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for the principal T0snapmbscppiessantadeagsinorcioapdni-past(65AY,. sFK506
and rapanycin. Known cl asses of imunophilins are cyclophilins and FK506
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BACKGROUND OF THE INVENTION

10 1. Field of Invention
This invention relates to neurotrophic low molecular
weight, small molecule heterocyclic thicesters and
ketones having an affinity for FKBP-type immunophilins,
and their use aé inhibitors of the enzyme activity
15 associated with iImmunophilin proteins, particularly
peptidyl-prolyl lsomerase, or rotamase, enzyme activity.

2. Degeription of Related Art

The term immunophilin refers to a number of proteins

that - sexrve  as receptors = for the principal
20 immunosuppressant drugs, cyclosporin A (CsA), FK506 and
rapamycin. Known classes of immunophilins are

cyclophilins and FK506 binding proteins, or FKBPs.
Cyclosporin A binds to cyclophilin A while FK506 and
rapamycin bind to FKBPl2. -These immunophilin-drug
25 cbmplexes interface with various intracellular signal
transduction systems, especially the immune and nervous

Systems.



2 | rmuf*gophi lins are known to have ‘peptidyl-prolyl isonerase (PPlase), or
r ot amase, ctivity. It has been determ ned that rot enzyne
activity;ﬁﬁ@é%ﬂgugrole in the catal yzation of the interconJ%ﬁ@ﬁ%ﬁ”ﬁF%the
cis and trans isoners of peptide and protein substrates for the

i mrunophilin proteins. |munophilins were originally discongﬁgi?ﬂg st udi ed-
S|I|e

in the imune tissue. It was initially postulated by those in the.
art that inhibition of the 10 i nmunophilins' rotanase activity |leads to
inhibition of T-cehmphebhiBiati Are t RALERY €8UHAERt lg,@ptiimngﬂ&%t ssive
activity exhibited by i munosuppressant drugs, such as Cycl osporin A
FK506 and rapapyemeraskul?deissl udy hasashee) bhatimehactabibiti o qfag
rotanmase 15 activity, in and of itself, does not result in

i munosuppr essbyen adkiterinine8chuteitberoeimate , efeiyrcect 1990y FQEySZE‘;O, pp.
556-559. I nstead, immunosuppression -~ appears to stemfromthe foriul ation
of a conpl ex ofolsmmnakeppaesdgnttdong cadhamimoghtbhttersiohas hags 20
shown that the inmmunophilin-drug conplexes interact with ternary protein
targetss %3is thefisnam@ ofaastisomerSchfepbpride ahd, pCekkeinlWhstitelreH6,
pp. 807-815. In. the case of FKEP-FK506 and cycl ophilin-CsA, the

i mrunophi | i n- diey toapiexesobinbin gordeeengyne 25 cal cineurin and inhibit
the T-cell receptor signalling which leads to T-cell proliferation.
Simlarly, the WO 9Bm3eas:PCM4887L1683g1inally discovered and studied

in the-immune tissue. It was initially postulated by
those skilled in the. art that inhibition of the
10 immuncphilins’ rotamase activity leads to inhibition of
T-cell proliferztion, thereby causing the
immunosuppressiveactivityrexhibitedhqrimmunosuppressant
drugs, such as ‘cyclosporin A, FK506 and rapamycin.
Further study has shown that the inhibition of rotamase

activity, in and of

(&l

tself, does not result in

fan
- n

immuncsuppréssive activity. Schreiber et al., Science,

- 1890, wvel. 250, pp. B56-559. Instead, immunosuppression
appears to stem from the formulation of a complex of
immunosuppressant drug and immunophi%in. It has been

20 shown ﬁhat the immunophilin—drug-complexes interact with
ternary protein targéts as their mode of action.
Schreiber et al., Cell, 1%91, vol. 66, pp. 807-815. In.
the case of FKBP-FK506 and cyclophilin-CsA, the

- immunophilin-drug complexes : bind to the enzyme

25 calcineurin énd inhibit the T-cell receptor signalling

which liszads to T-cell proliferation. Similarly, the




14 April 2005 3 innunophil'in -drug conpl ex of FKBP—rapanycih interacts
with the RAFT1/ FRAP protein and inhibits the IL-2 receptor sianallin

| mrunophi | WRP8A33#& been found to be present at high concerft

POHBR

central nervous system | munophilins are enriched 10-50 tines nore
central nervous systemthan in the inmmne system Wthin nguwal,dhkss
i mmunophi l'ins appear to influence nitric oxide synthesis, nedrotrans
rel ease .and neuronal 10 process extension. It has been found that

pi conpl ar  CongaRiunpHaNSIHruaN &SI oS URRT cpRBbl raahyas Pkt and o
S ne

rapanycin

stinmulate neurite outgromh in PCl2 cel

ahd sensory

nanely dorsal wieat gaegl RAFTTEFRAP(OREBYck¥ONSndd SihBbinsProge Ofy )

Acad.. Sci .,

1994, vol. 91, pp. 3191-3195. In whole ani mal experinen

FK506 has beemregkpwnrt @ighhliuiage nerve regeneration follow ng facial
nerve injury. Surprisingly, it has been found that certain 20 conpou
with g high affini tymbacpEKBPasahgveObesh f6QhaNBSEnd ik dor Sa@r}gi@
excel 'ent neurotrophic effects. Furthernore, these rotanase inhibito
devoi d Bf i'mmuonseppressbus acinvityheThesenkiradi ngsiexsggest dhadise of
rotamase inhibitors in treating 25 various peripheral neuropathies an
enhanci ng neuiwmmahophilins are enriched 10-50 times more. in the

10

20

25

central nervous system than in the immune system. Within

 neural tissues, immunophilins appear to influence nitric

g

n the
in the
ues, -
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rons,
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hi bi t
rs are

d

oxide synthesis, neurotransmitter release .and neuronal

process extansion.

It has been found that picomolar concentrations of

an immunosuppressant such as FK506 and rapamycin

stimulate neurite outgrowth in PCl2 cells and sensory

neurons, namely dorsal root ganglion cells (DRGs). Lyons
et al., Proc. of Natl. Acad. Sci., 1994, vol. %1, pp.
31531-3125. In whole animal experiments, FK506 has been

shown te stimulate nerve regeneration following facial -

nerve injury.

Surprisingly, it has been foupd that certain
compounds with a high affinity for FKBPs are potent
rotamase inhibitors and exhibit excellent neurotrophic
éffects. Furthermore, these rotamase inhibitors are
devoid of immunosuppressive activity. These findings
sucgest the use of zrotamase ;inhibitors in treating
various peripﬁeral neurcopathies and enhancing neuronal

regrowth in the central nervous system (CNS). Studies




regrowth in the central nervous system (CNS). Studies WD 98/13343
PCT/ US97/ 15832 14 April 2005 _ 4 have denonstrated that neurodegenerative
di sorders, WQA33Bs Al zhei ner' s di sease, Parkinson's di seas&CAf§S7/15832

anyotrophic |ateral sclerosis 1 (ALS), may occur due to the | oss, or

decreased availability, of a neurotrophic 5 substance spec{%éghgb . a
particul ar popul ation of neurons affectedsin the disorder. &Vera
neur ot rophic factors affecting specific neuronal populations in the

central nervousiasis Hemonaeark@efnhdenti,H L i€ Lt has been
hypot hesi zed 10 that Al zhei mer s diseasggFgggFE%rﬁgéﬁlad§58F35§§'oFuFBss

of nerve gromﬂhsfacamﬁhéhﬁE}fslt(ﬁg§eégg§-bqﬁﬂﬂgﬁ?ﬂ9§gg %ﬂf%%%%F %%é
er neuro i C

patients with exogenous nerve growh factor or o

proteins, suchaaychraphidelbvedalgsevehotact ohrspl i by derdyedarouth
facter, ciliary 15 neurctrophic factor and neurotropl%-S, o e FBakket he
surviyal of degyeser at beg ﬂeuf@ﬂ@édpp@uéﬂlhﬁﬂiitglInb@ala6¢¢%ﬁfégfg of
these"proteins in various neurological disease states Is anperedp
difficul$ies bnbshendel bpecys andtdi cayairrakiulidy pebuhateenPEet el ns 1o 20
nervous systemtar ets B contras t

affected in the disorder.

Several neurotrophic factors affecting specific
neuronal populations in the central nervous system have
been identified. For example, it has been-hypothesized

10 that Alzheimer’s disease results from a decrease or loss
of nerve growth factor (NGF). It has thus-been proposed
to treat SDAT patients with exogenous nerve growth factor
or other neurotrophic proteins, such as brain derived
growth factor, glial derived growth factor, ciliary

i5 neurotrophic factor and neurotropin-3, to increase the
survival o:i degenerating neuronal populations.

Clinical application of these proteins in various
neu:qlogical disease states is hampered by difficulties
in the delivery and bicavailability of large proteins to

20 ervous system targets. By contrast, immunosuppressant
drugs with neurotrophic activity are relatively small and
display excellent bioavailability and specificity.
However,whenadministereﬂchronically,immunosuppressant

drugs exhibit a number of potentially serious side
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effects incliuding nephrotoxicity, such as impairment of
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r filtration and irreversible interstitial




1) gg i y , mmunosuppressant drugs with neurotrophic activity are
relatively small and display excellent bioavailability and specificity.
However, when adm ni stered chronically, imunosuppressant drugs exhibit a
nunber ofypedpRld al ly serious side effects including nephyQtgehgidsy, such
as inpairnment o glomerular filtration and irreversible i nqtp}gp'}“o?gal- W
98/ 13343 PCT/ US97/ 15832 14 April 2005 5 fibrosis (Kopp et .al., J. Am
Soc. Nephrol., 1991, 1:162); neurol ogical deficits, such as involuntary
trenors, or non-specific cerebral angin& such-as non- |ocalized headaches
(De Groen et al., N Engl. J. Med., 5 1987, 317:861); and vascul ar

hyper-t ensi onf ilbtrdsigonfidrmat ie6nsatesul §i ngi heSetr.onVépbbhah. et 1821, N.
Engl. J. Med., 1989, 321:1725). To prevent the side effects associated
with use of 1ih&2] munevupberessadt deficinds, tshehpr @sentinvedenttiary 10
provi des non-i nmunosuppressive conpounds. containing small nol ecul e FKBP
rot anmase i nHiIRMO¥S, f OF SAPaSPESE réexeboat grBgL N2, asUCHr @wotriony
neuronal growth and regeneration _in.various neuropathol ogical situations

where neur on?cakepedr teadapkepadPri fared, stn@ludi AY: FRGd phkr dfedher ve
| 5 1987, 317:861); and vascular hypertension with. |

compliéations resulting therefrom (Kahan et al., N. Engl.

J. Med., 188%, 321:1725).

To prevént the side effects associated with use of

the immunosuppressant compounds, the preseﬁt invention

10 providesnon-immunosuppressivecompoundscénﬁainingsmall

moleculie FKBP rotamase inhibitors for ehhancing neurite

cutgrowti, and_proﬁoting'neuronal growth and regeneration

in various neuropathologicai situations where neuronal

repair can be facilitated, including: peripheral nerve

=
(R

damage caused by physical injury or disease state such as
diabeteé; physical damage to the central nervous system
(spinal cord and brain); brain damage associated with
stroke; and neurological disorders relating  to
neurpdegeneration, such as Parkinson’; disease, SDAT

20 (Alzheimer’'s disease} and amyotrophic lateral sclerosis.

SUMMARY OF THE INVENTION

The present invention relates to neurotrophic low
molecular weight, small molecule compounds having an

25 “inity for FKBP-type immunophilins. OCnce bound to

ju
s
th

these proteins, the neurotrophic compounds are potent




15 damage caused by physical injury or disease state such as diabetes;
physi cal damage to the central nervous system (spinal cord and brain);
brai n damage associated with stroke; and neurol ogi cal disorders relating
to neurodegeneration, such as Parkinson's disease, SDAT 20 (Al zheiner's
di sease) and anyotrophic |ateral sclerosis. SUMVARY OF THE LNMEN% N The
present invention relates to neurotrophic | ow nolecular weight, snal

mol ecul e conpounds having an 25 affinity for FKBP-type inmunophilins. Once
bound to these proteins, the neurotrop8ic conpounds are potent 14 Apri
2005 inhibitors of the enzynme activity associated with inmmunophilin
proteins, pattibcitcard y qieptilty| -gnoyye asvieiage, assordiatems e wigllzy e
activity. A key feature of the conpounds of the present invention is that
they do ndmmewephiddy sipmetedant | partsupaessi veeattidyilt-prdlyladdi tion

to their neurotrophic activity. Specifically, a first aspect of the pr esent
i nvention ipoonwirdss .a ccomeianhed, fenzyma £€t10itRl | A REylTeatwde
pharnaceutlcally acceptabl e salt thereof, wherein: nis 1 or 2;, Xis Oor
S o of the compounds of the present invention is that they do
S- . not exert any s:LgnJ.,--J.cant lmmunosuppre551ve aCthltY .‘.Ln
addition to their neurotrophic activity;

Specifically, a first aspect of the present invention

provides a compound of formula II

10 _ [CHz]n
Z—R,

II

R>

or a.pharmaceutically acceptable salt thereof, wherein:
n is 1 or 2;
X is O or S;
2 is selected from the group consisting of . . CHg,

20 CHR, and C(Ry) (Ry);



Z is selected fromthe group consisting of 20 CHR, and C (R1) (R2) ; CH21

14 April 2005 7 R, R2, and R3 are independently selected fromthe group
consisting of C, -C5 straight or branched chain alkyl, C2 -C5 straight or
branched chain al kenyl, and Ar, wherein said R, R2, or R3is
unsubstituted or substituted with one or nore substituents Hﬂﬂ?i?ﬂge”tly
selected fromthe group consisting of halo, trifluoronethyl, Mitro, C, -Cs
straight or branched chain alkyl, C2 -C6 straight or branched chain

al kenyl, hydroxy, C, -C4 al koxy, @ -C4 al kenyl oxy, phenoxy, benzyl oxy,
amno, and Ar; R4 is selected fromthe group consisting of C -C9 straight

or ltikammlm! Riwxie ﬁg@bkydlienﬂl@feieeiﬁd ﬂsmg ﬁt:ie@nctvupﬁdfon_lg{]:Istsulgllg:bﬁcd1 @ga}lrgigﬁiz eny ICHZCSR-SCG
cyc : - oal.kenyl .~ a .. provide at when Z is :
"2 S RbhesenTh 5, 6 BRI iR i Bl M bhoro TR B Bene v 1

an . dhoirmhsebstmtdbaysubiiitued wittaeart yidré sulgstitusmts Vadé G dants R frdlf (Y
mul t ndens ri.ags in . which at least one ri is argmatic _and may
contSBUF STRRIER BFfole OB bR B sin RPN e Pty o 6r N, and
S, wdieaighit or brahchefirchiai alkeyh iydiony,atl -0r, alkolds 10,101 Sidemild), fdrdxy,
tri fﬂé@%?ﬂ?%ﬂﬁd hg roxy, nitro, C, -C6 straight or branched chain al kyl,
c2 - 4 r'arg ol ranched chain al kenyl, C, -C4 alkoxy, C -C4
al keryib sstgcter fronathy grdupnaopkistinyg ofdl, -@gkshaighthryeaendd asdieaky0ot, the present
i nv i Ldes,a. nphar eutical .c osition conprising: (j),.an
ef f ?@ﬁ@gﬂgﬂr{%ﬁﬁ}% SRkt G oot iy fcyéﬁ’&’kevwi)‘“da“‘ ‘é’r"%’&é‘é’ﬂ@i cally
accegieal] i @i Ri srethyh X i O dindsipe] theh R kenqeriesdinethylpepjiiand; provi des a use
of S fined in the first aspect for preparing a nedicanment
For M AR A BB AR hRtarely dritn RN A andlaRh BE TR S TRTR R T
DRAWNYISE: WhiGh atlleagt dne ringrieproastio bad may coh@irn s hetgsamii(sPEelected from the
group consisting of O, N, and S, wherein said Ar is unsubstituted or substituted with halo,
trifluoromethyl, hydroxy, nitro, C, -Cs straight or branched chain alkyl, C, -Cs straight or

“branched chain a!keny_l. C -C, alkoxy, C, -C, alkenyloxy, phenoxy, benzyloxy, or amino.

A second aspect of the present invention provides a

pharmaceutical composition comprising:
{1} an effective amount of the compound of claim 1; and

(i1} a pharmaceurically acceptable carrier.

A third aspect of the present invention provides a use
of a compound as defined in the first aspect for preparing a

medicament for effecting a neuronal activity in an animal.

BRIEF DESCRIPTION OF THE DRAWINGS

-“I‘G. 1(A) is a representative photomicrograph of

untreatcad Sensory neurons.



untreat ed sensory neurons. WO 98/13343 PCT/ US97/15832. 14 April 2005 8

FIG 1(B) is a regresentative phot om crograph of conpound 1(%}0 g '

pronot i ng Mead¥ 13343 out growt h in sensory neurons. FIG 1(C) RI7ES97/15832
representative photom crograph of 5 conmpound 1 (1 nM. pronoting neurite
outgrowm h in sensory. neurons. FIG 1(D)-is a representati V&4 Anril 2005 ' :
phot om crograph of conpound 1 (1 M pronoting neurite outgrod%h I'n sensory
neurons. 10 FIG 2(A) is a representativé photom crograph of untreated

5 (10 IV pr oot i n Heuri B ohEoPoRIr T SURG Y  RBGFONGCrogTepl S{Q) | o
tatjve . i d.9 (1 ti ite
out growch i - SSTEBPGECR G ERA" e Bhos (RIPRENE: el dubghoRE AR Sehsszy' ' ©

phot om crogralqgugé' conmpound 9 (100 nM pronoting neurite outgromh in 20
Sensory neurons. el 3(A) is a representative photom crograph of

Compound 10 (10 1M T5F oraing et B -SRI Y np o LY BOGLRILR gk APn ©f
5 . compound 1 (1 nM) promoting neurite outgrowth in sensory
neurons. |
FIG. 1(D) is a representative photomicrograph of
compound 1 (1 uM) promoting neurite outgﬁowth in sensory

neurons.

i) FIG. 2(A) 1s a representative photomicrograph of

(0}

untrsated sensory neurons.
FIG. 2(B} is a representative photomicrograph of

compound 9 (10 pM) promoting neurite outgrowth in sensory

Neurons.
15 FIG. 2(C} is a representative photomicrograph of
compounad 9 (i nM) promoting neurite outgrowth in sénsory
i neurcins.
E FIG. 2{D} 1is a representative photomicrograph of
compound ¢ (100 nM) promoting neurite outgrowth in
20' Sensory neurons.

