiituents ilndependently sel eqgted fromi|the
group consi sting|of C--GC cyclg%k met hgxy, met haxyphenyl,| and
"~ di met hoxyphenyl ; {or wherejl and(k t bget her {form a phenyl ring unsubstiituted
"~ or .substituted wijth one of nore substituent|s indeperdently sdl ected frlom
- the-group consi stimg of METhoxXy, 1711 aoro ‘Thy;i tgTftuoromgrnox and
substituents |linked to th¢ ' ugh oxygen, nitrogen) carbagn or
sul fur and independently g group corjsi sting qf hal oger
“hydroxyl) NO/) CE3) C, -C6 nyl, G -@ al kyl oy, C2-Ca
“al kenyl oxy, benzyl oxy, phe phenyl ; ynder redyci ng

conditions to a d¢onppund 1" NONIX Y (ID Q) wherein X
and Y are as defijned aboveg;

utaod
Ot CUO Ot e avy v 3icammea
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1 7 JA N 2003 (b) coupling said conpound of fornula (11 F‘Eﬁ \MAN 2008pound
of formula (I1V): OR~- OH O (1V) wherein R is: hydrogen; ary roup
unsubstituted oVOWMEPituted with one or nore 1 substituent®TURYEFEhdent |y
selected fromthe group consisting of hal ogen) hydroxyl, NO-, CF3, C, -C6

al kyl, CzZ-C6 aikenyi. C -CQ alkyloxy) C2-CA al kenyl oxy) benzyl oxy) phenoxy,
"am no) and phenyl; an al kyl or al kenyl grgpie junsubstituted or substi tjuted
with one or nore—substi-tyents—independenty——selected from-the greup
consi sting of Cl-Gompoupg|| MoleculapPicastyre [1Prepn byc| dambensf] | Ramnaps dr oxy:
a C3-Cg cycl oal Ry|Nwwbecs.iC~ cycl oal kenyl gr 8ehemeMoubsisomersed] Bru.4uMsti t ut ed
with one or norg submtityents independently seliected framthe group
consisting of C|-C4 alkyll, C -C4 al kehylcH,C, - C4 al kyl oxy, and hydroxy; or
C(R~')(R 2)(R-3)[) where R and R Z are_each indepenflently | oper al kyl|, or
R~ .and R 2 toggther with the = ich they are bound fprm cycl gal kyl,
and'R ~is H QH |ower al kyl) B (CH,)"-OW) where his 0, I}, 2,
or 3) and W is|R or C(Q) R} wA XnBeing C -C3 alkyl unsupstituted or
substituted with one or tjwo_fgethoxy gr s| 34. Thejuse of c|aim 18,
wherei n t he neurlol ogi cal {dPsorfer is ifmer's di sease. 35| The use| of
claiml18, whereiln the neurol og J n is anmyotrophic | ateral
sclerosis. i 5 i 112r .Al A9l .AY _A{ A@®.A3 .AY
AL A A L AYh. A(L [ Ae, VATY [ AE TAnS% AS L ALT |. AE 5 AYHAE A AQ@ 73

AR, Ah. ATA. . ANY . AU . AL A u -

.

C
121 OT E
o]
O
[e]
c. 5 2 0.15
Ho (‘:H,
[8]
122 <‘>
| A
(o}
FINX
Hl/w
0
o 5 2 1.2
! C CH
B (s tH,
‘ 123 |
O
O AN
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neuntc outgrowth-sumulatmg compound of formula (I-a) or (I-b) and an inert,

pharmaceutically acceptable carrier or diluent. The pharmaceutical compositions may

additionally comprise a neurotrophic factor. These compositions are prepared in unit-

dosage forms appropriate for various routes of administration.
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by administration of pharmaceutically active metabolites (products of metabolic
conversions) of the compound.
A compound of formula (I-a) or (I-b) is administered in a suitable dosage form

10 prepared by combining a therapeutically effective amount (i.e., an efficacious level

sufficient to achieve the desired the;;peutic effect through FKBP regulation) of a

compound of formula (I-a) or (I-b) (as an active ingredient) with standard

pharmaceutical carriers or diluents according to conventional procedures. These

procedures may involve mixing, granufating, and compressing or dissolving the
15  ingredients as appropriate to attain the desired preparation.

The pharmaceutical carrier employed may be in a suitable form, for example,
either a solid or liquid. Exemnplary solid carriers include lactose, terra alba, sucrose,
talc, gelatin, agar, pectin, acacia, magnesium stearate, stearic acid and the like.
Exemplary liquid carriers include syrup, peanut oil, olive oil, water and the like.

20  Similarly, the carrier or diluent may include time-delay material known in the art, such
as glyceryl monostearate or glyceryl distearate, alone or with a wax, ethylcellulose,
hydroxypropylmethylcellulose, methylmethacrylate or the like.

A variety of pharmaceutical forms can be employed. For example, if a solid

carrier is used, the preparation can be tableted, placed in a hard gelatin capsule in

25  powder or pellet form, or formed into a troche or lozenge. The amount of solid carrier
may vary, but preferably will be from about 25 mg to about 1 g. If a liquid carrier is
used, the preparation will preferably be in the form of syrup, emulsion, soft gelatin
capsule, sterile injectable solution or suspension in an ampoule or vial, or nonaqueous
liquid suspension.