FIG. 3(A) is a representative photomicrograph of

untreatad SensSory neurons.

FIG. 3(B) is a representative photomicrograph of

ccmpound 10 (10 pM) promoting heurite outgrowth in

25 Sensory neurons.



25 sensory neurons. WD 98/13343 PCT/ US97/15832 14 April 2005 9 .FIG 3(CO
Is a representative photom crograph of conmpound 9 (1 nM pronpting neurite
outgrowth WOa334ry | neurons. FIG 3(D) is a represernt at PGEUSITIS832

phot om crograph of conpound 9 (100 nM pronoting neurite outgrowh in
sensory neurons. FIG 4 presents quantitatian for the recovery riszooérH'

posi tive dopam nergi c neurons in the striatum of aninals recel Vi ng
cconpounds 1, 9 and 10. 10 DETAI LED DESCRIPTI ON OF THE | NVENTI ON
Definitions "Al kyl"_ref er? to.a branched or -unbranched saturated

hydr ocar bon chain dofiai Aithy 15t & 6YRAFBSANREBAES SR oFsicTomranh hof,
ethyl, propyl, iso-propyl, butyl, iso-butyl, tert-butyl, n-pentyl, n-hexyl
and the |ike, W@%‘@igcﬁlﬁé WéePFﬁHPEéPQd?euﬁFRGX?“tQE‘PQFg iB $@eSgrvup - OR
wherein Ris alkyl as herein defined. Preferably, Ris a branched or 20
unbranched satllﬁ}‘é"to&ﬁ'hydrocar bon chain containing 1 to 3 carbon atons.

"Fblo} refers tC)fl#fEP’B?SJOEg’aprgggrggeﬁgggive photomicrograph of
5. compound & {100 nM) promoting neurite outgrowth in
Sensory neurons.

FIG. 4 presents quantitation for the recovery of TH-
positive dopaminergic neurons in the striatum of animals
receiving compcounds 1, 9 and 10.

10
DETAILED DESCRIPTION OF THE INVENTION
-D_g_twm
"Alkyl® refers to a branched or unbranched saturated
hydrocarbon chain contailning 1 tb 6 carbon atoms, such as,
15 methyl, ethyl, propyl, iso-propyl, butyl, iso-butyl,
terc~-butyl, .n—pentyl, n-hexyl and the like, unless
otherwise indicated.

"Alkoxy" refers to the group -OR wherein R is alkyl

as herein defined. Preferably, R is a branched or
20 unbranched saturated hydrocarben chain containing 1 to 3

carbon atoms.

"Halo" refers to fluore, chloro, bromo or iodo,

unless otherwise indicated.

"Iscomers" are different compounds that have the same
25 molecular feormula. "Stereoisomers" are iscomers that

differ oriy in the way the atoms are arranged in space.




unl ess otherw se indicated. "Isoners" are different conpounds that have the
same 25 nol ecular formula. "Stereoi soners” are isonmers that differ only
in the wayW@A¥i3fbns are arranged in space. WO 98/ 13343 PCHUESPA5832 14
April 2005 10 "Enantioners" are a pair of stereoisoners that are non-
superinposable mrror images of each other. "D astereoi song}ﬂ“ AR :
stereoi sonmers which are not mrror images _of each other. " A8 G mi xt ur e”
means a mxture 5 containing equal parts of i ndi vi dual enanti onmers. "Non-
racemc mxturel s, a mxtyre_containin nequal parts of i ndividual

B GRS

enanti omers or SParedPEBhEr s 2TEPRaMfdde URWMARLD| Akl are %S to
har macol ogi caf “HEE T UPES SRE whi ThET & noi BRBESBI of dbF oal F3cHor GH se
i pat e ai g natEeEEE A e e B e Bl SeetT M 87F BPE e
butyrate, cit r%g%%eg%@r?%%?o%%%rca %)égrhjjéo&?}cgurgy%ggéﬁéw i onat e,

di gl uconat e, Ccyi su anhesul Tonate, TURETat €, , ate,
gl ycer ophosph 1 Sul h€ nQat noat hlLori, _
hy-dr obr o?n’ de, %%%gﬁ%%#d%&&% %?%%ygﬁh%\%%giﬁ%%gt%?a%gélg‘%lé,s “mal*€dte, 20

met hanesul f onat g, haphthalenesul.f %&%Egeni:ﬁﬂrtia@ﬁﬁﬁg uf¥8h88Sares of

t hi ocyanate, tosyl ate and undecanoate. anpl es .
individual enantiomers or stereoisomers.

"Pharmaceutically acceptable salt" refers to a salt

of the inventive compounds which possesses the desired

10 pharmacclogical activicy and  which is neither

bioclogically nor otherwise undesirable. The salt can bé

formed with inorganic acids such as acetate, adipate,

alginate, aspartate, benzoate, benzenesulfonate,

bisulfiate ~ butyrate, citrate, camphorate,

=
93]

camphorsulfonate, cyclopentanepropionate, digluconate,

dodecyvlsulfate, ethanesulfonate, fumarate,
glucoheptanoate, glycerophosphate, hemisulfate
heptanoate, hexancate, hydrochloride hydrobromide,

hyd:oiodide,.2-hydroxyethanesulfonate,.lactate, maleate,
20 methanesulfonate, 2-naphthalenesulfonate, nicotinate,
oxalate, thiocyanate, tﬁsylate and undecanoate. Examples
of a base salt include ammonium salts, alkalli metal salts
such as sodium and potassium salts, alkaiine earth metal
salts such as calcium anéd magnesium salts, salts with

25 organic bases such as dicyclohexylamine salts, N-methyl-

D-giucamine, and salts with amino acids such as arginine




of a base salt include anmonium salts, alkali metal salts such as sodium
and potassiumsalts, alkaline earth metal salts such as calcium and
magnesi umWAPHE34kalts with 25 organic bases such as’ di cyclFSHEHIEFhe

salts, N-methyl- D-glucamne, and salts with am no acids such as arginine 1
VO 98/ 13343 PCT/ US97/ 15832 14 April 2005.11 and |ysine. Fﬁg baslc
ni trogen-contai ni ng groups can be quarterni zed with agents |ﬁE

| ower al kyl halides such as net hyl, eth%%, propyl and butyI chlorldes ‘
5 di net di et hyl, dlbutyl

broni des and io g i i al 5 sukﬁ S Ssuc g
and di amyl sufFates® P%ng %ﬁﬁr §I|8@§ E&%?ﬁ?gﬁuﬁﬁn 4%&&%3 SERHRSt y |

d st I hl d b d did al kyl halid h
benzyl and phERBLRS SHrohE AR SapRAT SR e 4 BT aae'er?aslaﬁ@rs Aeric

h | 10 t II tituted | t bst j d ith
S uom s S Eerag RN AR U S o B S B oty
hal o nd haI oak%g{lde;'r atl n esr %Ine éﬁdﬁ(" a&y:e ?ga %lﬁ;&g e, as

di sorder con FOR 15 7 0m oecUtT i

predi sp, sed t IS i SO d/ C on nat
been dlignose 1mé9ﬁ%€in§i§%h ||)8§S t%%n%%?tﬁﬂgﬁﬁgéaggﬂk ?%%fd;P%%
condi tion, chain halides such as decyl, lauryl, myristyl and stearyl

chlorides, bromides and iodides; and aralkyl halides such
as benzyl and phenethyl bromides.
"Phenyl"” refers to any possible iscmeric phenyl
10 radiéal, optionally monosubstituted or multisubstituted
with substituents selected fiom the group consisting of
alkyl, alkoxy,'hydrox?, halo and haloalkyl.
"Treating® refers to:

preventing a disease, disorder or condition_

—

(L

from cccurring in an animal which may be predisposed to

=
n

the disease, discrder and/or condition’ but has not yet
been diagneosed as having ic;
(ii} inhipkiting the diseass, disoraer or condition,
i.e., arresting its developmen:t; and |
20 | {(iii) relieving the disease, disorder or condition,
i.e., causing regressioh of the disease, disorder and/or

condition.

Compounds of the Invention

25 The neurotrophic low molecular weight, small

molecule FXBP inhibitor compcunds of this invention have



~.e., arresting its deve!ophent; and 20 (iii) relieving the disease,

di sorder or condition, i.e., causing regression of the disease, disorder
and/ or coW8i%®BIEH3 Conpounds of the Invention 25 The neur ot FOFHPY/ IS8R
nol ecul ar weight, small nol ecul e FKEP i nhi bitor conpounds of this

i nventi on have WD 98/ 13343 PCT/ US97/ 15832 14 April 2005 12 pﬁﬂﬁﬂﬁﬁgnitY'fOV
FKBP-t ype immunophilins, such as FKBP12. when the neurotrophi'c ‘Conpounds

of this invention are bound to an FKBP-¥¥pe i munophilin, they have been
found to inhibit_ihe, ro% | -peptidyl cis-trans jisonerase | activity, or
rotamase, act®Wi# bIFlEHe %}'n}g’i - SHFURCRD LheRP e ct et A tFFRELR e

neurite growh. FII%?LA | 10 In particular, this invention relates to a
compound  of QB?%UF € MeWEotyropliiqy Fompeupdy qf phis invention are

bound to an FKBP-type immunophilin, they have been found

]
i to inhibit the prolyl-peptidyl cis-trans isomerase

5 activity, or rotamase, activity of the binding protein

and unexpectedly stimulate neurite growth.

FORMULA T
10 In particular, this invention relates to a compound

of formula I:

™~
15 l Ri I
Rz

20 or a pharmaceutically acceptable salt thereof, wherein:
A and B, together with the nitrogen and carbon atoms
te which they are respectfully attached, form a 5-7
membered saturated or unsaturated heterocyclic ring
containing any combination of CH,, 0, S, S0, 30, NH or

25 NR. in anv themically stable oxidation state;

X ig either O or §;




20 or a pharmaceutically acbept abl e salt thereof, wherein: A and B,

together with the nitrogen and carbon atons to which they are respectfully
attached, WOPSHR45- 7 menbered saturated or unsaturated het &FELTE?| ng
contai ning any conbination of CHzZ, O S, SO SO, NHor 25 NR  in any
chem cally stable oxidation state;- X is either 0 or S; WO 98/ 3%@ :
PCTI US97/ 15832 14 April 2005 13 Z is either S, CH2, CHRL or %{' 52; W and
Y are independently 0, S, CH2 or HZ; RL 15C1- C6 strai ght or branched chain

al kyl or "al kenyl , M§heiﬁ%é5}‘b§t i&c%eg{#% g}rﬁl,tecgrR fror e position(s) wth

(Arl)~, (Arl),,.connecté&d by a Cl- i *""ranched chain al kyl or

al kenyl ,” C3-C8 cygk %ﬁ sargal-%%ﬁ%‘{ﬁiggtgy Ocogne&hedop?g}la Cl-C6 straight

0
or branched chain a a‘cofrnation*hereof; nis.1

or 210 R 1l i et Gocot gl gilar prendhhel gkl o alkeryi

C -Cp cycl oal kyl, cycl'valkeny r erein‘said a

OO OFLY oorg IR oR! SAfn (15 SR IR S Lt B9 AbrsuBBEL LAY " one

nore positio strai ght or branched chai or

al kenyls - hydroxefl Qxd) COMnRY ] oBobhgleals 8d Aric,abd Merdlidhe or
i ndependently a nono-, bi- or  tricyclic, carbo- or heferocyc IC ring,
wherein the Kffhched chain alkyl or alkenyl, C,-C, cycloalkyl, C,-C,
cycloalkyl connected by a C,-C. straight or branched
chain alkyllor alkenyl, Ar, or a combination thereof;
n is. 1 oxr 2;

10 R, is either C,-C, straight or branched chain alkyl
or alkenyl, C,-C, cycloalkyl, C.-C; cyclecalkenyl or Ar,,
wherein said alkyl, aikenyl, cycloalkyl or cycloalkenyl
is either unsubstituted or substituted in one or more
position(s}) with C,-C, straight or branched chain alkyl

15 or alkenyl, hydroxyl or a combination therecf; and

Af: and‘ Ar, are indepéndently a meono-, bki- or
tricyclic, carbo- or heterocyclic ring, wherein the ring
is either unsubstituted or substituted in one to three
position(s) with halo, hydroxyl, nitro, trifluoromethyl,

20 C,-C; straight or branched chain alkyl or alkenyi, C,-C,
alkoxy, C.-C, aikenyloxy; phenoxy. benzyloxy, amino or a
combination thereof: wherein the individual ring sizes
are 5-5 members; and wherein the hete£ocyc1ic ring
contains 1-6 heterocatom(s) selected from the group

25 . consisting of O, N, S and a combination thereof.




is either unsubstituted or substituted in one to three position(s) with -
hal o, hydroxyl, nitro, trifluoronmethyl, 20 Cl-C6 straight or branched chain
al kyl or AYQRe8i3B43 C1-C4 al koxy, C,-C4 al kenyl oxy, phenoxy POTAHPYMEBIY

am no.or a conbination thereof; wherein the individual ring sizes are 5-6
menbers; and wherein the heterocyclic ring contains 1-6 he &l qffﬂﬁﬁ( S)

sel ected fromthe group 25 consisting ofl.g, N, S and a conbi ifat]

t hereof. WD 98/ 13343 PCT/ US97/ 15832 14 April 2005 14 Suitabl e nono- and

bi i c. bo- ' Lo ori Gl i th limitati -
naphi iyl . Tndolyl - Pt ARAOIYTOt A hyE.C By P22 nar At ey e
i- i nolinyl s el d Il A d di t of
s i nvent [ onHETS EoRgSaa B el 1ot A0 BT eyt
pharmaceuti cal ky-ggcept gt g-sal§ |t thﬁggn};ﬁfr}er eiﬁrid}rli s1 rﬁ{irgélinyl,

| _

J iscquinolinyl, fluorenyl and phenyl.

FORMULA I1
A preferred embodiment of this invention is a

compound of formula II:

10 [CH2ln |
* : on ‘
N _
IT
: : _O\ . X

Ro>
15

or a pharmaéeutically acceptable salt therecf, wherein:
nis 1 or 2;
X is O or S;
Z is selected from the group cor}_sisting of 8, CH,,
20 . CHR, and C(R;),;

R, is selected from the group consisting of C,-C;
straight or branched chain alkyl, GC,-GC; straight or
branched chain alkenyl, Ar, and mixtures t-hereof, wherein

 said R, is unsubstituted or substituted with halo, nitro,
25 C,-C, straight or branched chain alkyl, C,-Cg straight or

branched chain alkenyl, hydroxy, C,-C, alkexy, C,-C,




X
C(R1)

branched Wex28i333kyl ,
m xt ures thereof,
hal o, nitro,
branched chai n al kenyl ,

PCT/ US97/ 15832 14 Apri I

A ' f
Ciraight or  BRERENE ShalRaRoRy . 1

is 0o
2.

wher ein

hydr oxy,

5strai ght or B

al kenyl
benzyl

10

|_1
T

20

25

, CS-CE o cI qlkyl
pyrid drenyl
unsubsti tut ed 100r gSU

br anched chaln aIkyF

%LEST?.C exanfL &8 BF 1 nek e DA

alkenyl, C,-Cq

branched chain

C2-C5 straight or
said R
25 Cl-C6 strai ght or branched chain al kyl,

Cl-C4 al koxy, C2-C4 V\D98/

C5- C7 cycl oal kenyl
t hi oi ndol yl or napht hyl

Bl idds o Gheols Baraian rar

Sttt Bl o

2005 15 aIkenyF Xy, phenoxy,
Rei s sel.ecte

Lt ai Yh

nMents are prese

cycloalkényl and Ar,; and

Ar, is

phenyl,

benzvl,

fromthe

and Ar

S, Zis selected fromthe group consisting of S, CH21 20 CHR, and
is selected fromthe group consisting of C -C5 stral_,g)ht or

branched chain al RERHS?

i S unsubstituted or substl tuted with

1%%@3'%5% ght or

benzyl oxy, am no,

%rogg conS|stln$ of Cl1-C9
t Brarfthed BiArEe
i s phenyl,

vvherel n sai d Ar,
tro

ﬁlﬁﬁ%Eﬁy

and Ax.

bR pE
cycloalkyl, Cs-C,
pyridyl, fluorenyl,

thioindolyl or naphthyl wherein said Ar, is unsubstituted

or substiturted with halo,

hydroxy, nitreo, C,~C¢ straight

or branched chain alkyl, C,-C, straight or branched chain

alkenyl, c.-C,

benzyloxy, amino or a mixture thereof.

alkoxy, C,-C,

alkenvloxy,

Specific examples of these embodiments are presented

in TABLE TI.

TABLE T

R,

R,

No. n X Z
1 1 o) CH,
2 1 0 CH,
3 1 0O CH,
4 1 0 CH,
51 0 CH,
6 1 0 CH,
7 1 o) CH,
8 1 o) CH,
9 ] o) S
10 2 0 S

3-Phenylpropyl
3-(3-Pyridyl)propy!

- 3-Phenylpropyl

3-(3-Pyridyl)propyl
3-(3-Pyridyl)propyl
3-(3-Pyridyl)propy!
3-(3-Pyridyl)propyl.
2-(9-Fluorenyl)ethyl

. 2-Phenethyl

2-Phenethyl

3-3-Dimethylpentyl
3-3-Dimethylpentyl
tert-Butyl

tert-Butyl
Cyclohexyl
Cyclopentyl
Cycloheptyl
3,3-Dimethylpentyl
3,3-Dimethylpentyl
3,3-Dimethylpentyl

18832 and

(‘}L gaght or

thereof

S 59BLE |

phenoxy,'



No. nXR, R, 20110CH23- Phenyl propyl 3- 3- Di et hyl pent yl

210CH, 3- (3-Pyridyl) propyl 3- 3-Di net hyl pentyl 310CH, 3- Phenyl propyl t en- But yl
410CH13- ( 3¥0P98713343 ) propyl tert-Butyl 510CH, 3-(3- Pyri dyl ) pr oFHI®REV/a8%y |
25610CH, 3- (3- Pyri dyl ) propyl (fycl opentyl - o

710CH13- ( 3- Pyri dyl )propyl Cycl ohept yl _ ' 14 Aoril 2005
810CH12- ( 9- Fl uor enyl ) et hyl 3, 3- Di net hyl pg]éyl : P

910S2- Phenet hyl 3, 3- Di et hyl pentyl 1020S2-Phenet hyl 3, 3- Di net hyl pentyl WO

98/ 13343 PCT/ JUS97/ 1583214 April 5,16.11 . :

Met hyl ( 2-t hi of hdol &) 3, 3°0i nev hy! p%l&i@%#@ PhenetmyiURersiRespil 13 20s
2- Phenet hyl terd -Buiyl 14 20S52- Ph@%@ﬁgﬁhﬁhenyl 515 10@3@10115)@1

3- (4- Met hoxyphenyl ) propyl 3, 3-Di net hyl penryl 16 20CH1

4- (4- Met hoxyplienyl 3 but yD3, 3-®i net PaPhpeethyll 17 20CH,  tert-Butyl

4- Phenyl but yl 3, S-g]rret hésl pentyl 1 P%O 4- Phenyl butyl Phenyl 19 20CH,

4- Pheﬂyl but yl Jdlcl exyl~1020° 1S e yl propyl 3, 3- Iﬁhﬁ@flhyl pentyl 21 1SS

2 ST 3L O TP e g SRR AR 3 SRR MRE Y 2
- 16 2 0 CH, ' 4-(4-Methoxyphenylbutyl 3,3-Dimethylipentyl

17 2 O CH, 4Phenylbumyl 3,3-Dimethylpentyl
18 2 O CH, 4-Phenylbutyl Phenyl
15 2 O "CH, 4-Phenylbutyl Cyclobexyl

10 20 1 S CH, 3-Phenylpropyl 3,3-Dimethylpentyl
2t 1 S S 2-Phenethy! 3,3-Dimethylpentyl
2 2 S  CH, 3-Phenylpropyl 3,3-Dimethylpentyl
23 2 S S 2-Phenethyl 3,3-Dimethylpenty!
24 2 O 'CHR, 3-Phenylpropyl 3,3-Dimethyipentyi

is 25 O CHR1 3-Phenylipropyl Cyclbhexyl
26 2 O CHR, 3-Phenylpropyl Phenyl
27 2 O CHR, 3-Phenylpropyl 3,4,5-Trimethoxyphenyl
28 1 O S 2-Phenethyl Cyclopentyl
29 2 O S 3-Phenylpropyl tert-Butyl

20 30 1 0 S 3-Phenylpropyl 3,3-Dimethylpenty!
31 1 O S 3-(3-Pyridyl)propyl 3,3-Dimethylpentyl
32 1 O S 3-Phenylpropyt - Cyclohexyl
33 ) 0 S 4-Phenylbutyl Cyclohexyl
34 1 O S 4-Phenylbutyl 3,3-Dimethylpentyl

25 35 1 0 S 3-(3-Pyridyl)propyl Cyclohexyl
36 1 0 S 3,3-Diphenylpropyl 3,3-Dimethylpentyl
37 1 o) S 3,3-Diphenylpropyl Cyclohexyl
38 1 o S 3-(4-Methoxyphenyl) 3,3-Dimethylpentyl

| propyl
30 39 2 ) 4-Phenylbutyl tert-Butyl



24 20CHR, 3-Phenyl propyl 3, 3- D net hyl pentyl 1525 20CHRI
3- Phenyl propyl Cycl ohexyl 26 20CHR, 3-Phenyl propyl Phenyl 27 20CHR,
3- Phenyl prig@y8/83343 5- Tr i met hoxyphenyl 28 10S 2- Phenet hyl Cyc|Rpdb$%15833 20S
3- Phenyl propyl tert-Butyl 2030 10S 3- Phenyl propyl 3, 3- Di net hyl pentyl 31 1OS
3-(3-Pyridyl)propyl 3, 3- b net hyl pentyl 32 10S 3- Phenyl propyl Cycl ohexyl
- 10S 4- Phenvl but vl Cycl ohexyl 34 10S 4- Pheng?but yl 3, 3-Di net hy% 2535 10S
3-(3-Pyridyl)propyl Cycl ohexyl 36 10S 3,3 phenyl propyl 3, 3- Di net hyI pent yl

37 10S 3,3-Dip nyI pr opy cl ghexyl élf() Met hoxy.
3, 3- Di net hyl pen? propbeq?:OS 2041Pﬁ%ﬁ %ﬁpﬁ]ﬁgrt But yfgeiﬂé@h@'é?%%
PCT/ US97/ 15832414 April 2005 %7 4030SDhifhdavRieany| pent ylghegyDi net hyl pentyl
, 5- Di phenyl penty eny oxypheny met hyl penty
412081, 5- Di ph %/I tyl Ph | 4220S3- (4- Meth h I)33D| t hyl tyl
4 2 o S 3,3-Dimethylpentyl

propy!| 3-(4-Methoxyphenyl)
’ | propyl
/ 5 43 2 O S 3-(4-Methoxyphenyl) Phenyl
| propyl
44 2 O S 3-(1-Naphthyl)propyl 3,3-Dimethyipentyl
45 1 0] S 3,3-Di(4-fluoro)phenyl- . 3,3-Dimethyipentyl
propyl
10 46 1 0 S 4,4-Di(4-fluoro)phenyl- 3,3-Dimethylpentyl
: butyl.
47 11 0O S 3-(1-Naphthyl)propyl 3,3-Dimethylpentyl |
48 1 0 S 2,2-Diphenylethyi 3,3-Dimethyipentyl
49 2 0 S 2.2-Diphenylethy! 3,3-Dimethylpentyl
15 50 2 O S 33-Diphenylpropyl 3,3-Dimethylpentyl
51 1 O S 3-(4-{Trifluoromethyl}- 3,3-Dimethylpentyl
phenyi)propyl
52 1 o} S 3-(2-Naphthyl)propyl 3,3-Dimethylpentyl
35 2 O S 3-(1-Naphthybpropyl 3.3-Dimethylpentyl
20 54 I O S 3-(3-Chloro)phenyipropyl = 3,3-Dimethylpentyi
55 1 0 S 3—(3-{Triﬂuoromethyl}- 3.3-Dimethylpentyl
phenyl)propyl
56 1 0 S 3-(2-Biphenyl)propyl 3,3-Dimethylpentyl
57 1 O S  33-Dimethylpenyl
25 58 1 O S " 3-(3-Fluorophenylh)propyl  3,3-Dimethylpentyl
39 2 O S 4-Phenyibutyl 3,3-Dimethylpentyl
60 2 O S 3-Phenylpropyl 3,3-Dimethylpentyl
61 1 0 S 3-(2-Chloro)phenylpropyl  3.3-Dimethylpentyl
62 2 O S 3-(3-Chioro)phenylpropyl  3,3-Dimethyipentyl
63 2 O S 3-(2-Fluoro)phenylpropyl  3,3-Dimethylpentyl

30



54320S3- (4- Met hoxyphenyl ) Phenyl propy!
4420S3- (1- | ) propyl 3, 3- D net hyl pentyl 4510S3, 3-Di (4- 1] yl -

3, 3-Di net Pﬁ%@gﬁg‘é] propyl 104610$4, 4-Di (4-f1 uoro) phenyl - S,ng&fsr%?%?pent yl
butyl . 4710S3- ( 1- Napht hyl ) pr opyl 3, 3- Di net hyl pent yl '
4810S2, 2- Di phenyl et hyl 3, 3- Di net hyl pent yl - 14 Aoril 2005
492052, 2- Di phenyl et hyl 3, 3- Di net hyl pentyl ; pr
155020S3, 3- Di phenyl propyl 3, 3- Di net hyl pent y? 5110S3- (4-{Trifl uoromethyl}-
3, 3-Di met hyl pegy yl phenyh) progyl  3.(3-Fluoro)phenvt 1 D -
5210S3- ( 2- Napht hyl ) pr opy[ 3, 3- Dl et Ryl penry P cnyipropyl - 3.3-Dimethylpentyl
5320S3- (1- Naphthyl ) pr opyD3. 3- Bi met By(2 SeDimeéthoxyphenyl)-  3,3-Dimethyipentyl
205410S3- ( 3- Chl or o) phenyl propyl 3, 3- Di et hyl pent yl

5510S3- (3-{Trifl uoronethyl }- 3.3- DPF®Yhyl pentyl ~phenyl ) pr opy!
5610S3-(2-Bip yl) propyh3, 3- Bet 710S3, 3-Di Lpentyl
255815)83- (3- Flhgl;éc:r ophenyl Jpr op%lg?g%h%gﬂhﬁpggnt yl (;‘%ﬁolﬁéxﬂ

592034- Rhenyl bt yl 31 3- Di get hyCHent 3/PhegAREst Phenyl propydrdBan net hyl penty

68 2 0O CH,  4-Phenylbutyl Cyclohexyl
69 2 O CHR, 2-Phenylethyl : tert-Butyl
70 1 0 CH, 3,3-Di(4-flucrophenyl)- 3,3-Dimethyipentyl
propyl
10 -7 2 0 CH. 3-Phenylpropyl 3,3-Dimethylpentyl .

The most preferred examples of TABLE I are named as

follows:
15 1 . (25)-2-({1-0x0-5-phenyl}-pentyl-1-(3,3-dimethyl-
1,2-dicxopentyl)pyrrolidine

2 3,3-Dimethyl-1-{(25)-2-{5-(2-pyridyl)pentanoyl)-1-

pyrrclidinel -1, 2-pentanedione

3 (25) -2- ({1-0Oxo-4-phenyl}-butyl-1-(3,3-dimethyl-1,2-
20 - dicxobutyl)pyrrolidine

9 = 2-Phenyl-l-ethyl 1-(3,3-dimethyl-1,2-dioxopentyl) -
2-piperidinecarbothiocate
10  2-Phenyl-1-ethyl {28)-1-(3,3-dimethyl-1,2-
_ dioxopéntyl)-2vpyrrolidinecarbothiogte
‘25- o1 {3-Thiocindolyl)methyl (258)-1-(3,3-dimecthyl-1,2-
dicxopentyl) -2-pyrrolidinecarbothioate
12 2~-Phenyl-1-ethyl (28)-1-(2-cycliohexyl-1,2-

dioxopentyl) -2-pyrrolidinecarbothicate




6110S3- ( 2- Chl or o) phenyl propyl 3, 3- Di'net hyl pent yl
622083-(3-Ch|or§%§henylpropyl3,3-D net hyl pent yl
306320S3- (WORBAH¥S) phenyl propyl 3, 3- Di net hyl pentyl WO 98/ 13F4F/USI715832
PCT/ US97/ 15832 14 April 2005 18 '

6420S3- ( 3- Fl uor o) phenyl propyl 3, 3- Di et hyl pent yl 14 Aoril 2005
6510S3- ( 2, 5- Di et hoxyphenyl ) - 3, 3- D net hyd pentyl propyl P '
6610CH23-Phenyl propyl Cycl ohexyl 56710CHZ3- Phenyl et hyl t ert - But yl
6820CH _4- Pheny) but y| hexy OCHRL, _2-P thybt et ol
7010CH23, 3- Dn%él-fl%o%%% ﬁyF)J-atg%- O i ﬁ?xl %@%%‘%F gr’%p?r“’xg‘ét‘%’“ 2

107120CH23- Phenyl py ppyi 34 35Dk gBhAyLpeatyl The nost preferred exanpl es of
TABLE | are named as follows: 151

(25) - 2- ({1- Oxpg S- phepylelrpent §2/let|h'y(l?’1 3-dig®f byl-(1-cyclopentyl-1,2-

1, 2- di oxopentyl ) pyrrolidine _
3,3-Dymethyl - 1-[( 2@0}2015&1&331PyﬁéL?%g)l-@gﬂﬁ??@&éfbbthioate

pyrrolidine)-1, 2-pentanedi one - ({1- Oxo- 4- phenyl) -butyl
-1-(3, 35 di netdyl - 3 Zphe@ydi pxleb@%yn) Ry N5 0bLdiMer By 2= Phenyl okoslliyh ) -
1-(3, 3-di net hyl --1, 2-di oxopentyl ) -
: 2-piperidinecarbothicate
30 3-Phenyl-1-propyl (25)-1-(3,3-dimethyl-1,2-
dicxopentyl) -2-pyrrolidinecarbothiocate
31 3-{3-Pyridyl)-1l-propyl (25) -1-(3,3-dimethyl-1,2-
10 ' dioxopentyl) -2-pyrrolidinecarbothiocate
32 3-Phenyi-1l-propyl (28)fl-(z-cyclohexyl?l,zu‘
dioxoethyl}—2—pyfrolidinecarbothioate
33 4-Phenyl-1l-butyl (28)-1-(2-cyclohexyl-1,2-

dioxoethyl) -2-pyrrolidinecarbethioate

4-Phenyl-2-butyl (25)-1-1{2,3-dimethyl-1,2~

15 34
dicxopehtyl)-2vpyrrolidinecarbothioate
35 3-{3-Pyridyl)-1l-propyl {28)-1-{2-cyclohexyl-1,2-
dicxopentyl)-2—pyrrolidinecarbothioate
36 3,3-Diphenyl-1-propyl (25)-1—(?,3~dimethyl-l,2-
20 _ dioxopentyl)»2-pyrrclidinecarbothioate
37 3,3-Diphenyl-1-propyl (25) -1-(2-cyclohexyl-1,2-
dioxopentyl) -2-pyrrolidinecarbothiocate
38 3- (para-Methoxyphenyl)-1-propyl T (28)-1-(3,3-
dimethyl—l,2—dioxopentyl)—é-pyrrolidinecarbothioate
25 29 4-Phenyl;1~buty1 1-{1,2-dioxo-3,3-dimethylbutyl) -

2-piperidinecarbothiocate




2- pi peri di necarbothioate 10 2-Phenyl-i-ethyl (2S)-1-(3, 3-dinethyl-I,

di oxopentyl)-2-pyrrolidinecarbothioate 25 11 (3-Thi oindolyl
(2S) - 1- ( 3,WO0aBBshy| - 1, 2- di oxopentyl)-2-pyrrolidinecarbot i

2- Phenyl -1 -ethyl (2S)-1-(2-cyclohexyl-1, 2-

%&%771@32

di oxopentyl)-2-pyrrolidinecarbot hi oate MD 98/ 13343 PCT/USQ?L&?&%%0&4 Apr i
2005 19 14 2-Phenyl -l -ethyl 1-(2-phenyl:1, 2-di oxoethyl)-2-
pi peri di necar bot hi oate 28 2 Phenyl-l-eth (2S) - 1 (1-cycl opentyl -

2ot AL dar d” HFeenyL-2-
i §Q§BZL£L|’§”S"%'W%%?%&%néﬁgﬁ%ﬂt 2o piper ﬁiﬁélef?rﬁy BAR3ES_ o1 opyl

di oxopentyl) pyrrclldl th| 52
1-(3, 3- dineth%ﬁ 2one f?%%%.d.&éé;