30 " To obtain a stable water-soluble dose form, a pharmaceutically acceptable salt

30
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total volume. In a preferred embodiment, the active compound of formula (I-a) or (I-b)

is dissolved in DMSO and diluted with water. The composition may also be in the

form of a solution of a salt form of the active ingredient in an appropriate aqueous

10 vehicle, such as water or isotonic saline or dextrose solution.
It will be appreciated that the actual preferred dosages of the formula (I-a) and
(I-b) compounds used in the compositions of this invention may vary according to the
particular complex being used, the particular composition formulated, the mode of
administration and the particular site, and the host and disease being .treated. Optimal
15  dosages for a given set of conditions can be ascertained by those skilled in the art using
conventional dosage-determination tests, e.g., in view of the experimental data
provided herein. For oral administration, the usual daily dose generally employed is
from about 0.001 to about 1000 mg/kg of body weight, with courses of treatment
repeated at appropriate intervals. Initial pharmacokinetics for humans may be
20  determined from the rat model as described by Gold et al., Experimental Neurology,
147:269-278 (1997).
The pharmaceutical compositions containing active éompounds of the present
invention may be manufactured in a manner that is generally known, e.g., by means of

conventional mixing, dissolving, granulating, dragee-making, levigating, emulsifying,

25  encapsulating, entrapping, or lyophilizing processes. Pharmaceutical compositions
may be formulated in a conventional manner using one or more physiologically
acceptable carriers comprising excipients and/or auxiliaries which facilitate processing
of the active compounds into preparations that can be used pharmaceutically. Of

course, the appropriate formulation is dependent upon the route of administration

30 chosen.
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agents may be added, such as cross-linked polyvinylpyrrolidone, agar, or alginic acid
or a salt thereof such as sodium alginate. -

15 Dragee cores are provided with suitable coatings. For this purpose,
concentrated sugar solutions may be used, which may optionally contain gum arabic,
polyvinylpyrrolidone, Carbopol gel, polyethylene glycol, and/or titanium dioxide,
lacquer solutions, and suitable organic solvents or solvent mixtures. Dyestuffs or
pigments may be added to the tablets or dragee coatings for identification or to

20  characterize different combinations of active compound doses.

Pharmaceutical preparation forms that can be used orally include push-fit
capsules made of gelatin, as well as soft, sealed capsules made of gelatin and a
plasticizer, such as glycerol or sorbitol. The push-fit capsules can contain the active

ingredients in admixture with filler such as lactose, binders such as starches, and/or

25 lubricants such as talc or magnesium stearate, and, optionally, stabilizers. In soft
capsules, the active compounds may be dissolved or suspended in suitable liquids,
such as fatty oils, liquid paraffin, or liquid polyethylene glycols. In addition,
stabilizers may be added. All formulations for oral administration should be in
dosages suitable for such administration. For buccal administration, the compositions

30  may take the form of tablets or lozenges formulated in a conventional manner.
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penetrants appropriate to the barrier to be permeated are used in the formulation and
may be selected form those known in the art.
25 Pharmaceutical formulations for parenteral administration include aqueous
solutions of the active compounds in water-soluble form. Additionally, suspensions of
the active compounds may be prepared as appropriate oily injection suspensions.
Suitable lipophilic solvents or vehicles for preparing such formulations include fatty
oils such as sesame oil, or synthetic fatty acid esters such as ethyl oleate or

30 triglycerides, or liposomes. Aqueous injection suspensions may contain substances



310%/, V& ()- Smlo%& ()-@

SNL0% & () - @ OAYAOAY0A% % 10%%& () - f 9810%A%: () - 0, oolqads] [JAN 2803

u& U(10%0, q& () woldboddeel0% , t & () - | B(10%, x& () - pTB(10% , In&rtukssrrsses
egB(10%, a& ()-) 3 310%& ()-stuuuuuuuwws510 | 3 10% # & ()-( "

10% # & ()-2(10, 10, 10, " 610% & () -

& U(10% & () - & U(O%ordo k) ik Yinds : T NATE & ()--
L310% # & () - - :ﬁ%éfﬁ%ejﬁ%%é@( b AR Sben D didn oS st otymmecy A, ()
"3-10% # & () - {} }sobTelsndeyttan~ Ontarally) thesosgemiop mapaleo ¢onter siitably siebilizers or

@LO% # & ()-- ° SN dcress  de G A R pradEdron 87310

X 10%t & ()?s (15%&%1-%@%% 54 E@%Q?‘dé}%(‘@% 6’%“%‘%4@{%] %‘”(f%-t H-%%J&/q[’&-%?)- |

tg%&&'(§)-sc}|([l:a/Tzﬁ%h)ly@:ﬂang%%so&ri@)w P3(10%,}& ()-3 \3(10%, & ()-3 \(10%
"()-S " (10% & ()-S MKO(10%] 7& () ~S=>2@. VU410 . 10% & ()=,

10% & () - 10, (1)50?' 10, 6%@3}?@5"?‘) P@i’%&l?‘f@@%‘%@é’( %A"g’fﬁm(é %‘%‘[”‘J”% Prywio

;(# igﬁf ¢ ;& §)> B \lja(dilx{]i-k%tratmgzs gg mjégma}gbibrgpafd\ﬁé 8I:ﬂnxms;380cl(: m% o‘f/ B (cRBbund &F ( ) -
0% - : 20 &. () - %9 & .(.) - % "()-

XF(10% & ()- F( 10’5?%’9"’( §-2) %‘(@%ﬂ m(")("%l yﬁp?ﬁg@a@aﬁm@%oly%t}cgg%fai%_/ b and

+y109% & () -f i +y1@09omdxiloe-i iscbdofMed’ ifith-Bunic o5t §itable for administration by

#s$10% & () - 2 UC8 () - W& ()-: % & ()-:
1510% & ()-3245672LUDC10 g10%Ca ()-S }S 10 & ()1 S 10%8 ()1 S

10 Alternatively, the active ingredient may be in powder form for constitution

with a suitable vehicle, e.g., sterile pyrogen-free water, before use. The compounds
may also be formulated in rectal compositions such as suppositories or retention
enemas, e.g, containing conventional suppository bases such as cocoa butter or other
glycerides.

15 In addition to the formulations described previously, the compounds may also
be formulated as a depot preparation. Such long-acting formulations may be
administered by implantation (for example, subcutaneously or intramuscularly) or by
intramuscular injection. For example, the compounds may be formulated with suitable
polymeric or hydrophobic materials (for example, as an emulsion in an acceptable oil)

20  or ion-exchange resins, or as sparingly soluble derivatives, for example, as a sparingly
soluble salt.