(25)-1-(3, 3-digge %Zé% %h8§9°9ﬁ%éﬁﬁ?§Fg%&}2 Q% QﬂlldlﬂfqﬁQE%gMé¥§ea 32

3- PhenV|-|-propyI

di Oxo‘zt hyl) - 2- py”B}(b%leﬂ‘E‘a‘g&gﬁt)th% rgﬁd‘in@&%ﬁ%ﬂoéh% Coate 15 34

(29) (2-cycl ohexy xoet hyl) pyrroli

I neca

4-Phenyk- | -bukgl (35)31-¢3;31dbmBhAYhyd) %henvlépropyl (28) -

dlcxopentyl) 2- pyrrolldlnecarbothloate

(25)-1-(2- cyclohexmhmét%y@LQxeﬂagéﬁhhnaymvr@05y$ﬁaxxﬁﬁﬂgéufﬁﬂﬁhloate

56 3-(1-Biphenyl)propyl (285) -

Pyridvl)-1- propy

1,2-

13,3-

-(3,3~-dimethyl-2-

oxopentanoyl) -2-pyrrolidinecarbothiocate

57 3-(2-Fluorophenyl)propyl (28} -1-(3,3-dimethyl-2-
10 . oxopentanoyl)-2-pyrrolidinecarbothiocate |
58 3- {3-Fluorcphenyl)propyl (25) -1-(3,3-dimethyl-2~

oxcpentanoyl) -2- py*rolld;necarbothloate

59 4—Pheny1butyl 1-{3,3-dimethyl-2-oxopentanoyl)-2-

iperidinecarpbothioate

o

piperidinecarbothiocate

61 3-(2-Chlorcophenyl)propyl (25)-1-(3,3-dimethyl-2-

oxopentanoyl) -2-pyrrolidinecarbothicate

62 3-{2-Chlorophenyl)propyl

20 oxopentanoyl) -2-piperidinecarbothiocate

63 3-(2-Fluorophenyi)propyl

oxopentanoyl)-2-piperidinecarbothiocate

64 3-{3-Fluorophenyl)propyl

oxopentanoyl}-2~piperidinecarbothioate

25 65 3-(2,4-Dimethoxyphenyl) propyl{(25) -1i-(3,3-dimethyl-

2-cxopentanoyl) -2-pyrrolidinecarbothiocate

i5 60 3-Phenylpropyl 1-(3,3-dimethyl-2-oxopentanoyl)-2-

1-}3,3—dimethyl—2~
i-(3,3-dimethyl-2-

1-(3,3-dimethyl-2-



36 3, 3-Di phenyl -1-propyl (2S)-1-(3,3-dimethyl-1,2 20 |
di oxopentyl)-2-pyrrclidinecarbothioate 37 3,3-D phenyl-I-propyl
(29)-1- (2% 8¥BR&y| - 1, 2 dioxopentyl)-2-pyrro|idinecarbotmﬂﬁiﬂégﬁﬁgp
(par a- Met hoxyphenyl ) -1-propyl (2S)-1-(3, 3-
di mret hyl -1, 2-di oxopentyl)-2-pyrreolidinecarbothioate 25 39 4@8@6’§| - but yl
1- (1, 2-di oxo- 3, 3-di net hyl butyl) - 2-cioe5kginecarbothioate 343
PCT/ US97/ 15832 14 April 2005 21 53 3-(2-Napht hyl) propyl
(2R, 9) - 1- (3, 33di meyhy - g; REM 2R =.2- pi per.i di necair: {g3te 54.
3-(3-Chl orophg(r%yl )pr'opy?l%%) %;111(2 géd%%gt%hyl - 2- (dj i ﬁﬁ?é@h%; 1, é
oxopent anoyl ) - 2- py i @hi-H-Recan het hj; dhe rbothi :
3-(3-(Trifluoronet h;'l )p gnyﬁ’?grop%‘l&%@) - 1-(3,% othioate
di met hyl - 2- oxgpent aneyIp 2/ 0l i fh pegaihidQat e 56 & (hdiphenyb)propyl
(28)51-(3, 3-di net hyl - 2- ldxc?gléfnt anoyl ) - _Z?py r O|% necar b(ot r#%at}gf%' ﬁ
3- (2- Fl uor ophenyl) gi@R¥e :hD) '-é‘-éﬁp%ﬁd‘ﬁié%ﬂ?ﬁtﬂfbate ,
oxopent anoyl ) - 2- pyrrol i di nécarbothioate 58 3-(3-Fl uorophenyl) propyl
(29)-1-¢3, 3- digget hﬁ|—'(%a&éoﬂéﬂh@&%b)azﬁfmwﬂ-fﬁf%iﬂ@Pa_'[b_Oi,_hi’. 03! 8059, 3-
4-Phenyl butyl 1-(3, 3-di met hyl - 2- oxopent anoyl ) - 2- Di peri di necar bot hi oate 15
60 3- Phenyl propyl &ifdcrdydbenthyh pd pexopenamydartbeipifetd di necar bot hi oat e
61 3-(2-Chl orophenyl)propyl (2S)-1-(3,3-dinethyl-2

43 3- (para-Methoxyphenyl) -1-propyl 1- (2-phenyl-1,2-

dioxoethyl)piperidine-2-carbothicate

44 3-{1-Naphthyl)-1l-propyl l-(3,3—dimethyl—1,2-
10 ' dioxopentyl)piperidine~2—carbothioate
45  3,3-Di(para-fluoroc)phenyl-1-propyl (28)-1-{3,3-

dimethyl—l,2—diokopentyl)—2-pyrrolidinécarbothioate
46 4,4-Di(para-flucrophenyl)butyl 1-(3,3-dimethyl-2-
oxopentanoyl) -2-pyrrolidinecarbothioate

47 3-{1l-Naphthyl)propyl {28} -1-(3,3-dimethyl-2-

|.-I
S

oxopenténoyl)—2-pyrrolidinecarbothioate
48 2,2-Diphenylathyl (28)-1-(3,3-dimethyl-2-
‘ox0pentanoyl)tetrahydro—lH-2-pyrrolecarbothioate
49  2,2-Diphenylethyl (28)-1-(3,3-dimethyl-2-
20 oxopentanoyl)-2-piperidinecarbothiocate
50 3,3-Di?henylpropyli-(3,3—dimethyl-2-oxopentanoyl)—
2-piperidinecarbothicate
51 3-[é-{Trifluoromethyl)phenyl]propylhr (28)-1-(3,3~
dimethyl-2-oxopentanoyl) -2-pyrrelidinecarbothicate
25 52 :-{2-Naphthyl)propyl (23)-1-(3,3~dimethyl-2-

oxopentanoyl) -2-pyrrolidinecarbothiocate




oxopent anoyl ) - 2- pyrrol i di necarbot hioate 62 3-(2-Chl orophenyl) propyl

1- (3, 3-dinethyl -2- 20 oxopent anoyl ) - 2-pi peri di necar bot hi oate 63

3-(2-Fl uor‘BBﬁéWﬁ propyl i-(3,3-dinmethyl-2- PCT/US97/15832
oxopent anoyl ) - 2- pi peri di necar bot hi oate 64 3-(3-Fl uorophenyl) propyl

1- (3, 3-di net hyl -2 oxopent anoyl ) - 2- pi peri di necar bot hi oat e zéugéumos

3- (3, 4- Di nethoxyphenyl ) propyl (2S) - 1- (3, 3-44 net hyl - P

2- oxopent anoyl ) - 2- pyrrol i di necar bot hi oate WD 98/ 13343 PCT/ US97/ 15832 14

April 2005 20 640 1{Zs)D phefyl oo PELbh¥hvi} (Budytl MRt Wdydy -1 2=
dioxopentyl)-z-piperidinecg?%othioat% 4¥ lLS-%yphensl-%X%%%ta Hb&é&%yl

1- (3-phenyl - 1, 2- didieididyT ZoptpslidiAgcar bot hi oate 42
3- (paxa- Met hcxyphenyl ) -i - propyl 1-(1, 2-di oxo- 3, 3-
di met hyl pent yle)pi per+ ¢f neoRocar-iidhpate mddyl-1- (3, 3-dimethyl - -
3- (par a- Met hoxyohenyl ) --1- pr opyl 1-(2-p%eny|-1,2 dioxoethyl)piﬁ%r o2
i di ne; 2- car bot hi oatds oyl Naypht byl dide propyl 1-(3,3-dinethyl-1,2 10
di oxopent yl ) pi peri di ne-2-car bot hi oate 45 3, 3-Di (para-fl uoro) phenyl - 1- propyl
(2S)-1- 63, 3- ditnet [y ¢ {11 20”bexomandyy )} 2wy D Ldi (36 BohBIteRFB- 146 -
4,-4-Di (para-fluorophenyl)butyl 1-(3,3-dinethyl-2-
oxopent anoyl ) - 2- py digxicdhiuteda gt bdd ree

69 2-({l—Oxo—[2—{2'-phenyl}ethyl}-4-phenyl}-buty1—1e

(3,3;dimethyl-1,2—dioxobutyl)piperidine
70 1*{(23)-2-[S,S—di(4—Fluorophenyl)peh;anoyl}-2-
10 pyrrolidine}-3,3-dimethyl-1,2-pentanedione
71 3,3-Dimethyl-1-[2-(4-phenylpentanoyl)piperidinoc]-

1,2-pentanedicne

FORMULA TIT
is5 Another preferred embodiment is a .compound of

formula III:

A Z—R1
20

III

K2

25 or a pharmaceutically acceptable salt thereof, wherein:




i 47 3-(1-Napht hyl)propyl (2S)-1-(3,3-dinethyl-2 .
oxopent anoyl ) - 2- pyrrol i di necarbot hi oate 48 2, 2- Di phenyl et hyl
(2S) - 1- (3,0a¥@Bdéhyl - 2 oxopent anoyl )t etrahydro- | H 2-pyrrol e%é%ﬁ?ﬂ'ﬁf%&t e 49
2, 2-Di phenyl et hyl (2S)-1-(3,3-dinmethyl-2- 20
oxopent anoyl ) - 2- pi peri di necar bot hi oate 50 - i .
3, 3- D nhenyl propyl I - (3, 3-di net hyl - 2- oxopegt anoyl ) - 2- pi peri it HEE8PBot hi oat e
51 3-[4-(Trifluoronethyl)phenyl)propyl (25)-1-(3,3
di et hyl - 2- oxopent aRoylL,) I Ldin bot t.e 5
3- (2- Napht hyl ) pr opyfn‘* éz) %1Q%(‘§ Y 9 ﬁ‘%""Pﬁn S &*52 6, s, so, 80;,
oxopent anoyl ) - %[pég_ | di necar bot h| oat e WO 98/13343 PCT/ US97/ 15832 14 April
2005 22 66 (2 ({12 Oxo- 4- phenyl }-butyl -1I-(2-Cycl ohexyl -
di oxoet hyl ) pyrrol i dine 64 é ({51 Oxo- 4- phenyl }-butyl -1 -(3, 3-di rret hyl - | 2-
di oxpbutyl ) pyrrolidine 5 66" 2- ({I - Ox0- 6- phenyl} hexyl -1-(3, 3-di nmet hyl -
di oxoPut yl') pi peridia 6% 2C§§ B)henyl }ethyl] -4-phenyl
} - but ¥yl - 1(33d|mathyF 'ox0 u“ty plpéerlne 70

1-{(29S)-2-[5, 5-di (4zFl uar ophenylpentanoy N
“pyrrolidine}-3,3-dinethyl -1, 2°pent ane onlél: %rdfiched chain alkyl or
3
|

r
3D methyl -l af gekgn pheAyLRens anoyha i pes diAne lo2-REAL FREMI ONG, FORVULA

with (Ar,),, (Ar,), connected by a C,-C; straight or

branched chain alkyl or alkenyl, C;-C; cycloalkyl, C,-C,
cycloalkyl connected by a C,-C; straight-- Or branched
10 chain alkyl or alkenyl, Ar, or a combination thereof;
n is 1 or 2;7
R, 1s either C;—CP straight or branched chain alkyl
or alkenyl, c;—cg cycloalkyl, C,-C, cycloalkenyl or Ar,,
wherein said alkyl, alkenyl, cycloalkyl or cycloalkeny;
‘15 1s either unsubstituted or substituted in one or more
position(s)rwi:h CL-CQ-straight or branched chain alkyl
or alkenyl, hvdroxyl or z combination thereof; and
Ar. and Ar, ars .ndependently a mono-, bi- or
tricyclic carbo- or hererccyclic ring, wherein the ring
20 is either unsubstituted or éubstituted in one to three
position{s) with haio, hydroxyl, nicro, trifluoromethyl,
C,-C, straight or branched chain alkyl or alkenyl, C,-C,
alkoxy, C.-C, alkenvloxy, phencxy. benzyloxy, amino or a
- combinaticn therecI; wherein the individual ring sizes
25 are 5-5 members; anc wherein the heterocyclic ring

contains 1-5 heteroatom(s! selected from the group



15 Anot her prefefred enbodi nment
OR Z-R1
98/ 13343 P

Rt

CH21 O S, SO 502,

5 R

Substituted in one or
C -C6 straight or

NH or

nore position(s)
branched chain al kyl or al kenyl,

i s a conpound of

“formula I11:

2005 23 A, B, Cand D are’I'n
NR2; Xis Oor S, Zis S, CH1 CHR or C(R) 2;

wdih (A,),,

a pharmaceutically acceptable salt ther [n: WO
832 14 April $8}6%%@ﬁ%§%tly

is Cl-C6 straight or br anched chai n al kyl or alkeny|,1%@%ﬁg%%ed by a

(Ari)1

Cl- C6 cycl oal kyl, C3-CB

cycl oal kyl comaﬁgfgtihgebﬁ:@CEN§tsaggataogoabgggmq@n;QHgygd& al kyl or
Are or a conbi nati on thereof;

al kenyl,

nis or 2;

R.

is either C -QC9

straight or br anCh@hﬁWﬂﬁ'Ky|pr@feﬁf¥@rb’émp6§n@ @fcf&afﬁtﬁyi 1Iﬁ5 e

cycl oal kenyl
cycl oal kenyl

i

/

+

10

15

20

25

or Ar" wherein said al kyl, al kenyl, cycl oal kyl-
‘bresented in TABLE II.
IABLE TT
No. A B C Z R, R,
72 CH, S CH, S 2-phenethyl 3,3-dimethyl-
pentyl '
73 CH, § CH, CH, 3~phe;_qy1propy1 3,3-dimethyl-.
pentyl
74 CH. CH, NH S 2-phenethyl 3,3-dimethyl-
pentyl
75 CH, S CH, S 2-phenethyl 3,3-dimethyl-
pentyl |
FORMULA IV
A Ifurther preferred embodiment of this invention is

a compcund of formula IV:

(gkfzm

v

B-C 20 0- X



15 is either unsubstituted or substituted in one or nore position(s) wth
C.-C4 straight or branched chain al kyl ,I or al kenyl, hydroxyl or

conbi nat | W&?%i"@of; and Ar: and Ar, are independently a r’rﬁﬁ%w,sg_ﬂ}s%%r
tricyclic, carbo- or heterocyclic ring, wherein the ring 20 is either
unsubstituted or substituted in one to.three position(s) V\44§briﬁz%§”
hydroxyl, nitro, trifluoronethyl, Cl-C‘;'sttrai ght or branche harn al kyl
or al kenyl, Cl-C4 al koxy, C -C4 al kenvl'oxy, phenoxy, benzyl oxy, am no or a

conbi nati on tlier £ty phet ala LheyyndixLgual 1Ll 0gsi 68,2821 ¢, 006 rember s;

and wherein t erocyclic rin con et eroa orfr('sj"

the group WO 98/ 13343 2 /WS 15;%% ' 5 ¢onsd stdng 0, N,.S
and a conbi nat i onﬁt ﬂgfegf g%arHt %(Z:jl()al 65'1Lr y %eﬁleﬁ{réie}azé&%ﬁp%n?s’ oéf(p'f ormdla |11
are presentedg N, JABLE |1. STABLE |1 No. ABCXZR1 72CH2SCH20S2- phenet hyl

3, 3-¢i met hyl - 10pent yi' 73CH, SCH20CH23- phenyl propyl 3, 3-di met hyl - pentyl
74CH, FH NHOS2- pheget hyh 3,3- gi met hyl -- pentyl - '
57 Z is S, CH,, CHR, or C(R,),;

R, is (,-C, straight or branched chain alkyl or
alkenyl, which is substituted in one or more position(s)
with (Ar.},, {2Ar,}, connected by a C,-C; straight or
bfanched chain alkyl or alkenyl, C;-C, cyclbalkyl, C;-C

10 cycloalkyl connected by a C,-C, straight or branched
chain alkyl or alkenyl, Ar, or a combination thereof;
nis 1 or 2; | |

R, is either C,-C, straight or branched chain alkyl or
glkenyl, C,~-Cy cycloalkyl, C4-C, cycloalkenyl or Ary,

15 wherein said alkyl, alkenyl, cycloalkyl or cycloalkenyl
is eithexr unéubstituted or substitﬁted in one or more
pesitien(s) with C,-C, straighﬁ or branched chain alkyl
or alkenyl, hydroxyl cr a combination thereof; and

Ar. and Ar, are independently a mono-, bi- or

20 tricyclic, carbo- or heterocyclic ring, wherein the ring
is either unsubstituted or substituted in one to three
position(s) with halc, hydroxyl, nitro, trifluoromethyl,
C,-C, straight or branched chain alkyl or'élkenyl, Cl-Cq
alkoxy, C.,-C, alkenyloxy, phenoxy, benzyloxy, amino or a

25 combinaction tﬁereof; wherein the individual ring sizes

are 5-6 members; and wherein the heterocyclic ring




1575CH, SCH2SS2- phenet hyl 3, 3-di'net hyl - pentyl FORMJULA IV A further preferied

enbodi rren&vép%gﬁ?{js invention is 20 a conpound of fornula lp¥gkohtlsgdp |V R2
WO 98/ 133 S97/ 15832 1 14 April 2005 25 or a pharmaceutically
acceptabl e salt thereof, wherein: A B, C and D are independently CHZ o]
S, SO 502, NH or NR2;'Xis Oor S, Z is S, CH2, CHR1 or C@%@gﬁ
Cl-C5 straight or branched chain al kyl opg al kenyl whi ch i PItuted in
one or nore position(s) wth (Arl),,, (Arl)" connect ed by a Cl1-C6 straight
or branched chaiaialskyh-or Bekepphtof3s(8 eglkeaklyl fr6a- CBha0 gyslipal kyl
connected by a C -C6 straight or branched chain alkyl or alkenyl, Ar, or a
conmbi nati on t henedfsting ®£109r M2; Rarid xiddmyinG={8n stharghf. or branched
chain al kyl or alkenyl, C -C9 cycloalkyl, CS-C cycloal kenyl or Arl, 15
wherein said al kyl, alkenyl, cycloal kyl or cycl oal kenyl '

t

| Particularly preferred compounds cof formula IV are

5 presented in TABLE III.