A suitable pharmaceutical carrier for the hydrophobic compounds of the
invention is a cosolvent system comprising benzyl alcohol, a nonpolar surfactant, a
water-miscible organic polymer, and an aqueous phase. The cosolvent system may be

25  the VPD co-solvent system (VPD is a solution of 3% w/v benzyl alcohol, 8% w/v of
the nonpolar surfactant polysorbate 80, and 65% w/v polyethylene glycol 300, made
up to volume in absolute ethanol). The VPD co-solvent system (VPD:5W) consists of
VPD diluted 1:1 with a 5% dextrose in water solution. This co-solvent system
dissolves hydrophobic compounds well, and itself produces low toxicity upon systemic

30 administration. Naturally, the proportions of a co-solvent system may be varied
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Alternatively, other delivery systems for hydrophobic pharmaceutical
compounds may be employed. Liposomes and emulsions are well known examples of

delivery vehicles or carriers for hydrophobic drugs. Certain organic solvents such as

10 dimethylsulfoxide also may be employed, although usually at the cost of greater
toxicity. Additionally, the compounds may be delivered using a sustained-release
system, such as semipermeable matrices of solid hydrophobic polymers containing the
therapeutic agents. Various sustained-release materials have been established and are
known by those skilled in the art. Sustained-release capsules may, dependit;g on their

15  chemical nature, release the compounds for a period of a few weeks up to over 100
days. Depending on the chemical nature and the biological stability of the therapeutic
reagent, additional strategies for protein stabilization may be employed.

The pharmaceutical compositions also may comprise suitable solid- or gel-
phase carriers or excipients. Examples of such carriers or excipients include calcium

20  carbonate, calcium phosphate, various sugars, starches, cellulose derivatives, gelatin,
and polymers such as polyethylene glycols.

Numerous neurotrophic factors have been identified in the art and any of those

factors may be utilized in the compositions of this invention. As used herein, the term

“neurotrophic factor™ refers to substances that are capable of stimulating growth or
25  proliferation of nervous tissue (but excluding the FKBP-rotamase inhibiting
compounds of the invention), e.g., nerve growth factor (NGF), insulin growth factor
(IGF-1) and its active truncated derivatives (gIGF-1), acidic and basic fibroblast
growth factor (aFGF and bFGF, respectively), platelet-derived growth factors (PDGF),
brain-derived growth factors (BDNF), ciliary neurotrophic factors (CNTF), glial cell
30  line derived neurotrophic factor (GDNF), neurotrophin-3 (NT-3), and neurotrophin 4/5
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mon contains a t erapeu 1cally effective amount (i.e., an

amount effective to prevent development of or to alleviate the existing symptoms of a
disease or condition mediated by FKBP) of an FKBP-inhibiting agent of the invention.
The total amounts of the FKPB-inhibitory agent of the inve_ntion and any optional
15 neurotrophic factor that may be combined with the carrier materials to produce a
single-dosage form will vary depending upon the host treated and the particular mode
of administration. Preferably, the compositions of the invention each contains both an
FKBP-inhibiting agent and a neurotrophic factor, with the FKBP-inhibiting agent
acting to potentiate the activity of the neurotrophic factor to enhance stimulation of
20  neurite outgrowth. The amount of neurotrophic factor in such compositions is
advantageously less than the amount required in a monotherapy utilizing only the
factor. Preferably, the compositions are formulated so that a dosage of between 0.01 to
100 mg/kg body weight/day of a FKBPI12-inhibiting agent is administered and a
dosage of between 0.01 to 100 pg/kg body weight/day of a neurotrophic factor is

’ 25  administered to a patient receiving the compositions.

A pharmaceutical composition of the invention may be used in a method of
inhibiting the rotamase enzyme activity of an FK-506 binding protein, comprising
administering the composition to a patient. The inventive compositions may also be
used to stimulate the growth of neurites in nerve cells, to stimulate nerve regeneration,

30  or to promote neuronal regeneration. Preferably, the composition further comprises a

%,
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R‘lO%)&'() ix|[>l;110;) .10% ) Sgn- 610% &"é - "410% )& ()- 109DD& () -
10% )& ()-) 10%;)' & ()- 7EbA; 126°"PRPAb9" xB4(10% (, & ()- “4(10% (,
& ()- 0A0%NwH& ()-f QA0%, & ()-f10; pl0;) EQ $|[>A 110;)3 10%, & ()-@
L610%, & ()- "10% & ()- "10%, & U, & ()- 4(10% |
& ()-%$& ()5BPyX7110 ~ @0% & () Zv+z& ()- !'310% & () -
10% & ()-10(, 10(, 10(,, 10%, & () 7110  Y(10% & ()-Z Y(10%& ()-Z
Y(10% & ()-Z Y(10% & ()-Z1 eP& - & 10%, & ()-G|[:yX7110
y5@O0%& ()- -910% & ()-f I%S
| %810%1* & ()- +; AyX7110 R(1 ) - -X0! 310%+& () g !310% & ()-g Y
@o% & ()- 10$10$10$S##|VI].0°/$&'() A@}] <yX7110 |v° (10%35&'()-- G 10%>& () - -
(10% & ()--{(10% & ()--@10% & ()-- O( 10%&'()--V\N511 z20l 109 & ()- |
0%&(}‘5 %1 0,10,- 05 10% & ()-(10% & ()-- r (10%, & ()--I"|[:w511 9
(10% & (10‘Vi z & ()-G ?09

R'is: hydrogen; an aryl group unsubstituted or substituted with one or

more substituents independently selected from the group consisting of halogen, hydroxyl,
NO,, CF;, C-Cg alkyl, C1-C¢ alkenyl, C{-C4 alkyloxy, C2-Cq4 alkenyloxy, benzyloxy,
phenoxy, amino, and phenyl; an alkyl or alkenyl group unsubstituted or substituted with
one or more substituents independently selected from the group coasisting of C-Cq4 alkyl,
C1-Cq alkenyl, C4-Cq cycloalkenyl, and hydroxy;  adamantyl, C;-Cg cycloalkyl or Cs-
C; cycloalkeny! group unsubstituted or substituted with one or more substitueats
independently selected from the group consisting of C,-C4 alkyl, C,-C, alkenyt, C-C,4
alkyloxy, and hydroxy; or C(R“)(R”)(R”), where R'' and R'? are each independently
lower alkyl, or R'' and R"? together with the atom to which they are bouad form
cycloalkyl, and R"Y is H, OH, lower alkyl, aryl, or (CHz),‘—O—Wl, where n1s 0, I, 2, or 3,
and W' is R? or C(O)R”, with R? being C;-C; alkyl unsubstituted or substituted with one
or two methoxy groups;
X is hydrogen, cyano, C-C» alkyloxy, dimethoxymethy!, or =O; and

Y is hydrogen or an alkyl, alkenyl, benzyl or cycloalkyl group unsubstituted or

substituted with one or more substituents independently selected from the group

consisting of: alkyl; aryl; alkoxy; hydroxyalkyl; aryloxy; alkenyloxy; hydroxy;

benzyloxy; phenoxy; (CH;),,—O-WZ and (CHZ),,-N-WZ, where pis 0,1, or 2, and
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(10% ,1 & ()-G W0 (10%, & ()-GjP3"10% & ()- | 1098& ()- RUAKYZ| RE811
10, 10, 10, @0% & ()-  610% & ()- f2210% & ()-f @10/&'() P

# @10%& ()-Szfw [: RES11 01099(9& () - |10%9(9&'() @10%\(}%2803
Ls@0%) & ()-L 0%9 9&' }{3 1090a) 9& ()-||[: RE811 y" 0% a)/ & ()-g
y"109641& ()-g \ (O)Rx wherq Bogsgn(aryl, al i, goakm»sbarqtp

109%¢& () - /1234@_2Y811 Ym 10% 6, | & () - 1096, & () - - 109a) 9109a) 9109a) 9y

N[Locyeammt(synutemmma)tg&d(vyuh yﬁeltﬁlo,@ar)f:B&b(l)tugﬂLS indppendently seleciagt from, & &' () -y

s'10% & & 109 % 0% " &

10% & (b %é!fOPP fﬂ}%ﬁiﬁflﬂ <§‘ ﬂ% ﬁﬁ%ﬁf ﬂ‘dz?‘%ﬁxyyan%@%gﬂé&é? Gd %"Q(M“S'*i & ()-ya
s’ 10% &(§(b) W&&g&s@r&f@n&@%%&%&m yoNQ [ zY811 s' 10%{ o0& ()-y
s' 1099& "1099& ( ,0s' 10%8& ()-y s' 10%*>& () -

s' 10%/6, V& () - YQNrXﬁtI\d YZKf’gécher withohe O8da fing amhkmnmﬁ/#&e(n)hctefb&tﬁﬁ?ﬁo&' ()-a
9! (10%7+7& ()- NOF% 1096, & ()-z "F% 0%30/&'() zozY811 "10% % &'(s -T-

, SMLO%wWhyigh (hey-are @@l%@way@pnd@ fathg @ 5+ 07 -megdasred: sewratcct)%l*@e% ate

o o s oo BBt ko g BB T
10% !t 8@!6&6 f?‘. K,]Q\(ﬁ[, E‘Brés}nt‘%uﬂ)@ﬂt‘:ﬁt&n@:pé‘ﬁdgﬁ%clccted from the group consisting

ofoxo- , C3- Cs cycloalkyl and C, — Cs alkyl groups unsubstituted or substituted with one

or more substituents independently selected from the group consisting of C3-Cs

cycloalkyl, methoxy, methoxyphenyl, and dimethoxyphenyl; or where J and K together

form a phenyl ring uasubstituted or substituted with one or more substituents

independently selected from the group coasisting of methoxy, trifluoromethyl,

trifluoromethoxy, and substituents linked to the phenyl ring through oxygen, nitrogen.

carbon or sulfur and independently selected from the group consisting of halogen,

hydroxyl, NOi, CF;, C;-Cg alkyl, C.-C¢ alkenyl, C-C,4 alkyloxy, C3-Cq4 alkenyloxy,

benzyloxy, phenoxy, amino, and pheayl;

or a pharmaceutically acceptable derivative which is a prodrug, a pharmaceutically active

metabolite, a pharmaceutically acceptable salt, ester, salt of such ester, or hydrate of said

compound.

2. A compound or pharmaceutically acceptable derivative according to

claim 1, wherein R' is aryl unsubstituted or substituted with one or more substituents

_independently selected from the group counsisting of halogen, hydroxyl, NO,, CF,;, C,-
Ce alkyl, C,-C; alkenyl, C,-C, alkyloxy, C,-C; alkenyloxy, benzyloxy, phenoxy,

amino, and phenyl.

3. A compound or pharmaceutically acceptable derivative according to
claim 1, wherein R' is selected from the group consisting of adamantyl, naphthyl,
indolyl, furyl, thienyl, pyridyl, and phenyl, the phenyl having from one to three

substituents independently selected from the group consisting of halogen, hydroxyl,
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10% 1t & ()-& 10% !t & ()-& 10%!t& ()-& 10% !t & ()- &10%'t&() & pX<81
10% 1t & ()-& 10%'t& ()-& 10% 't & ()-& 10% !t & ()- &10%17& 29035881
10% 1t & ()-®%po0d% 't & ()-& 10% !t & ()-& 10%'t& ()-& ' periissons

10% !t & ()- &Fn| 29881 OMLO% # [& ()-& 83810% & ()- 03&10%& ()-

| 03&10%K" & ()- 3° 3&10%&() 3810%Y& ()-|[:881 31109 & ()-e N 10% & ()-

3ac100i & (10 C ok, SRR BRG T ueBL balhug )