TABLE III
No.o.A B C D X Z R R,

10
76 CH. CH,
77 CH, CH,
78 CH, CH,

79 CH, .CH,

CH, O CH, 3-phenylpropyl 3,3-dimethylpentyl
CH, 0 S  2-phenethyl 3,3-dimethylpentyl
CH, O CH, 3-phenyipropyl 3,3-dirhethy1pentyl'
CH, O S  2-phenethyl 3,3-dimethylpentyl

N e e

15
The compounds of this invention possess asymmg;riQ_
centers and thus can be produced as mixtures of
stereoisomeré or as individual stereoisomers. The
individual sterecisomers may be obtained by using an
20 optically active starting material, 'by resolving a
racemic or non-racemic mixture of an iqtermediate at some
aprropriate stage.of the synthesis, or by resolving the
compound of formula (1) . It is understood that the
individual stereoisomers as well as mixtures (racemic and
.25 non-racemic) of stereoisomers are encoﬁpassed by the
_SCCpe 0of the present invention. The compounds of this

inventicn possess at least one asymmetric center and thus

can be produced as mixtures of sterecisomers or as




is either uns
C -C, straigh
conbi nat i M

ubstituted or substituted in one or nore position(s) with

t or_ branched chain alkyl or alkenyl, hydroxyl

t”fé’r”éf’bf and Ar. and Ar2 are |ndependently a nofd’Ys 9&1583&

tricyclic, carbo- ‘heterocyclic ring, wherein the ring is ei t her
or substituted in one to three position(s) wth
5‘?W§ﬁﬁpalkyl or

unsubsti t ut ed
hydr oxyl, nit

ro, trifluoronethyl, C1-CS rai ght or branche

al kenyl, Cl-C4 al koxy, Cl-C4 alkenyloxy; phenoxy, benzyl oxy, am no or

conbi nation t
and wherein t
2005 cont ai ns

N, S and a co

~formula IV ar
76 CH2 CH,

O e
A R

nati on ther err

20

a 25

|I
0,

RZ 10

Sep- BRI TOLE Lo AL, AR 2 3

0 S 2;ph th At 2 2 I
3, 3- d1} ﬁe?ﬂsl pérl%teyl’S%agﬂerr% )‘dlf@rézgﬁ{thgéﬁs ggphlegngh‘h %%dglﬂtﬁ%peﬁfgl

15 The gonpounds;oh dLBNSRL NYeAtd O RASSBSOMSYITES Well as mixtures of

stereoisomers are encompassed by this invention. The S--

stereoisomer is most preferred due to its greater

Cactivity.

10

1=
n

20

25

Methods of Using the Compounds of the Invention

The compounds of the present invention have an
affinicy for_the FK506 binding protein, particularly
FKBP12, which i$ present in the brain.. When the
inventive compounds bind to FKBP in the brain, thz
exhibit excellent neurotrophic activity. This activity
is useful ih the stimulation of damagesd neurons, the
promoticn of neuronal regeneration, the prevention of
nevrodegeneration, and the treatment | of several
neurological disorders known to be; associated_-with
neuronal degeneration and peripheral neuropathiles.

For the foregoing Areasons, the present invention
further relates to a method of effecting a neuronal
activity in an animal, comprising: )

administering te the animal a neurotrophically

effzcrtive amount of a compound of formula I, II, III or

Iv.



centers and thus can be produced as m xtures of stereo-isoners or as
i ndi vidual stereo-isoners. The individual stereoisoners be obtai ned by
using an YO8/ 1y active starting material, by resolvrﬁ%ngU&Vﬂ§?ﬁlc or

non-racem c mxture of an internedi ate at sone appropriate stage of the

synthesi s, or by resolving the conpound of fornula (1) gﬁ$ p%ﬁ stood
that the individual stereoisoners as %é as m xtures (rac T
non-racem c) of stereoisonmers are enconpassed by the scope of the present

i nvention. The cogpog ePédzLQcﬁsemfagéﬁH%ngn pg s ere E!gga%t_’%&g} tp $rr;\getrr c

center and thus  €an ced asS m xtureés

98/ 13343 PCT/ 3
S—stereorsone%%ggéfégélﬁE vrdua enggfléégﬁgggéﬁbbe ob?gﬁﬁggaﬁﬁopeéaﬁvrng a
racem c or ”@Qméﬁ&ﬁmr?eﬂdﬁé”e mcil d ”Eﬁi%@{'c?ng%l vrp’%a %ro r| - ate

stagg of the synthesis Is u rstoo

Ster eol sorter Syas,uRkLoAs et 8- Gheos 58‘:?9&68”9 [Snd! e ceneRmRAssed, Py this

invention. The S stereoisoner Is nDs preferred toits greater

activity. 10 MethotlseofsYUshngsthe,Conpounds of the Invention The conpounds
of - the present invention have an affinity for the FK506 binding protein,

particul arly FKBRLZ, nehireh dos daesefiisdradie . Mben gde idvensive
conpounds bind to FKBP in thé brain, they

inciude but are not limited to: trigeminal neuralgia;
‘glossopharyngeal neuralgia; Bell’s Palsy; mwmyasthenia
gravis; musculaxr dystrophy; amyotrophic lateral

0 sclercsis; progressive muscular atrophy; progressive

prolapsed invertebrate disk syndromes; cervical
spondylosis;  pléxus disorders; thoracic outlet
destruction syndromes; peripheral neurcopathies suchAasm
iS those caused by 1lead, dapsone, ticks, porphyria or
Guillain Barre syndrome; Alzheimer’'s disease; and
Parkinson’s disease.
The compcunds o©of the present invention are
particulariy useful for treating a neurological disorder
20 selected from the group consisting of: peripheral
neuropathy caused by physical injury or disease state,
traumatic injury to the brain, physical damage to the
spinal cord, stroke associated with braiﬁ damage, and
neurclogical! disorder relating to neurodegeneration.
25 Examples of neurclogical disorders relating to

neurodegeneration are Alzheimer’s Disease, Parkinson’s




15 exhi bit excellent neurotrophic activity. This activity 1is useful in the
stimul ati on of damaged neurons, the pronotion of neuronal regeneration,
the preveW®e8i13343 neur odegeneraci on, and-the treatnent of P&EESSARSE32
neur ol.ogi cal disorders known to be associated with 20 neuronal :
degenerati on and peri pheral neuropathies. For the foregoi ng,Jg Z%):Bg the :
present invention further relates to a nethod of effecting. i na
activity in an aninmal, conprising: adninfStering to the animal a

neur ot rophically 25 effective a unt of a conpound of formula I, '||, L1
or V. \F;\D 98Pi-§§@§ePé“F/dU @%112:8 Lot oyt Irrsp%%ﬁ)’so$ﬁsa pr eferred

enbodi nent, the neuronal activity is  selected fromthe up consisting of

stinulation of d5%h e FROSSF orfdls GRTHP bR b s Fered

prevention of neuyr ode ener atl ori nd E?r eat ne neur oI ogl cal disorder.

5
The peur ol ogi £3F d¥sor & tJrIé%?Lﬂtl‘F?lclsﬁ’&'@ybut APECRBLY i mi ted
| l. Bel | Pal
myasthenia | gFaTT ﬁxﬂsc&ua Wt Po R o SRR EaTaEr i S0 G s s
rogre e m L atr I bI rited_nuscul ar
gt-rgph;sl, I \rller ni ZE% Lg%t F’g trﬁéras%%r Iogr osa el |ﬁver§%n %ggel a sK° %éﬁﬂ?b%s

cervi cal  Spopdyl a8k imih XU, 5 SOLHEES %}Hﬁﬂ&e&’féﬁly-acceptable

carriers, adjuvants and vehicles. The term parenteral as

used herein includes subcutanecus, intravenous,
intramuscular, intraperitoneally, intrathecally,
10 intraventricularly, intrasternal and intracranial

injection cor infusion technicues.
To be effective therapeutically as central nervous
system targsts, the compounds should readily penetrate

the blood-brain barrier when peripherally administered.

[
(83 ]

Compounds which cannot penetrate the blood-brain barrier
can be effectively administersd by an intraventricular
route.

The compounds may be administered in the form of
sterile injectable preparations, for example, as sterile
20 injectable agqueocus or oleaginous suspensions. These

suspensions may be.forﬁulated according to techniques
known in the art using suitable disperéing or wetting
agents and suspending agents. The sterile injectable
preparations may also be sterile injectable solutions or
25 suspensions innon-toxic parenterally-acceptable diluents

or solvents, for example, as solutions in 1,3-butanediol.




destruction syndromes; peripheral neuropathies such as '_5 those caused by
| ead, dapsone, ticks, porphyria or Quillain-Barre syndrone;, Al zheiner's

di sease: WQP8BM3Ki nson' s di sease. The conpounds of the pr8EEMSIVIEnt i on
are particularly useful for treating a neurological disorder 20 selected

fromthe group consisting of: peripheral neuropathy caused 2%%9P%@§cal
injury or disease state, traumatic injury, to the brain, phy A mage to

the spinal cord, stroke associated w th brain damage, and neurol oci ca_

di sorder rel %5}% @@egéegggsﬂfaavemm%fS R R BPer s NEHO D! RALORE

di sorders relat neur odecenerati on are DI'sea

Par ki nson' s &}é%] eP%£H§97é}§§% &Pﬁéioz@%ﬁ%%oé%xﬁeca %diﬁ% b

amyot r ophi ¢ Iater erosi s. For ese purposes e conpoun

adm ni stered 1018l chgucsgg] tefal lpyg, itk alke@RrjaR, ax,l}gecaal

e .
rectally, nasa y, vaginally or vi‘a an 5 i npl ant ed reserv0|r in

dosag form“&ﬂdﬁ&ﬁ%f&ﬂﬁﬁif“r@hpf@?&ﬁntb%nabdﬂ¥bﬂégiCor suspendin
pharmaceuti cal | y-acceptabl'e carriers, adjuvants and vehicles.’ The Term

parent ey al asyedisfk hermimn dincd Liﬂ.@r_spéé@cuéﬁﬁe}@yémdl PLEBMEBYUS such as
intranuscul ar, intraperitoneally, intrathecally, 10 intraventricularly,

i ntrasternal aa@g'I"t'hteﬁ‘Q‘ér ABhal okngecyl phe P dé Nhass i dnpditirsties Fat@ybe
effective therapeutically as central nervous
acids such as oleic acid and its glyceride derivatives,
including olive oil and castor oil, especially in their .
polyoxyethylated ﬁersions, are useful in the preparation
10 of injectables. .These 0il scolutions or suspensions may
also contain long-chain alcchol diluents or dispersants.

Additionally, the compounds may be administered
orally in the form of capsules, tablets, agqueous
suspénsions or solutions. Tablets may contain carriersh

15 . such as lactose and corn starch, and/or lubricating
agents such aé magnesium stearate. Capsules may contain
-diluents inclucing lactose and dried corn - starch.
Agqueous  suspensions may contain emulsifying and
suspending agents combined with the a;tive ingredient.

20 The oral dosage forms may further contain sweetening
and/or flavering and/or-coloring agents.

The compounds may also be administered rectally in
the form oif suppositories. These cémpositions can be
prepared by mixing the drug‘ with a suitable non-

25 irritating exeipient which is solid at room temperature,

but iiquid at rectal temperature and, therefore, will




systemtargets, the conmpounds shoul'd readily penetrate the blood-brain
barrier when Deripherally adm ni stered. 15 Conpounds whi ch cannot penetrate
t he bl ood-WOMBA3MArrier . can be effectively administered byPERUS97/15832
intraventricular route. The conpounds nmay be adm nistered in the form of

sterile-injectable preparations, for exanple, as sterile 29 1.nj abl e
i i i e} 3

acrueous or ol eagi nous suspensi ons. Thes§lsuspen5|ons may be at ed

according to techniques known in the arf using suitable dispersing or

wetting agent s SHSRENAIG AP Sl Sl | 8141 eCkabhena PLERAR AL gons

may al so be sterile injec utions or suspensi ons i n no
parenteral | y- a¢capisable 4 ueitS - oS0l yent f a ions in
1, 3-but anedi ol . WO 98/ 13343 PCT/6597f%%%§§9é%m%4ﬂé$§%?ﬂg%§geA§%ﬁggg%é
acceptabl e vehi cl psyapdragkycnt ¢nhaledmbolitys CHRLPY e 81 Galeh eLe BLROCT ' S
solujion and isotonic sodium chloride Solution. I'n addition, sterile,

fixed oils areopteauant angldat LM Quih Ahs Gloikil 6104 SHaBLadLog Por

medi urrs. For this purpose, "any bland fixed oil such as a synthetic nono-

or di-gkyceri decBRnebe aiRiAYRd arkald Yor asidinSsuedn@sl P! Qézéeéﬂgléng?zi ts
y in

gl yceride derivatives, including olive oil and castor oil, especi al
their pol yoxyebhylat egr¥eest 88, Melwsehdl netrdeodiiepagatopaesle 88

i njectabl es. These oil solutions or suspensions may also contain

| ong- chai n al eahol eg¢tel, uenhs oskflhspersaths. lower intestinal tract.
Suitable topical formulations can be readily prepared for
each of these areas.

10 For topical application to the eye, or ophthalmic
use, the compounds can be formulated as micronized
suspensions in isotonic,,pH adjusted sterile saline, or,
preferably, as & sclution irn isotonic, pH  adjusted
sterile saline, either with or without a preservative

15 such as benzylalkonium chloride.  Alternatively, the
compounds méy be formulated into ointments, such as
petrolatum, for ophthalmic use.

For topical application to the skin, the compounds
can be fcrmulated into suitable ointmegts containing the

20 compounds suspended or dissolved in, for example,
mixtures with one of more of the following: mineral oil,
liquid petrolatum, white petrolatum, propylene glycol,
pelvoxvethylene polyoxypropylene compound, emulsifying
‘wax and water. Alternatively, the compounds can be

25 formulated.inﬁo suitable lotions or creams containing the

active compound suspended or dissolved in, for example,



Additionally, the conpounds nmay be admi nistered orally in the form of

capsul es, tablets, aqueous suspensions or solutions. Tablets nmay contain
carriers WEB4RH as | actose and corn starch, and/or | ubri E&EUg7Egeht s
such as nmmgnesi um st earate. Capsules may contain diluents including

| act ose and dried corn starch. -Aqueous suspensions may con&§%g$ﬁ§ylsifying
and suspendi ng agents conbined with the_active ingredient. or al
dosage forns may further contain smeeten?ﬁg and/ or flavoring and/ or

coloring agents. .The conpounds may al so be admnistered rectally in the
form of suppofi P3FFEES T e?@ecgﬁbﬁﬁﬁﬁ(ﬂisgﬁﬁxgéiféWE$%?d¥WﬁF XY+t he

ot oo SHpEBRLERNARNER LR, BISREY F hi ) At Sk
98/ 13343 PCT/ 3 il., 20 bt i h I " h
drug, Such na?§?%%%§§ %ﬁ%ﬁﬁ@gﬁg6%3%9%53%%?$§%%8%Ra%e§ﬁ3 g%ﬁ;%%ﬁ?ﬁgﬁggse the

glycols. FurthEgﬁre, t he conpounds nay be admi nistered topically,
especi al |y when thé conditions addressed for treatnent involve areas or

organs geadily aoRasld] Gy idAPIGAl: AR galkon;atoctudlio peuf ologi cal

disorders of the €ye, In or the Iower intestina rac bl e

topical formibatiene can b r gadidor A em%;gﬁs{eérye%mfia%%%% afgas. 10
pical application to the eye, or op almc

above) or in suitable enema formulatidns.

Dosage levels on the.order of about 0.1 mg to about

10,000 mg of the active ingredient compound ére useful in

10 the treztment of the above conditions, with preferred

levels of about 0.1 mg to about 1,000 mg. The amount of

active ingredient that may bé combined with the carrier.

materials to produce a single dosage form will vary

depending upon the host treated and the particular mode

15 of administraticn.

It s understood, however, that a specific dose level

[l

H

cr any particular patient will depend upon a variety of
facters, including the activity of the specific compound

employed; the age, body weight, general health, sex and

20 diet of the patient; the time of administration; the rate

of excr=tion; drug coﬁbination; the severity of the
particular disease being treated; and the form of
adminisctration. _

The compounds can be administered with other

25 neurctrophic agents such as neurotrobhic growth factor

(NGF), clial derived growth factor, brain derived growth



isotonic, pH adjusted sterile saline, or, preferably, as a solution in
i sotoni c, WOO8K3Eted sterile saline, either with or withdiff/gs9715832
preservative 15 such as benzyl al konium chloride. Alternatively, the
conpounds may be formul ated into ointnents, such as petrol At un zf)g)r :
opht hal m ¢ use. For topical application tq the skin, the conpdhné% can be
formulated into suitable ointnments contai'ming the 20 conpounds suspended’
or dissolved i e . [ i.th on e._of e follqQw ng:
#Ecéég péf?%+§¥uneﬁg F%%pggFrQ%§%é¥ éﬁﬁ n urggﬁﬁyégrg,

m neral oil, rquid m um propyrene ;

Wt ernati vel y. SO AREnTs RIS BBl eRk Y BT, BBhRhrns o

creans containj t Ve, . qg%@%% o [ | ' .
exanmpl e, WO 93'}1512%134%%P?ﬁ£dﬁsc§5571 2°1 §%rp|§€g§%%55%§ §1§8mﬁgﬁﬁlﬁgr8¥38%ﬁe or
nore of the f 130 JH LT, id & ok i stearate, polysorbate
60, cetyl estgrﬂ%x@%ecﬁﬁrﬁ %%:o%ﬁ? ‘5&‘6%?’3?%% ecanol , bengyl yaI-cohoI
and watser. 5 Topical application to the lower intestinal tract can be
effected in a rectal suppository formulations (see above) or in suitable
enema formul ations. phesaAgeeheveks ebmbheieidels off abeutriehtihd 0 about
10, 000 ng of the active Ingredi ent conpound are useful In

The present invention also relates to a pharmaceuti-

cal composition comprising:
(i} a neurotrophically effective amount of the
10 compound of formula I, II, III or IV, and
{11) a pharmaceutically acceptable carrier.
The above discussion relating to the utility and
administration of the compounds of the present invention

lso applies to the pharmaceutical compositions of the

o

15 present invention.
Examples
The following examples are i1llustrative of the
present invention and are not intended to be limitations
20 thereon. Unless ctherwise specified, all percentages are

based on 100% by weight of the final compound.




“Invention The present fnvention a SO

10 the treatnment of the above conditions, with preferred 15 | evel s .of about
0.1 me to about 1,000 ng. The ampunt of active ingredi ent that may be
conbi ned WOISA¥d3 carrier materials to produce a single doBEHESITHSEA2w | |
vary .depending upon the host treated and the particul ar node of -
admnistration. It is understood, however, that a specific gfgpe %oﬁé’c/ for
any particular patientt wll depend upon a variety of fact | udi ng
the activity of the specific conmpound e oned t he age, body wei ght,
general health, sex and 20 diet of tq%ﬂﬁ&ﬁéjts the tine of admnistration;
the rate of excretlon drug conbl nat i everity of the particular

di sease being tJgeat -ounds can

be admi ni st er et otT et ot +opRT e —aGeH ‘ : Fhi ¢
growth factor (NGF),di i owt i der@ed growth WO
98/ 13343 PCT/ US97/ 158 TA~7 ‘ | o ur ot r ophi ¢
factor and neuroty K _ phi c diugs -
wil | depend upo r -

effectlgenesscﬂﬁol;.ge‘l Hbn Qgglt qgrglgaggaigag%ﬁfdl rg;{ﬁ)?ﬁ! fo.ﬁ_sl?of the

ar ma
was added to 0.24 g (10 mmol) of magnesium turnings in 50

mL of refluxing THF. After the addition was coniplete,
"the mixture.was refluxed ﬁor.an additional 5 hoursj and
then adaed slowly to a refluxing solution of N-benzyl-L-
10 proline ethyl ester (2.30 g (10 mmol) in 100 mL of THF.
After 2 hours of further refiux, the mixture was cooled
ané treated with 5 mL-of 2 N HCi. The reaction mixture
- was diluted with ether (100 mL) and washed with saturated
NaHCO,, watsr and brine. The organic phase was dried,

concentrated and chromatographed, eluting with 5:1

j
in

CE.C1,:EtOAc to obtain 2.05 g (64%) of the ketone as an
oil# *H NMR (CDCl,; 300 MHz): 1.49-2.18 (m, B8E}); 2.32-

.46 (m, 1H); 2.56-2.65 (m, 2H); 2.97-3.06 (m, 1H); 3.17-

8]

3.34 (m, 1E); 3.44-3.62 (m, 1H); 4.02-4.23 (m, 2H); 7.01-

20 7.

>
1=

{m, 10H).

(28 -2-(1l-0o%0O- Dherv1)butvlovr*olld1ne The ketone

compoundé (500 mg) and palladium hydroxide (20% on carbon,
50 mg) was hydrogenated at 40 psi in a Paar shaker
overnight. The catalyst was removed by filtration and

2E the solvent was removed in vacuo. The free amine was

cbtained as a vellow oil (230 mg; 100%), 'H NMR (CDCl,;



cal conposition conprising: (i) a neurotrophically effective anmount of the -
10 compound of formula I, II, Ill or IV, and (ii) a pharrraceutlcall

accept abl V@&¥IPEt . The above discussion relating to the uth¢¥¥s974

adm ni stration of the conpounds of the present invention also applies to
the phar maceut i cal conposi tions of the 15 present |nvent|on14l]§x L?_es The
foll ow ng exanples are illustrative of th ﬁ present invention e not
intended to be linmtations 20 t her eon. ess ot herw se speci f ied, all

percent ages ary d ory ot i -nal oyng, \ '
08/ 13343 PeT/ (07 28d3 14 Aprl l%’o\g@ ngEXAﬁJ;%g 1“@yn%%g§| g- g? ¥,
(2S)-2-({1-o0x .phe |+ RNt g '
di met hvl - 1, 2- gf%xoge%%gyla) %&rrol i (}' ine (1)05 &“éﬁ ]QH(fL 050" 4-Bher51§} Jbut yl

-N-benzvl ovrrolidine)l 5. h_1_|.05904_-_3hglﬂ)g §ang,; £4178 O 1@_5(71' _bn 20 nL
of THE was added to 0.24 g (I0 nm magness um t ur of
refl uxing THFmeﬁﬁlb@cﬁfettIB_ﬁgla%@'rtr‘cgﬂdm Con@befae’soﬂdlﬁdﬂ %Pr?zwszf? Luxed
for an additional 5 hours, an then added slowy to a refluxing solution
of N-beszyl - Lo%k@- Iar—@hbﬁh@gl%mwlwz&rol(l&?&g (2D meRy;) 1N ol0Qmek jof jFHF. ti

After 2 hours of further ref lux, the m xture was cool ed
CH,C1l,(20 ml) at 0°C was added dropwise methyloxalyl

chloride (135 mg; 3.7.1 mmol) . After stirring at 0°C for
3 hours, the reaction was quenched with saturated NH,C1
and the organic phase was washed with water and brine and
10 dried and concentrated. The crude residue was purified
on a silica gel column, eluting with 20:1 CH,Cl,:EtQAc to
cbtain 300 mg of the oxamate as a clear oil {98%), H NMR
(CDCl,; 300 MHz): '1.68 (m, 4H); 1.91-2.38 (m, 4H); 2.64
{t, l2H); 3.66-3.80 (m, 2H); 3.77, 3.85 (s, 3H total);:
i5 4.16 {m, 2H}; 4.90 {m, I1H); 7.15 (m, 3KE); 7.27 (m, 2H}.

(28 -2-(!{1-oxo-2-phenv) ! -pensvl-1-{3 3-dimechvl-1.,2-

dioxopentvilipvrrclidine (1Y To a solution of the

oxamate above (250 mg; C.79 mmol) in anhydrous ether (15

mL), cooled to - 78°C, was acded 1,l-dimethylpropyl-

20 ‘magnesium chioride (0.8 ml of & 1.0 M solution in ether;
| 0.8 mmol) . After stirrihg che resulting mixture at -78°C
for 2 hours, the reaction was guenched by the addition of

2 mL of saturated NE,C1, foliowed by 100 mL of EtOAc

‘The organic phase was wasned with brine, dried,

25 concentrated, and purified on. a silica gel column,

trl

eluting with 50:1 CH,Cl.:EtOAc. Compound 1 was cbtained



and treated wwth 5 nL of 2 N HC1. The reaction mxture was diluted with
et her (100 ni and washed Wth saturated NaHCO3, water and brine. The
organic pﬁ%@g 9283 dried, concentrated and chronat oar aphed, %’ffﬁﬁ"ﬂ@s%th
5:1 CE2CL,:EtOACc to obtaln 2.05 g (649 of the ketone as an oil, "H NWR

(CDC13; 300 MHz): 1.49-2.18 (m BH); 2.32- 2.46 (m 1H); 2. ’Ef‘gﬁpﬁ%(m 2H) ; .

2.97-3.06 (m 1H); 3.17- 3.34 (m 1H); 3344-3.62 (m 1H);
2H); 7.01 20 7.44 (m 10H). (2S)-2-(1-o0x0-4- ohenvl)butyl pvrrolidine. The

K ' d- d pal | b
was hycr ogenatdat 8 b 3 PIE SRakEr VSvSRAl GH(C A catdl 9sf Tuas.

d by fil ds 25 Th
ani ne v, obt 5 ned ab b 351 e =238 et 60 VG%”NVVR%?C&B'?H&D%
S S el ad | o0y 38 Sn Mok a
5H). (28) 2- (4 9%0-4- nhaavl ) byt yl -1 4( 5:2- g{,ﬂ y?%? ,'Fye&@mgv % %n) ovgﬁpl_ldl ne.

To a sol ution of (2 ) - 2-('1-” oxo- 4 phenyl ) yrrolidi ne
mol ) i CH&J:gimcau):dat ¢ vasnagded- duopwi se mephghoxad ylg stéﬂ Oﬂal de
(135 ny; 1.1 mol ). After stlrrlng Yat’oc for 3 hours, the ‘reaction was

quenched wit hssagur ateda-H¥4Chyo . ard the gorganiae, phase was washed with water
and brine and 10 dried and concentrated. The crude residue was purified

EXAMPLE 2

Synthesis of 2-phenvyl-l-ethyl 1-(3,3-dimethyl-1, 6 2-

10 dioxopentvl) -2-piperidinecarbethicate (9)

Methvi {(258Y-1-{1,2-dioxg-2-methoxvethyvl)-2-

pvrrelidinecarboxvlate. A scolution of L-proline methyl

ester hydrochlbride (3.08 g; 18.60 mmol) in dry methylene
chioride was cooled to 0°C and treated with triethylamine

(3.52 ¢; 36.74 mmol; 2.1 eq). After stirring the formed

}-
n

siurry under a nitrogen atmosphere for 15 min, a solution
of methv! oxalyl chlcride {3.20 g;‘ 26.12 mmol) in
methyiens chloride (45 mL) was added dropwise. The
resulting mixture was stirred at 0°C for 1.5 hour. After
20 filtering to remove sclids, the organic phase was washed
with water, dried oﬁer MQSCu and concentrated. The crude
residue was purified on a silica gel column, eluting with
50% ethv: acetate in hexane, to obtain 3?52 g {88%) of

the product as a reddish oil. Mixture of cis-trans amide

8]
n

rotamers; data for trans rotamer given. H NMR (CDC1,) :

5 1.93 {dm, 2E); 2.217(m, 2H); 3.62(m, 2H); 3.71 (s, 3H);



on a silica gel colum, eluting with 20:1 CH2C12: EtOAc to obtain 300 ng of
the oxamate as a clear oil (98%, "H NVR (CDC13; 300 MHz): 1.68 gm 4H) ;
1.91-2. 38WOMBMAMP: 2. 64 (t, 2H) : 3.66-3.80 (m 2H) : 3. 7HCTESEESE2 3y
total); 15 4.16 (m 2H); 4.90 (m 1H); 7.16 (m 3H); 7.27 (m 2H).
(2S)-2-1(1-oxo-5-0ohenv'"'--qgentvl-1-(3,3-dinmethvl-I,2- 20

di oxonentvl)ovrrclidine ! ! To a sol utlgg of the oxamate AYSVE ?550 ny;
0.79 mml) in anhydrous ether (15 nmnlL), cooled to - 78C, was added

1, 1- dlnethylp o] es l_gni de (& 8 fir @ ion in
et her; : e 9% if?g?qgfl ?#mﬁé’@ cié rgsu |(rég§_m0'%< Jl N?@éj}for 2
hours, the react ion. C tk li raztgd
NH, Cl, followed by TOC OAT

bri dried, ,25,. esq, by -

ol ut s hg wi th séq—%ﬁ%—a%mzﬂ—%m’? GRIBCRELE By ‘iep““% i m%sh?gfgﬁz %YIC?S%?' b
PCT/ 97/ 15832+.1 A I N 13,
e 'L\j /5% 31 4. (@P&é ﬁ%ﬂ&q?& f.@ ) @ﬁol@.‘dlﬂe&%@b@ﬁ.@daﬁe gﬁﬁm;

1.70-2.33 (mgGH)l@ 92) 6fﬂmc§1 ?LH 3]0‘7mﬂ,) of JSLrdyd2bturand. (rHFL , wad,
J=6.2) 7 4.52°(m 1A ; 7. 16 7.49 (m SH . Anal. Calcd. for C22H31NOB -

H2G C, 70. 37¢obh 8. &@: Nyged. Zﬁd otk t 8. 48rhH, 18, B5mLN.oB. §9.1 .BXAWPLE 2
Synt hesi s of 2-phenyl-I-ethyl 1-(3,3-dinmethyl-1, 2-
solution of 1,1-dimethylpropylmagnesium chloride in THF.

- After stirring the resulting homogenecus mixture at -78°C

for three hours, the mixture was poured into saturated

10 Vammonium chloride (100 mi) and extracted into ethyl
acetate. The organic phase was washed with water, dried,

and concentrated, and the crude material obtained upoen

removal of the solvent was purified on a silica gel
column, eluting with 25% ethyl acetate in hexane{ to

13 obtzin 2.10 g (75%) of the oxamate as a colorless oil,

| “§ NMR (CDCl,): 6 0.88 (t, 3H); 1.22, 1.26 (s, 3H each);

1.75(ém, 2H); 1.87-2.10 {(m, 3H); 2.23 (m, 1H}; 3.54 (m,

2M); 3.76 (s, 3H); 4.52 (dm, 1H, J=8.4, 3.4).
{28)-1-{1,2-dioxo-3 3-dimethvlipentvl)-2-pvrrolidine-
20  carboxvlic acid. A mixture of methyl (2S5)-1-(1,2-dioxo-

3,3-dimethylpentyl) -2 —pﬁfrrolidinecarboxyl‘ate (2.20 g;
8.22 mmol}, 1 N LiOH (15 mL), and methanol (50 mL) was
stirred at 0°C for 30 minutes and at room temperature
‘overnight. The mixture was acridi-fied to pH 1 with 1 N
25 HCl, diluted.with water, and extracted into 100 mL of

methylene chioride. The organic extract was washed with



W

di oxooent vl ) -2-ni neri dinecarbothioate (9) Mthv' _(2S -1-(1

2- di oxo- 2- nethoxvethyl) 2 pvrrolidinecarboxvlate. A solution_ of grollne
met hyl esY@PRPE ochl oride (3.08 g; 18.60 nmmol) in dry net¥AEsE1S88) or i de
was cooled to OC and treated with triethylamne 15 (3.92 c¢; 36.74 nmmol; 2.1
eq). After stirring the forned slurry under a nitrogen at”ﬁ%ﬂf&{h%é’sfor 15
mn, a solution of -methyl oxalyl chicrisge (3.20 g; 26.12 mmo

nethylene chloride (45 nL) was added dropmnse The resulting m xture was

stirred at 0G.liale Tk NOWKced 862081 A LLI0D §076elDvg 39! ids, 5&%09& o

organi ¢ phase was washed wth water, dried over conc

The crude regjidue wasiPuilfdedion ﬁo@'fé&?:g%% gkﬂgge (L; 2 e S 50

et hyl ~acetate in hexane, to obtain 3.52

reddi sh oi |l . *M xuar ecoé1oi s- tg gngaNide a8y .r t@@erg gat f of rot amer

gi vep. 'H NWVR (CDC13) 6 1.93 (dm 2H)’; %5 ? g? 2 Ef%ﬂﬁ3 71 (s,

3H) ; 98/ 13343 RGH,US$1/;15832 I ARkl %OQS % 11H39 232%4 ((ns 18hitotal);

4.86 (dd, 1H, J=8.4, 3.3). Methyl (2S)-1-(1i,.2-di'oxo-3,3-d

t hyl pestyl ) - 2-. sqvr{dal i dimedarimoxy) at e3) ) A S083it (@8, oL HE bxel 6(25) 13-

(1, 2- di oxo- 2- met hoxyet hyl ) - 2- pyrrolldlnecarboxylate (2 55 g; 10 90 mmol )

in 30 nL of tetrahydeofliransERE) WS, 3{&m¢@ﬂh¢b—178Cd&a&obéﬁ&§3§ _pi-th 14.2
eln

m. of a 1.0 M solution of 1,1-dine thyl propyl nagnesi um chl ori HF.
Af ter stirri papehe diesdstribog Hioraogenédls mbd use sallutdm of (25) -

(l,2-dioxo—3f3-dimethylpentyl)-2-pyrrolidinecarboxylic
acid (241 mg; 1.0 mmol) in CH.Cl, (i0 mkL) was added
10 dicyclohexylcarbodiimide (226 mg; l.lr mmol) . After
stirring the resulting. mixture for 5 mwminutes, the
solution was cooled to 0°C and treated with a solution ofl
phenyl mercapcan {138 mg ; 1.0 mmo L) and 4-
dimethylaminopyridine {6 mg) in 5 ml of CH,CIl,. The

mixture was allowed tc warm to room temperature with

}_l
15]]

tirring overniahkt. The solids wers removed by

n

|f1

iltration and the filtrate was concentrated in vacuo;
the crude residue was purified by flash chromatography
(10;17hexane:EtOAc) to obtain 302 mg }84%) of 9 as an
20 coil, ‘H NMR (C.'DC]_J, 300 MHz): &6 0.85 (&, 3H, J::'?.S);.
1.29 (s, 3H); 1.31 (s, 3H); 1.70-2.32 (m, 6H); 2.92 (t,
2H, J=7.4); 3.22(t, 2H, [J=7.4); 3.58 (m, 2H); 4.72 (m,
1H); 7.23-7.34 (m, SH). Anal. Calcd. for C,H,,NO,5 -

0.4H,0: C, 65.15; H, 7.60; N, 3.80. Found: C, 65.41;




for three hours, the m xture was poured into saturated 10 amoni um chl ori de’
(100 nm.) and extracted into ethyl 15 acetate. The organi ¢ phase was washed
with wateWO®13# and concentrated, and the crude nateri &CTEBPHIWE upon
renoval of the solvent was purified on a silica gel colum, eluting with
250 ethyl acetate in hexane, to obtain 2.10 g (750) of the @{ﬂﬁ%g as a
colorless oil, "H NWR (CDC13) 5 0.88 (t,393H) ;o 1.22, 1. 261( ach);
1.75(dm 2H); 1.87-2.10 (m 3H); 2.23 354(m 2H) ; 376(s 3H) ;

(m
4.52 (dm id, J=8.4, 3.4). (28)1(
3-di et hvl pentvl) 2- pvrrol i di ne- 20 ca}}éggéﬁ ?c

acid. A mxture of nethyl
(2S)-1-(1,2-di oxo- i

%te (2.10 g;

8.23 mml), 1 NLi : j at 0C for
30 m nutes ang: G : g j ) aci ied to
pH 1, W|th 1 t - T ACT e T 020t nﬁofc}
met hy} ene chl orldﬁetf[ @ oraanalcze)arcﬁss g 1 -YQ 98L 13343,

PCT/ Ué97/ 15832 14 rine an concen rate

87 ld d wh d f
7ok ok et ) ST i Pt

2.02 ngd 2 gé_:z,cmbra;a)e 28250(rg; 1@ 35 3m1'§§l§ddr125ry~]—rﬂ@tl4ylgn§)
2" eyl |1 - o1 by briaes. MOt hub - bk G6650BENEY o8 and treated with
triechylamine (10.5 g; 103 mmel; 2.1 eq). After stirring
the formed slurry under a nitrogen atmos?here for 15
10 minutas, a solution of methyl oxalyl chloride (8.50 g;
. 65.4 wmmol) in methylene chloride ({75 mL) was added
dropwise. The resulting mixture was stirred at 0°C for
1.5 hours. After filtering to remove sclids, the organic
phase was washed with water, dried over Mgsoql_aqq ,
15 concentrated. The crude residue was purified on a silica
gel ccLumn, éluting with 50% ethyl acetate in hexane, to
obtain 2.34 g (86%) of the product as a reddish oil.