4" 3] 109" &p(@noE;summoESMd)p‘b(Exile 1 10% & ()-(!+ 1 10%& ()- TO MLO% & ()-F!'w MLO%
" & ()- FLOK" 10K" 10K" y#MLO%K" & () - : %E| [:xV51 W 9!10% & ()-3 i 9!10% & ()-3
i °9110% & ()-3 3°110% & ()-1 V' 110% & ()- G110% & ()-E JMNOP\ kvUa1 301"
10%s(s& ()- 3 19%(s W& o 2 B D! 10%

& ()-3kz7 (|\<€u41 %Cé(%“iow(l o %fk@‘i@f W&%efge?b%gﬂg‘%w %(1231’( £ 0)-

| 10%(s& () <lim 300kereheR{ i 3,4, 3 tringvoxpghepyL () * +, . yzxX@1 3Y(| Y(109%d(1& () -

| Y(1094(1& ()-- Y(IY(10%(1& ()-- |Y(10%(1& ()-- Y(z{pX<4l

31 Y(109%4(1& ()-- Y(IY(10%(1& ()-- | Y(10%(1& ()-- Y(& Y(10%(1& ()--
1Y(1094(1& ()--5:; >F}Q%8Mi56llﬂndl &(ﬁtﬁ%ﬂxécb&x&a)i -acke ab@e@éa&uoa according to
Y(IY(109%(1& ()-- | Y(10%( 1& Y( 1 Y( 1oo/<1(1 ()-- POxX@1

Y(1 Y(1094(1& ()-- 1Y(10% Y(1Y( 100/&( 1& ()-- 1Y( 100/&( 1& () --

Y( QRoX<41 | Y( 10%1( 1& ()- (10%1( 1& ()-- 1Y( 10%1( 1& () -

: Y(1Y( 109 ( 1 %1 W41 .| Y(10%.( 1 | (0% (1&
; YE| YE 100/<1E fg"%‘)‘ h‘?‘ O%( 1& 2)“ Y MRS 1‘&% i 4&\1}"? "‘9 (180

“Y(1 Y( 109 ( Wfiked-in cihi¥ L0%A( 1& e) “Y( 1 Y(109%4( 1& () 1 Y( 100/&( 1& () -
Y(\] ~px<al | Y(109(1& ()-- Y(I Y( 10%1( 1& ()-- | Y( 0% (1& 0
Y(I Y(10%( 1& () - IY( 1094 (1& ()-- ~-sW4l | Y(1094(1& ()-- | Y(109%(1& ()-

00 O SR Do AR e skt SR, )

Y( EFquNbl\l-cialrﬂlO%VWr&n(W 4is C(PDIVHR'()) wherkORECAAR"? td RMHLIAXBE {tdm fto
I % 9% & ()- 0 - - ~ 0
. 91 GLO% % & vgtzichf they are l)/;uééd%oél? cyZ%%%tle ér'cyclohcxy#%gd/éR& 1§ %eiected#lo q{] 8

lower alkyl, aryl, and (CH,),-O-W', where n is 0, 1, 2, or 3, and W' is R? or C(O)R?,

where R* is C,-C, alkyl unsubstituted or substituted with one or two methoxy groups.

7. A compound or pharmaceutically acceptable derivative according to

claim 6, wherein R' is selected from the group consisting of:

(CH2)m Q)m Q(Cf)m
AT R RS
@} (e} (8]
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#1098Y6& () - #10Y@E&' ()- 10%WWE&E ()- 10%@E@& () - OvU5f 10% & () -
|

|, F109% & ()- !, F10%)& ()- | s10%)& ()-101010 % g@g

YY96 @LOYE: v o6diddis: HL_?vUSf f 1094 & ()- f10% & ()- flO%{&:((T sng %?&'()
f109% & ()- f10%& ()- LQTUV[]_?vUsffl109%& ()- f1l0%& ()- #3af 10%& ()-
f109%€ & ()- f10% & ()- ]agi mp[?vUsff109%& ()- #3af109%& ()- f10%& ()-

f10% & () - (é,g%&'()- pt{[?vUBIf 10% & ()- #3af10% & ()- f10%& ()-
f10% & () FL0% & ()o— _CvUsff 0% 1") #3af 104 & ()- f10% & ()-

f109% & ()

0% & (Y- gGt5f1 A)- fL0%& ()- fl0% & ()- f10% & ()-
f109% & () =y ;

1094 & k-
o+ O,agxc? s OH  wheremis 1 or2.

8. A compound or pharmaceutically acceptable derivative according to
claim 1, wherein R' is C(R")(R')(R"), where: R!' and R" are each independently
methyl or ethyl; and R" is H, OH, lower alkyl, aryl, or (CH,),-O-W', where nis 0, 1, 2,
or 3, and W' is R* or C(O)R?, where R? is C,-C, alkyl unsubstituted or substituted with

one or two methoxy groups.

9. . A compound or pharmaceutically acceptable derivative according to

claim 8, wherein R' is selected from the group consisting of:

h\1</0\/0\

10. A compound or pharmaceutically acceptable derivative according to
claim 1, wherein Y is alkyl substituted with one or more substituents independently
selected from the group consisting of alkyl, aryl, alkoxy, hydroxyalkyl, aryloxy,
alkenyloxy, hydroxy, (CH,),-O-W?, and (CH,),-N-W?, where: pis0, I, or 2; and W’ is
R’ or C(O)R’, with R® being alkyl, alkenyl, aryl-alkyl, or aryl unsubstituted or
substituted with one or more substituents selected from the group consisting of alkyl,

aryl, and alkoxy.