Mixture of cis-trans amide rotamers; data for trans

rotamer givern. *H NMR (CDCl,): 6 1.22-1.45 {(m, 2H);
20 1.67-2.78 (m, 3H); 2.29 {m, 1H); 3.33 {m, 1H); 3.55 (m,
15); 2.76 (s, 3H); 3.85, 3.87 (s, 3HE total); 4.52 (dd,

1H) .

Metrhvl 1—(1,2—dioxo-3,3-dimethvlnentvlf—2-Dineridine-

garbegxviate. A solution of methyl 1-(1,2-dioxo-2-

25 methoxyerhyl) -2-piperidinecarboxylate (3.80 g; 16.57

mmel} in 75 mL of tetrahydrofuran (THF) was cooled to -



tioeridine carbothioate (9) . To a’'solution of (2%)-1- _ '
(1, 2-di oxo- 3, 3-di net hyl pentyl)-2-pyrrolidinecarboxylic acid (241 - 1.0
mol) in CKOO¥13%40 ni) was added 10 di cycl ohexyl car bodii mHe/¥$85%%: 1.1
mmol ). After stirring the resulting. mxture for 5 nlnutes .the solution
was cooled to OC and treated with a solution of phenyl g@ﬁ Mons (136 no;
1.0 mmol) and 4- di met hyl ami nopyridine (Hzmg) in 5 ml of CH va m?%eiS

m xture was allowed to warmto roomtenperature with stirring overniaht.

The solids wefge¢emmyad-dited Wildirticon aﬁﬂotrha fibtmads yesogpEantyated in
vacuo; the crude residue was purified by flash chromatography 107 1

h Et CA |, , 300
P i 2 T e i e W

6H) ; 2.92 (tthe?lidesd3tiftly Iowddénedht Fktdire 3ab8 (Mo 2Hrord rid-ddn 1H)
; 7.23-7.34 (m SH). Anal. Calcd. for C20H2. 7NO3S - 0.4HzZD: C, 65.15; H

7.60;; N, 3.80nodesindthe, mixtrdke WosHpotrddE MtS. FAru¥Ord/ Biddhium
PCT/U§97/15832 14 April 2005 39 EXAMPLE 3 Synthesis of 2-phenyl-I-ethyl

(29)-1-9 3, 3- chletiyd - 11006 dloxepehteps)r=tpyd rioltciadodr hntdiaond e (14D
Met hyl 1-(1, 2-di oxo-2-net hoxvet hyl)-2-piperidine 5 carboxylate. A solution
of nethyl pipeomdraie phasechivasi deashesd gyidy. 3damev| ) driddy neiryl ene
concentrated, and the crude material'bbtained upon |
removal of the solvent was purified on a silica gel
column, eluﬁing with 25% ethyl acetate in hexane, to
10 - obtain 2.32 g (74%) of the oxamate as a colorless oil, 'H
NMR (CDCl,): & 0.88 (&, 3H); 1.21, 1.25 (s, 3H each);
1.35-1.80 (m, 7H); 2.35 (m, 1H); 3.24 (m, 1H); 3.41 (m,

1H): 3.76 (s, 3H); 5.32 (4, 1H).

1-(1 . 2-ddioxo-3,3~-dimethvipentvl)-2-piperidine-

15 carboxvlic acid. A mixrure of methyl 1-{(1,2-dioxo-3,3-

dimethylpentjrl)—2—piperidinecarboxylate {(2.30 g; 12.25
mmol), L N LiOH (15 mL), and methanol (60 mL) was stirred
at 0°C fcr 30 minutes and at room témperature overnight.
The mixture was acidified to pH 1 with 1 N HCl, diluted
20 with water, and extracted into 100 mL of methylené
chloride. The organ'ic: extract was washed with brine and

concentratad to deliver 2.80 g (87%) of snow-white solid

which did not reguire E£urther purificé:tion,. *E NMR
(ChCl,): b 0.89 {t, 3H); 1.2%, 1.24 (s, 3H each); 1.42-
25 1.85 {m, 7H); 2.35 {(m, 1H); 3.22 (4, 1H}; 3.42(m, 1H);

Ln
L
P

(¢, LH}.




chloride (100 nL) was cooled to OC and treated with triethylamne (10.5 g;
103 mol ; 2.1 eq After stirring the fornmed slurry under a nltro

at rmspheré"(??ﬁ“-”i 10 minutes, a solution of nmethyl oxalyl g%f’S 50 g;
69.4 mmol) in nethylene chloride (75 nL) was added dropw se The resul ting
m xture was-stirred at OC for 1.5 hours. After filtering tQ“@”“:‘Q@Mg sol i ds; -
the organic phase was washed with waterg; dried over MgSH4 a

concentrated. The crude residue was purified on a silica gel colum,
eluting with 50%etdylnacetated ) t:ai 9. .i3fe &4 6_°/g of_ the -
product as a reddrs for

trans rotamei; gimesheyH %&ﬁ?@ﬂﬁhﬁeéaggoéhééae@ (%(i;l%oz, 20 1 o87- 578 (m
3H); 2.29 (m™IH); 3.33 (m IH ; m S, 3H); 385 3.87
(s, 3H total )so¥utbZohdd, oifH) . Met hyl 21d163c023d|3®6kr§ethylpent ~2-

3-di pet hvl oent vl ) - 2-ni neri di ne- carbcxv_ate. A sol ution of net Ky _

1- (1, ?- di oxo-gZrpebi deidiuassidwydie- atper i(disseerr;baxyd atmol 8. 88 an,dB. 57
mrcl )" in 75 nL of tetrahydrofuran (THF) was cooled to WD 98/ 13343

PCT/ US%7/ 15832 tl 4nlfprwd s 200%edl 011 pEl anelxyt eatrpdd i mbd20.(226L maf; a.1. 0 M
solution of 1,1- dinethyl-propyl magnesiumchloride in THF. After stirring
the resul ti ngmiwdnogenebfisen xtineriatg - T3€ f oestbhreag hoixrsurehefon xBure was

poured into saturated ammoni um
minutes, the solution was cooled to 0°C and treated with

a soluticn of phenyl mercaptan (138 mg; 1.0 mmol) and 4-
dimethylaminopyridine (6 mg} in 5 ml of .CH,CI,. The
10 mixture was allowed to warm to room temperature with
stirring overnight. The solids were removed by
filtration and the filtrate was concentrated in vacuo;
the crude residue was purified by flash chromatography
(10:1 hexane:EZtOAc) to obtain 300 mg (80%) of 10 as an
i5 oil, *H NMR {(CDCl,, 300 MHz): 4 0.94 (t, 3H, [=7.5);
1.27 (s, BH); 1.30 (s, 3H); 1.34-1.88 (m, 7H); 2.45 (m,
1E); 2.90 {(t, 2H, J=7.7); 3.26 (tc, 2H, |=7.7); 3.27 (m,
i"H),; 3.38 (m, lH)} $.34 {(m, 1H); 7.24-7.36 {m, SH).
Anal. Caled. for C,H,NO,S: C, 67.17; H, 7.78; N, 3.73.

20 Found: C, €7.02; H, 7.83; N, 3.78.

As discussed above, the compounds of the present
invention have an affinity for the FK506 binding protein,
particularly FKBP12. The inhibition of the prolyl

25 peptidyl cis—‘crans isomerase activity of FKBP may be

measured as an indicator of this affinity.



5 chloride (100 nmL) and extracted into ethyl acetate. The organic phase

was washe i ter, dried, and concentrated, and the cr
i (ﬁ%/ﬁﬂ? '}id‘z”%zfﬁ%ém umm,

obt ai ned P&hoval of the sol vent was purlfl ed on a sil

eluting with 256 ethyl acetate in hexane, to 10 obtain 3.32 g (746) of the
oxamate as a colorless oil, "H NWR (CDC13) 6 0.88 (t, 3H) ;44 @%051 25 (s,
3H each); 1.35-1.80(m 7H); 2.35 (m 1I—Qj 3.24 (m 1H); 3.41 %

3.76 (s, 3H); 5.32 (d, iH. 1-(1 2-dioxo-3 3-dinethvloentyl)- 2p|Der|d|ne-

15 carboxvlic acid. A m xture of gretwhyt ﬂ‘r(,g_.eangleoxo 3 3-
di met hyl pentyl ) - 2- pi peri di necarboxyTate (3.30 g mml ), i N LiOH (15

nm), and nethanolr{ii®Mdoas stirredel apef gla t%@_»d]]yr]_ut es; sk Al d OOm
tenperature overnight. The mxture was acidified fo pH1 with 1 N HC1,

diluted 20 w thowah@se) anerextitacted ERbO iQRAHI W sBhP¥heAs <ehl aud de.
The organi ¢ extract was washed with brine and concentrated to deliver: 2.80

g (8799 of snevawmtedsbli tnonhi alethsiales@aibe® finrther Piddddtgatd on, ' H
NI\/R CDC1,) 6 0.89 (t, 3H) ; 1.21, 1.24 (s, 3H each); 1.42 25 1.85 (m

7H); 2.85 (m (Rébdirgg 22c (48l . | Hvatdré2(wpsdt) 3415788 (14,0 ;i |'H)oltV\Qt9&{113343
PCT/ US97/ 15832 14 April 2005 41 2-phenyl-l-ethyl (2S)-1-(3,3-dinethyl-
di oxocent yl ) -2: ovnr. olClemec aplrot, hilget 2 42I0)293®) a These values are
obtained as apparent XK;’'s aﬁd are presented for
representative compounds in Tablé Iv. The cis-trans
isomerization of an alanine-proline bond: in a model
10 subkstrate, N-succinyl—Ala—Ala—Prd—Phe~p-nitroanilide,is
monitcred spectrophotometrically in a chymotrypsin-
coupled assay, which releases para-nitroanilide from the
trans form of thé substrate. The inhibition of this
reaction caused by the addition of diffe;ent"
15 concentrations of inhibitor is determined, and the data
is anaiyzed és a change in first-ordexrx rate constant as

funczion of inhibitor concentration teoe vyield the

m

apparent K. values.
In a plastic cuvette are added 950 mL of ice cold
20 assay buffer (25 mM HEPES, pH 7.8, 100 mM NaCl), 10 mL of
FKEP (2.5 mM in 10 mM Tris-Cl pH 7.5, 100 mM NaCl, 1 mM
dithiothreitol), 25 mL of chymotrypsin {50 mg/ml in 1 mM
HC)) and 10 mL of test compound at various concentrations
in dimethyl sulfoxide. The reaction is initiated by the

25 " addirticn of 5 mL of substrate {succinyl-Ala-Phe-Pro-Phe-

para-nitroanilide, 5 mg/mbL in 2.35 mM LiCl in



solution of . 1-(1,2-dioxo-3,3-dinethylpentyl)-2- piperidine-carboxylic
acid (255 ;. 1.Omol) in CHC12 (10 nL) was added -
dicycloheﬁggéﬂiﬁ%ﬁiihide (226 mg: 1.1 nmmol). After stirridgdyiHe 1e&8Iting
m xture for 5 mnutes, the solution was cooled to OC and treated with a
sol ution of phenyl nercaptan (138 ng; 1.0 mmol) and 4- 14 Aoril 2005 :
di nmet hyl am nopyridine (6 ng) in 5 m of . Clz. The 10 m xture was al | owed
to warmto roomtenperature with stirring overnight. The solids were

removed by filt.rat] filtrate was concentrated in vacuo; the
télfi%§¥§§égk%§ﬁ

crude residue Was p y flash chromat ography (10:1 hexane: EtQAc) to
obtain 300 ng (80 o] L . 3 . .d-0.94 (t,
3H, j=7.5): 1. 279%15, 5?%«??"3%1% ‘%‘g,9%%’-1)#%%%%48@;3%1“%85%;“%?%%‘1( FPE 11y
2.90 (t, 2H Jo/. Qecondd (i , J= : _ e 3 m ; 5.34
(m 1H): 7.24-7.38 (M SH). ﬂﬁér.aca%§§¥tf§¥g%§%ﬁ55%%%s?n%; g?&l??%t% 7.78:
N, 3.73. 20 Foupdcdardar@2deierni®®d Mrch e é&s@'r%‘é&h%%e%ég%et 1he
conpounds of the present invention have an atfinity for the FK506 %lndlng
proteing partiggelzardin FLBP12. The inhibition of the prolyl 25 peptidyl
cis-trans isonerase activity of FKBP may be neasured as an indicator of

;?LiegLIgnity- WOrf8/ 343 Per/ WSRHe15838e+4mbRELl 2005rddreKentgtlive
compounds are presented in Table IV under the column

"Riv.
The neurotrophic effects of the compounds of the

10 present invention can be demonstrated in cellular

biological experiments iIn vitro, as described below.

Chick Dorsal Root Ganglion
Cultures znd Neurite Outgrowth

15 The neurotrophic effects of the FKBP inhibitor
COmMPOUNds wefe demonstrated by evaluating the ability of

the compounds to promote neurite outgrowth in cultured

chick sensory neurcns from dorsal root ganglia. Dorsal

roct ganglia were dissected from chick embryos of ten day

20 gestation. Whole ganglion explants were culturéd on thin
layer Matrigel—coated i2 well plates with Liebovitz L15

plus high giucose media su?plemented with 2 mM glutamine

‘and 10% fetal calf serum, and also coﬁtaining 10 uM
cytcsine R-D arabinofuranoside (Ara C) at 37°C in an

25 environment containing 5% CO,. Twenty-four hours later,

the DRGs were treated with various concentrations of



I nhibition of the peptidyl-prolyl isonerase (rotamase) activity of the

i nventive conpounds can be evaluated by known net hods described in the
literatureWQ¥B#3ng et al., Nature, 1989, 341:758-760; Hol PCEUSAT/IS83y. Am
Chem Soc., 115:9923-9938). These values are obtained as apparent K s and
are presented for representative conpounds in Table IV. Th 4@3&?2‘055“5

i soneri zation of an al anine-proline bond jpn a nodel 10 substrdte '
N-succi nyl - Al a- Al a- Pro-Phe-p-nitroanilide, is nonitored

spect rophot onegg6ald otk t LRz I Y, ' | eases
Para-nitroanilide fréom t he§at%?§%g %Bg??nhg}:)hgﬁ'g&sggg??gge?r%é&lﬁn & FHBn of

this reactionzgauged dde pddid i on -q:fozqg}f_f@f@% %wceéggea}i Qcﬂ:sug?f

inhibitor is determined, and the data is analyzed as a change in °

first-order ratgegonehant @e aydrtIctd 0fyefe | R RIA DIz &N ti 0
yield the aDDarent K.  values. In a plastic cuvette are agggﬁdé Sé}%_éeof ice

cold 20 assaycdmifast (27 rMdHERES, Meldula®icHOcoMMNaGE) wilth Nk %{ j_é:Jz(BP
(2.5 fiMin 10 nMTris-O pH 7.5, 100 nM NaGl, 1 nM dithiothreitol ). 25 ni

of chynt rypsisxigteny/ thvencdd i bECoscapd .10 Phoobmi€sbgeapREURE &he
various concentrations in dinmethyl sulfoxide. The reaction Is initiated by
the 25 additiemplnts nLweresubatdate (sndci nyduAiee Pheoligrdieh was
Para-nitroanilide, 5 ng/nL in 2.35 MM LI in WO 98/13343 PCT/ US97/ 15832 43
14 April 2005 quantitated. Neurites longer than the DRG diameter were
counted as positive, with total number of neurites
quantitated per each experimental condition. Three to
10 four DRGs are cultured per well, and each treactment was
prerformed in duplicate.
Dose-response curves were generated from which ED,
ralues were obtained. The results of these experiments
are presented in Table IV undexr  _the column "ED50" .

15 Representative photomicrographs of untreated (control)

sensory neurons and of compounds 1 (10 pM, 1 nM, 1 uM),

w

(10 pM, 1 nM, 100 nM} and 10 (10 pM, 1 nM, 100 nM)
promoting neurite ocutgrowth in sensory neurons are shown

in FIG.'s 1(A-D), 2(A-D) and 3(A-D), respectively.