11. A compound or pharmaceutically acceptable derivative according to

claim 10, wherein Y is selected from the group consisting of:
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_72+5f 1094 & 109% & ()- f10% & ()- f1l0%& ()- f10%& ()- #3af 100/ & ()-
RH+5f 1004 & 10% & ()-  F10%& ()- f10%& ()- f10%& ()4 q()-
cC+5f 109% &ivk o6 ) - T10% & ()- f10%& ()- f10% & ( ) ;lg&g« & ()-
d@5f 10% &#3af 10% & ()- f10%& ()- f10%& ()- f10%& (

#3a#$v&hLO5f 10%1 & ()- f10% & ()- #3af 10%& ()- f 10%1 &' ( y- £10% & ()-

flO‘%(&'()rrr

/ QBhL,
#3af 109 & 8

f10% & () - ;ﬁlo%&' f10% & ()- f10%& ()-

6783 | ""S5r10%T(1QIRY() - s$ d(10% & () - s$(
s$F10% & ()- #3a"#] nY%%pY% Ysf YSF F
109KK(k& () - (10 10 10% & ()-Z $(10% & s$ x(1o%$¥gt&'() s$
£ (10%(p& ()-s$| A& r((|[:fY8Ff  (10%& ()-F (109%K(& ()

(10UK(& ()-F } (10%/ W& ~)-F 9! 310%K(& () -f
9! 3109KK( k& ()-f(*+,, [ :fvsf
f[‘)
/

@]

\

- ) 12, A compound or pharmaceutically acceptable derivative according to
claim 1, wherein X and Y, together with the carbon ring atom and nitrogen heteroatom
to which they are respectively bonded, form the unsubstituted or substituted 5- to 7-
membered saturated or unsaturated heterocyclic nng optionally having, in addition to

said nitrogen heteroatom, one additional heteroatom selected from the group consisting

of O and N.

13. A compound or pharmaceutically acceptable derivative according to
claim 12, wherein said 5-7 membered saturated or unsaturated heterocyclic ring is

selected from piperidine and piperazine.

14, A compound selected from the group consisting of:
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or a pharmaceutically acceptable derivative thereof which is a prodrug, a
pharmaceutically active metabolite, a pharmaceutically acceptable salt, ester, salt of such
ester, or hydrate of said compound.

16. A pharmmaceutical composition comprising: a rotamase-inhibiting agent
comprising a therapeutically effective amount of at least one compound or

pharmaceutically acceptable derivative of claim 1; and a pharmaceutically acceptable

cartier.

17. A pharmaceutical composition according to claim 16, further
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20. The use according to claim 18, wherein the neurological disorder is

Parkinson's disease,

21. The use according fo claim 18, wherein the therapeutically effective
amount of a compound or pharmaceutically acceptable derivative further comprises
a neurotrophic factor selected from the group consisting of nerve growth factor,
insulin growth factor and its active truncated derivatives, acidic and basic fibroblast
growth factor, piatelet-derived growth factors, brain-derived neurotrophic factor,
ciliary neurotrophic factors, glial cell line-derived nerotrophic factor, neurotrophin-3,

and neurotrophin 4/5.

22. A process of making a compound or pharmaceutically acceptable
derivative according to claim 1, comprising:

(a) converting a compound of formula (tll-a):

N
A
kA

O

<-2 Z2

(Ill-a)
wherein:
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alkoxy; and (CH,)p-C(0)-0-W? and (CHy),-C(0)-N-W?*, where p’ is 0,1, or 2, and W

is an alkyl;

or X and Y, together with the carbon ring atom and nitrogen heteroatom to which
they are respectively bonded, form a 5- to 7-membered saturated or unsaturated
heterocyclic ring unsubstituted or substituted with one or more substituents J, K, and L;
where J, K. and L represent substituents independently selected from the group consisting
of oxygen, and C:-C; cycloalkyl and C;-Cs alkyl groups unsubstituted or substituted with

one or more substituents independently selected from the group conststing of C;-Cs
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wherein X and Y are as defiped above; and

(b)  coupling said compound of formula (HI-b) with a compound of formula
(Ivy:

O
]! /u\“/OH
0 (V)
wherein R' is: hydrogen; an aryl group unsubstituted or substituted with one or more
substituents independently selected from the group consisting of halogen, hydroxyl, NO.,
CF3, Cy-C alkyl, C>-Cg alkenyl, C-C, alkyloxy, C1-C4 alkenyloxy, benzyloxy, phenoxy,
amino, and phenyl; an alkyl or alkenyl group unsubstituted or substituted with one or
more substituents independently selected from the group consisting of C;-C, alkyl, C>-C,4
alkenyl, C;-Cg cycloalkenyl, and hydroxy; a C3-Cg cycloalkyl or Cs-C; cycloalkenyl group
unsubstituted or substituted with one or more substituents independently selected from
the group consisting of C;-C, alkyl, C5-C4 alkenyl, C,-C, alkyloxy, and hydroxy; or
C(R")(R'z)(R”), where R'' and R"? are each independently fower alkyl, or R'! and R"
together with the atom to which they are bound form cycloalkyl. and R'' is H, OH, lower
alkyl, aryl, or (CHa),-O-W' +Wherenis 0, 1, 2, or 3, and W' is R2 or C(O)R*, with R?

being C;-C1 alkyl unsubstituted or substituted with one or two methoxy groups.
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where Z is bcnzyloxycarbonyl.

23. A process according to claim 22, wherein the compound of formula
(II-a) is
Z
N
: OMe o) Njw/OM
o) N )
MeO or COCH , where Z is benzyloxycarbonyl.

26. A process according to claim 22, wherein the compound of formula

(111-a) is selected from the group consisting of:
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where Z is benzyloxygarbonyl.

27. A process according to claim 22, further comprising:

converting a compound of formula (II):

o)
~N
o 0" o
(ID)
o}

~CO(CH,)R*
wherein Z is "_Ll

, where q is 0 or 1, and R¥ is an alkyl or aryl
group unsubstituted or substituted with one or more substituents independently
selected from the group consisting of hydroxyl, C,-C; alkyl, C,-C, alkenyl, C,-
C, alkyloxy, C,-C, alkenyloxy, benzyloxy, phenoxy, and phenyl,

to said compound of formula (I1I-a).

28. A compound of formula:
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cycloalkenyl, and hydroxy, a C C cycloalkyl or C,-C,; cycloalkenyl group
unsubstituted or substituted with one or more substituents independently
selected from the group consisting of C,-C, alkyl, C,-C, alkenyl, C,-C,
alkyloxy, and hydroxy; or C(R'")R"*)(R"), where R" and R" are each
independently lower alkyl, or R'' and R together with the atom to which they
are bound form cycloalkyl, and R" is H, OH, lower alkyl, aryl, or (CH,),-O-
W', where nis 0, 1, 2, or 3, and W' is R? or C(O)R?, with R? being C,-C, alkyl
unsubstituted or substituted with one or two methoxy groups;

X' and X* are each independently hydrogen, cyano, C,-C, alkyloxy,
dimethoxymethyl, or =0; or X' and X? together form a valence bond; and

Y is: hydrogen; an alkyl, alkenyl, or cycloalkyl group unsubstituted or
substituted with one or more substituents independently selected from the
group consisting of alkyl, aryl, alkoxy, hydroxyalkyl, aryloxy, alkenyloxy, and
hydroxy groups unsubstituted or substituted with one or more substituents
independently selected from the group consisting of hydroxyl, C,-C, alkyl, C,-
C, alkenyl, C,-C, alkyloxy, C,-C, alkenyloxy, benzyloxy, phenoxy, and
phenyl; or (CH,),-O-W* or (CH,),-N-W?, where p is 0, 1, or 2, and W* is R’ or
C(O)R’, with R’ being an alkyl, alkenyl, or aryl group unsubstituted or

110



(1098 ME& ()-  Oy10% & ()- % Py109%& ()- - 10%&& ()- [0100%#& ()-)
. 17 109%R& ()-"$*,.|[:aTG' 10% ~ 10%l $h& 109% & % L0
910%&'(9 <10ty&!&'[(§i-) #P(lO‘VZ&Z&'(Q - TfjAﬁ?Uﬂq
. 02468: <k N1GVered@B®e () - S"10%8& () -1 1 109%8& () - F10%RE () - TROVRIBIY 15968
1098& () - (MLOYRE ()-<>?@JIN hyX7" Y10% & ()- ; OY10%| b& () - % 109%& () -y

10994 ()-10&10810&&#2109%&R& ()-3hlty|[:yX7" ~NP f 10%t& () - f109D! & () -
FL09MB& K ith/) one o € iy e LL B
" 10984& () ()10%/&' (%ﬁ%@c%ﬁv Ehg r;]!:<lly)n:l,p‘:/%/?ssgl_au M Xa%%ge@{@z(g 1%@ i‘%rﬁ 14e8€ ()

(1098& () - Sn@5|gg@qmmgqfa@kmw(al)cmg@zm%/&'() " &1098& () - @@10%/&'(

Y4 0%9& () - 1098& ( 1 0% ()- )10% &
)0%:$F&' (§) &I 0%%£“€)° L%é‘/&%ﬁg‘%ﬁ%ﬁgﬂﬁa g gﬁ"’% erz\‘7“§‘£1 /& &()-g
K 10%& ()-9 % 18 dén&elerostbm 04 %&stﬁ)ctu:}z‘ @Q%P/‘Y&s (:()thecpfoﬁxﬁ\éLgLSl)Sl 10% %
& ()-T s<10%%&' ()= 'mLOY%& ()- v "mLO%."& ()- ]' mLOYB! 8& () -

" 49%4.0%, $n&' () - Z0baporbersd Faurated upRsEtyateds etrygegcelic) ringl opdegally) comAinwg s’ () -

a0 ) SO MR (AR SR it (g
ffp@ 10%6l S& (gaturat@odﬂ%u&te@ﬁetero@cﬂ%r&g(b)emg optlddiiy {ubstifhteydhlatie( ) -
Sy10% & ()- } CBX Xr7n'<')rge stitfstltuents selecttg& from J, K, and L, which are independently

oxygen, C;-C; cycloalkyl, or C,-C; alky! optionally substituted with one or two

substituents independently selected from C,-C; cycloalkyl, methoxy,

methoxyphenyl, or dimethoxyphenyl, or J and K taken together form a phenyl

ning optionally substituted with one or more substituents selected from

methoxy, trifluoromethyl, trifluoromethoxy, and suitable substituents linked to

the phenyl ring through oxygen, nitrogen, carbon, or suifur;

or a pharmaceutically acceptable derivative of said compound.

29. A compound or pharmaceutically acceptable derivative according to

claim 28, wherein said compound is selected from the group consisting of:

OCH;

OCH,
o
/ENB °
07 N

OCH;,
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30. °  * A compound of formula:

wherein:

R'is: hydrogen; an aryl group unsubstituted or substituted with one or more
substituents independently selected from the group consisting of halogen, hydroxyl, NO,,
CF,, C-Cs alkyl, C1-Cg alkenyl, C{-C, alkyloxy, C,-C4 alkeayloxy, benzyloxy, phenoxy,
amino, and phenyl; an alkyl or alkenyl group unsubstituted or substituted with one or
more substituents independently selected from the group consisting of C;-Cj alkyl, C1-Cq4
alkenyl, C4-Cg cycloalkenyl, and hydroxy; adamantyl, C3-Cg cycloalkyl or Cs-C;
cycloalkenyl group unsubstituted or substituted with one or more substituents
independently selected from the group consisting of C;-Cq alkyl, C1-C, alkenyl, C(-Cq
alkyloxy, and hydroxy; or C(R“)(R‘Z)(R” ), where R'' and R'? are each independently
lower alkyl, or R"" and R'* together with the atom to which they are bound form
cycloalkyl, and R" is H, OH, lower alkyl, aryl, or (CH,)o-O-W', where nis 0. 1, 2, or 3,

) and W' is R* or C(O)R?, with R? being C-Cj alkyl unsubstituted or substituted with one
ot two methoxy groups;

X is hydrogen, cyano, Cy-C, alkyloxy, dimethoxymethyl, or =O; and

Y is hydrogen or an alkyl, alkeny!, benzyl, or cycloalkyl group unsubstituted or
substituted with one or more substituents independently selected from the group
consisting of: alkyl; aryl; alkoxy; hydroxyalkyl; aryloxy; alkenyloxy; hydroxy; benzyloxy;
phenoxy; (CHZ)‘,-O-W2 and (CH;),,-N-W2 where pis 0, 1, or 2 and wlis R or CCO)R’,
where R is an aryl, alkyl, or atkenyl group unsubstituted or substituted with one or more
substituents independently selected from the group consisting of aryl. alky!, and alkoxy;
and (CHa)p-C(0)-0-W* and (CH,),-C(O)-N-W*, where p’ is 0, I, or 2. and W™ is an
alkyl:
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or X and Y. together with the carbon ring atom and nitrogen heteroatom to which
they are respectively bonded, form a 5- 1o 7-membered saturated or unsatucated
heterocyclic ring unsubstituted or substituted with one or more substitueats J, K, and L:
where I, K, and L represent substituents independently selected from the group consisting
of oxo, and C;-Cs cycloalkyl and C;-Cs alkyl groups unsubstituted or substituted with one
or more substituents independently selected from the group consisting of C3-Cs
cycloalkyl, methoxy, methoxyphenyl, and dimethoxyphenyl; or where J and K together
form a phenyl ring uasubstituted or substituted with one or more substituents
independently selected from the group coasisting of methoxy, trifluoromethyl,
trifluoromethoxy, and substituents linked to the phenyl ring through oxygen, nitrogen,
carbon or sulfur and independently selected from the group consisting of halogen,
hydroxyl, NO;, CF3, C-Cs alkyl, C,-Cg alkenyl, C;-Cq alkyloxy, C,-C, alkenyloxy,
benzyloxy, phenoxy, amino, and phenyl;

or a pharmaceutically acceptable salt of said compound.

3L A compound selected from the group consisting of:

H (0] HLC CH,
o 3 \/\ [8) (o] (|)

Q CH
Q E E M_es(_\m’ 0 o ’

\ CH,
N CH
\\\0 3 fo) 013 N
lo ; ()
o o H,C ﬁ\/\/\@
(o}
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or a pharmaceutically acceptable salt of said compound.

32. A compound selected from the group consisting of:
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aryl, cycloalkyl, cycloalkenyl, -~ and —~

XL 1

,where qisOor I,
and R" is an alkyl or aryl group unsubstituted or substituted with one or more
substituents independently selected from the group consisting of hydroxyl, C,-Cq alkyl,

Cy-Cs alkenyl. Cy-C, alkyloxy, C,-C, alkenyloxy, benzyloxy, phenoxy, and phenyl;
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‘substituted with one or more substituents indepcndently selected from the group
consisting of: alkyl; aryl; alkoxy; hydroxyalkyl; aryloxy; alkenyloxy; hydroxy; benzyloxy;
phenoxy; (CH,),-O-W? and (CHa),-N-W? where p is 0, 1, or 2 and W* is R* or C(O)R’,
where R’ is an aryl, alkyl, or alkenyl group unsubstituted or substituted with one or more
.substituents independently selected from the group consisting of aryl, alkyl, and alkoxy;
and (CHa),--C(0)-0-W? and (CH,),-C(O)-N-W? where p is 0, 1, or 2, and W* is an
alkyl;

or X and Y, together with the carbon ring atom and nitrogen heteroatom to which
they are respectively bonded, form a S- to 7-membered saturated or unsaturated
heterocyclic ring unsubstituted or substituted with one or more substituents J, K, and L;
where J, K, and L represent substituents independently selected from the group consisting
of oxygen, and C;-Cs cycloalkyl and C,-Cs alkyl groups unsubstituted or substituted with
one or more substituents independently selected from the group consisting of C3-Cs
cycloalkyl, methoxy, methoxyphenyl, and dimethoxypheunyl; or where J and K together
form a phenyl ring unsubstituted or substituted with one or more substituents
independently selected from the group consisting of methoxy, trfluoromethyl,

% trifluoromethoxy, and substituents linked to the phenyl ring through oxygen, nitrogen,
carbon or sulfur and independently selected from the group consisting of halogen,
hydroxyl, NO,, CF;, C-Cs alkyl, C,-Cg alkenyl, C-C4 alkyloxy, C;-C4 alkenyloxy,
benzyloxy, phenoxy, amino, and phenyl;

under reducing conditions to a compound of formula (HI-b):

/H
' .
07 N7 X
Y (I-b)

wherein X and Y are as defined above; and

—— e — e
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(b)  coupling said compound of formula (IfI-b) with a compound of formula

(Iv):
O
R! /“\"/OH
o av

wherein R' is: hydrogen; an aryl group unsubstituted or substituted with one or more
substituents independently selected from the group consisting of halogen, hydroxyl, NO,,
CF;, C-Cs alkyl, C,-Cs alkenyl, C-C,4 alkyloxy, C;-C,4 alkenyloxy, benzyloxy, phenoxy,
amino, and phenyt; an alkyl or alkenyl group uasubstituted or substituted with one or
more substituents independently selected from the group consisting of C(-Cq alkyl, C,-C,4
alkenyl, C4-Cs cycloalkenyl, and hydroxy; a C;-Cg cycloalkyl or Cs-C; cycloalkenyl group
unsubstituted or substituted with one or more substituents independently selected from
the group consisting of C;-C, alkyl, C,-C, alkenyl, C,-C, alkyloxy, and hydroxy; or
C(R")(R'Z)(R”). where R'' and R"? are each independently lower alkyl, or R'" and R"
together with the atom to which they are bound form cycloalkyl, and R"? is H, OH, lower
alkyl, aryl, or (CH;),-O-W', where nis 0, 1, 2, or 3, and W' is R or C(O)R?, with R

being C-C; alkyl unsubstituted or substituted with one or two methoxy groups.

34. The use of claim 18, wherein the neurological disorder is Alzheimer’s disease.
35. The use of claim 18, wherein the neurological disorder is amyotrophic lateral
sclerosis.
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