20
MPTP Modél of Parkinson‘s Disease
The remarkable neurctrophic and neuroregenerative
effects of the present inventive compounéé were further
demonstrated in an animal model of neurodegenerative
25 disease. MPT? lesioning of dopaminergic neurons in mice

was used as an animal model of Parkinson’s Disease. Four



trifluoroethanol). The absorbance at 390 nmversus time is nonitored for
90 seconds using a .spectrophotoneter and the rate constant -
det er m ne&“??%’ri’gf%e absorbance versus tine data files. Thg’cigfsg%f%Pzthese
experinments for representative conpounds are presented in Table |V under
the colum "Ki". The neurotrophic effects of the conpounds,pf r“bgs 10
present invention can be denonstrated in,gellular biologica? é&perlnents in
vitro, as described bel ow. Chick Ebrsal'%bot Ganglion Cultures and Neurite
Qutgrowth 15 Therneplronphi epel Lanls of: LBeWEKEP ddNUdI 50b. cAmpUsgls were
dermonstrated by evaluating the ability o the conpounds to pronpote neurite
outgrowth in Elbll/kPlr gd mphbCkoseBSaLY NeURQRS (I RPARMNEA! (fd ?ﬁﬁ/lﬁﬁﬂ'z A

en day

Dorsal root ganglia were dissected fromchick embryos o

gestation. Wigkgigangl ,eReeXBhAREErWeRd GUlL UAGRN it thaWesTP for
Matri gel -coated 12 well plates with Liebovitz L15 plus high glucose nedia

suppl gnent ed wi Way2z, Mdpludian ge fard 10 {@intiesdl sedudis afsh Bdwhng

containing 10 gM cytosine QD arabinofuranoside (Ara C) at 37Cin an 25

environgent ceakakoibg 5% KOrr tweatyeheur Beuns ldayer follwriDREvyeEs e

treated with various concentrations of WO 98/ 13343 PCT/US97/15832 14 April

2005 44 treatment, the animals were sacrificed and the striata
were dissected and homogenized. immunoStaining Was
performed on saggital and coronal brain sections using
anti-tyrosine hydroxylase 1 g to'quantitate.survival and

10 recovery of dopaminergic neurons. In animals treated

with MPTP and vehicle, a substantial loss of functional

paminergic terminals was observed as compared to non-

L
0

lesioned animals. Lesioned animals receiving test

compounds showed a significant recovery of TH-stained

$-2
tn

dopaminergic neurons.

The resuits of these experiments are presented in
TABLE IV under the column "$ TH recovery". Quantitation
for the recovery cf TH-positive dopaminergic neurons in
the striatum of animals receiving comppunds i, 9 and 10,
20 and for representative control and lesioned animals not

recelving the test drugs, are presented in FIG. 4.



nerve growt h factor, immunophilin I'igands or conbinations of NFG plus
drugs. Fortg- ight hours after drug treatnent, the ganglia were visualized
under. phas‘g 9@5%9%ast or Hoffnan Mbdulation contrast with a Zeped/ 18832

Axi overt inverted mcroscope. Photonicrographs of the  explants were nade,
and neurite outgrowth-was quantitated. Neurites |onger tham’AFpiszQBG

di aneter were counted as positive, with tgotal nunber of neurites
guantitated per each experinental condition. Three to 10 four DRGs are

cul tured per well, and each treatnent ™MEST, formed in duplicate.
Dose-response curves were generated fr‘mn*v%'i&gh ED50 val ues were obtai ned.

The results of these experinents re._presented in Table IV under the
col uim 11ED50". 15 Representative &ws of untreated (control)
sensory neurons and of conpounds 1 (10 pM 1 nM 1'M, 9 (10 pM | nM 100
nM @and 10 (1@&xpmplel# nM 100 nNEi. _mvlonot i ng Bl il out qf%0TH Redgvesensory
neurons are shown in FIG's 1(A-D), 2(A-D) and 3(A-D), respectively. 20
MPTP 'Model of jParkinson's Diseage The remar kapl e neur ot rgphi c and
neur oregenerative effects vl the present inventive conpounds were further
denonst cat ed 'gn‘ an ani mal nodel g)f neur odegenerative 25 disease. MPTP

f 0%11

5

| esi oning o opam nergi ¢ neur in mce was used as an ani mal nodel of
Par ki nson' s Di35ease. Four

8 _ -

9 | | 04 | 0.5 61

10 12 08 54

11 299 0.36 | 53

10 12 442 0.025 -
14 313 0.9 48

28 | 108 0.9 41

29 59 0.003 50

30 11 0.00025 65

15 31 8.7 - 31
32 362 - . 52

33 1698 - -

34 | 34 ' 0.9 ‘ 48

35 62 - -

20 36 7 —~ 56
37 . 68 - .

38 8.9 0.011 3732



WD 98/ 13343 PCT/ US97/ 15832 14 April 2005 45 week old male CD1 white mce
wer e dose th 30. ng/ kg of MPTP for 5 days. Test co
ng/ kg), or by&ﬁ”’g e, were adninistered s.c. along wth theW?ﬂés%z
days, as well as for an additional 5 days followi ng 5 cessation of I\/PTP
treatnent. At 18 days followi ng MPTP treatnent; the aninalsg m :
sacrificed and the striata were dissectgd and hom)genl zed. 1 nostal ni ng
was perfornmed on saggital and coronal br,ai n sections using anti-tyrosine
hydroxyl ase 139 to quantitate sypvival and 10 recovery of dopami nergic
neurons. In aninmals treated wth MPTP and vehicle, a substantial |oss of
functi onal g%ﬁan‘i nergic term gg{lzé was observed as conpared to non-
| esi oned ani Lesi oned ani receiving test conpounds showed a
significant recovery of TH stained 15 dopam nergic neurons. The results of
t hese experinBhts are presented®n "~TABLE I¥ under the -col um "% TH
recovery". Quantitation for the recovery of TH-positive dopam nergic
neurons in the striatumof ani2gals receivisag conpounds.l, 9 and 10, | 20
and for representative control and | esioned aninmals not receiving the test
dr-ugs, gre prgsented in FIG 475}3{\0 98/ 1334346 PC 1 US97/ 15832 TABLE |V14

2

Apri |

4 188 -~ 25

45 3 - _

46 757 - -

47 21 - 50

10 48 127 28
49 1334 -

50 55 - | 62

51 | 33 - _

52 6 - -

15 53 261 - -
54 37 - -

55 30 - ~

56 | g0 - -

57 - 57 - -

20 58 79 - -
59 w2 - -

60 | 90 - -



In Vitro Test Results Exanple #Ki. nMED50. nM% TH recovery 1310. 423 2210---
85 91040.561 10120. 854 112990. 3653 10124420. 025-- 14.3130. 948 281080. 941
29590. 00358V 3839002565 -5318. 7--31 32362--52 331698 3434PTSILEB2
2036756 3768 388. 90.01137.32 | WD 98/ 13343 PCT/US97/ 15832 14 April 2005 47

39347 401226 41366. - 14 April 2005
| a8 |
61 - o me - -
62 | 196 - —
) 63 2 - -
P | 163 - -
5 65 | 68 - o
66 306 5 38
671 177 _ .
68 284 - -
69 49 - 23
10 70 457 - 25
71 788 .-; -

All publicztions and patents identified above are

i5 nereby incorporated by reference.

The invention being thus described, it will be
obvious that the same may be varied in many ways. Such
variations are nct to be regarded as a-aeparture from the
spirit and scoﬁe cf the invention .and all such

20 modifications are intended to be included within the

scope of the follewing claims.



4228 543259 188-25 4531 46757 472150 1048127--28 491334 505562 513,3 526
1553261 5437 5530 56880 5757 205879 59962 6090 PCT/ US97/ 15832 48 56568
66306538 67177 68284 694923 107045725 71788

14 April 2005

-49:-

Claims:

1. A compound of formula Ii:

II

ora pharmaceut:cally acceptable salt ester or solvate thereof whereln
nis1or 2;

XisOQors; S
Zis selected from the group consisting of CH,, CHR; and CR, R, ;
R1, Rs, and R; are independently selected from the group Consisti_ng of C, -C; straight or
branched chain alkyl, C, -Cs straight or branched chain alkenyl, and Ar, wherein said Ry, R, or
Rs is unsubstituted or substituted with oné or more substituents independently selected from the
group consisting of halo, trifluoromethyl, nitro, C, -Cs straight or branched chain alkyl, C, -Cs
straight or branched chain alkenyl, hydroxy, Cq -C, alkoxy, C, -C, alkenyloxy, phenoxy,
.benzyloxy, amino, and Ar, _
R4 is selected from the group consisting of C; -Cq straight orbranched chain alky!, Cz-Co
straight or branched chain alkehyl ‘G5 <Cq cycloakkyl, Cs -C; cycloalkeriyl and Ar; provided that
when Zis CH,, R;is ethyl, Xis O and niis 2, then R4 is not 1,1 dimethyl propyl and;
Aris an aromatic carbocyclic or heterocyclic group having a single ring or multiple condensed
© rings in which at least one ring is aromatic and may contain 1-6 heteroatom(s) selected from the
 group consisting of O, N, and S, wherein said Ar is unsubstituted or substituted with halo,
triﬂuorometh_yi; hydroxy, nitro, C, -C; straight or branched chain alkyl, C, -Cs straight or
~ branched chain alkenyl, C -C4 alkoxy, C; -C, alkenyloxy, phenoxy, benzyloxy, or amino. -

2. The compound of claim 1, whereln
nis 1; and
XisO.



I ncorporated by reference. The invention being thus described, it wll be
obvi ous that the sane may be varied in many ways. Such variations are not
to be regarded as a departure fromthe spirit and scope of the invention

and all such 20 nodifications are intended to he included wjlgpiﬁpzoépgf scone.

of the following clains. 14 April 2005 - 49: dains: 1. A conpoun

formula I'l: Il R4 or a pharnaceutically acceptable salt, ester, or solvate
thereof, wherein: nis 1 or 2; XisOorS, Zis selected fromthe graoup
consisting of CH2, CHR and CR, R2; "RO~ R2, and R3 are independentl!y

sel ected fromthe group consisting of C, -C5 straight or branched chain

al kyl, C2 -C5 straight or branched chain al kenyl, and Ar, wherein said R,
R2, 0B8. R3ThecompotstdficiHim®, ahe®isid ¢y ed with one or nore substituents

I ndependently selected fromthe group consisting of halo, trifluoronethyl,
nitro, C, -C6 straight or branched chain alkyl, C2 -Co straight or
branched ciiré torapdi@ialdf cldin @ AN¥reinR, i ] A4 al phenoxy,
. benzyl oxy, amrﬁ%, and Ar; R4 iarglrgpeﬁ %%@’%?%%% %&g %@%ﬁy@%{pﬁé of C,
-C9 straight or branched chain alkyl, C2 -C9 straight or branched chain

al kengl, CBhe Eimgolpiacleith 3, GRere R A¥ QLAIRNIEAY, andAdiALi o pv1 ded that

when Zis CH2, R3is ethyl, Xis 0 and n iIs 1,1 dinethyl
propyl and,
6. The compound of claim 3, wherein R; is 3-(4-hydroxyphenyl)propyl and R, is 1,1-
dimethylpropyl.
7. The compound of claim 3, which is selected from the group consisting of:

(2S)-3,3-dimethyl-1 -[2-(5-phenylpentanoyl)pyrrolidinylJpentane-1,2-dione;
(28)-3,3-dimethyl-1 ~[2-(5-(3-pyridyl)pyrrolidinyl]pentane-1,2-dione;

(28)-2-({1 -ox0-5-phenyl}pentyl-1-(3,3-dimethyl-1 ,2-dioxobutyl)pyrrolidine;
(25)-3,3-dimethyl-1 -[2—(5-(4-hydr0xyphenyi)pentanoyi)pyrrolidinyl]pentane-1 ,2-dione;
(28)-2-({1-Oxo-5-phenyl}pentyl-1 -(2-Cyclohexyi-1,2-dioxoethyl)pyrrolidine;
2-(1-Oxo-4-phenyl)-butyl-1-(3,3-dimethy!-1 ,2-dioxobutyl)pyrrolidine;
(28)-2-[5,5-dI(4~FIUorophenyl)pentanoyi]~1 -(3.3 dimethyl-1,2-pentanedione)pyrrolidine; and
pharmaceutically acceptable salts, esters, or solvates thereot.

8. The compound of claim 7 which is (25)-3,3-dimethyl-1-[2-(5-(3-
pyridyhpyrrolidinyljpentane-1,2-dione, or a phamaceutically acceptable salt, ester, or solvate
thereof.

9. The compound of claim 7 which is 2-(1-Oxo-4-phenyl)-butyl-1+(3,3-dimethyl-1-1,2-
dioxobutyl)pyrrolidine, or a pharmmaceutically acceptable salt, ester, or solvate thereof.
10.  The compound of claim 7 which is (28)-3,3-dimethyl-1-[2-(5-(4-
hydroxyphenyl)pentanoyt)pyrrolidinyllpentane-1 2-dione, or a pharmaceutically acceptable sal,
ester, or solvate thereof.
11.  The compound of claim 1, wherein:
‘nis 1; and
“Xis 8.




Ar is an aronmmtic carbocyclic or héterocyclic group having a single ring or
mul tiple condensed rings in which at |l east one ring is aromati ¢ and nay
contain 1-6 heteroaton(s) selected fromthe group. consisting of 0, N, and
S, wherein said Ar is unsubstituted or substituted with hal o,
trifluoronethyl, hydroxy, nitro, C -C6 straight or br anche%qug?as al kyl ,
C2 -C6 straight or branched chain al kenyl, C, -C4 al koxy, -
al kenyl oxy, phenoxy, benzyl oxy, or am no. 2. The conpound of claiml1,
wherein: nis 1; and XisO. 14 April 2005 -50- 3. The compound of claim 2,
wherein Z is CH2. 4. The conpound of °dl-ai m 3, wherein R3 is 3- pyri dyl propyl
and R4,i.s 1, 1-di nethyl propyl. 5. The conpound of claim3, wherein R3 is
2-phei§rlﬁﬁﬁﬂmp°éfﬁ O%&?ﬁmﬁ!ﬁn?ﬁ CHg. The conpound of claim 3, wherein R3
i s 3-(4-hydroxyphenyl)propyl and R4 is 1,1- dinethylpropyl. 7. The conpound
of cl 'm3T whi ch iscgelag%ted fromthe group consisting of:
(29) - 33:3- dT AR EAYPUNT A3 claim Jwhsielent anoyl ) pyrrol i di nyl | pent ane-1 , 2- di one:
(2S) - B8jis32;dinget hyl - 1-[ 2- (5- (3-pyridyl) pyrrolidinyl]pentane-1, 2-di one;
(29) %%&1 0x0- 5- phenyl } pentyl - 1- (3, 3-di nmet hyl - 1, 2- di oxobut yl ) pyrrol i di ne;
(2S) - VB2 met hyl - 1-[ 2- ( 5- (4- hydr oxyphenyl ) pent anoyl ) pyrrol i di nyl ] pent ane-1
, 2- di one;
(2S) - 2: ((1-0Oxo-5-phenyl } pentyl - 1- (2- Cycl ohexyl -1, 2- di oxoet hyl ) pyrrol i di ne;
2- (1- ém- 4-’b%‘?ﬂ}ﬁ’éju-"ﬂﬁﬁiai)@?ée‘fvhefaﬁnr?elﬁrﬁhz~ 1, 2- di oxobut yl ) pyrrolidi ne; |
(2S)-2-[5,5-di (4-Fl uorophenyl ) pentanoyl ]-1-(3, 3
di met hyl - Z-gent anedi_one) pyrrolidine; and pharnmaceutically acceptable
sal t s' 9 est E1%CopPOUd|qf S8 T nwherein Rads 4-phendeity andduds 1 drdimethylpmpyth i s
(2S)-3,3-dinethyl-1-[2-(5-(3- pyridyl)pyrrolidinyl]pentane-1,2-dione, or a
phar eutjcally acceptable salt, ester, or solvate thereof. 9. The
corrpgﬁffid ofh&: Qﬁu?d\ﬂgpl@p;n 14, which is selected from the group consisting of:
2- (1- Bxja-Gxordrphisyli=tx v (L cydoRadi-Teldikoathyipigsridine;
2-({1-oxo-6-phenyl}-hexyl)(2S)-1-(3,3-dimethyl-1 ,2-dioxopentyl)piperidine; .
3,3-Dimethyi-1-[2-(5-phenylpentanoyl)piperidino]-1,2-pentanedione: and

pharmaceutically acceptable salts, esters, or solvates thereof.

7. The compound of claim 16 which is 2-({1-ox0-6-phenyl}-hexyl)(2S)-1-(3,3-dimethyi-1,2-
dioxopentyl)piperidine or a pharmaceutically acceptable salt, ester, or solvate thereof.

18.  The compound of claim 1, wherein:
nis 2; and
Xis S.

19.  The compound of claim 18, wherein Z is CH,.

20.  The compound of claim 18, wherein Z is CHR,.

21. The compound of claim 13, which is 2-({1 -Oxo-[2-{2"-phenyl}ethyl]-4-phenyl}-butyl-1-(3,3-
dimethyl-1,2-dioxobutyl)piperidine. : o

22. A pharmaceutical composition comprising:
(i) an effective amount of the compound of claim 1; and
. (i) a pharmaceutically acceptable carrier.



di oxobutyl)pyrrolidine, or a pharmaceutically acceptable salt, ester, or
sol vate thereof. 10. The conmpound of claim7 which is

(2S)-3, 3-di net hyl -1-[ 2-(5-(4-

hydroxyphenyl)pentanoyl)pyrrol|d|nyl]pentane |, 2-dione, or a
pharmaceutically acceptable salt, ester, or solvate thereo,4‘$§?0{
conpound of claim1, wherein: nisl;and X iIs S. 14 April SA 2. The
conpound of claim 11, wherein Z is CH2. 13. The conpound of claim1, _
wherein: nis 2; and XisO 14. The conpound of claim 13, wherein Z is CH2.
15. The conpound of claim 14, whererR2R3 is 4-phenylbutyl and R4 is

1, 1-di net hyl propyl. 16. The conpound of claim 14, which is selected from

t he group consisting of:

2- ({ 128xo0- ‘ﬁh@ﬁl@é“rﬁ'labeﬁl@é}’écrﬂﬁc(s% Wk@@?g}! 'wﬂ%&[ﬂhgéeﬁ,sgp@%gﬂperi di ne;

2- ({1-0x enyl } - hexyl) (129) tyl) pi peridine;
3, 3- D{‘l'ﬁeftw 1-[ 2- (5- phenyl pent anoyl ) pi peri di no] - 1, 2- pent anedi one; and
pharnmgGeotically acceptable salts, esters, or solvates thereof. 17. The
conpound of claim 16 which is ,
2-({1- oxo- 6- phenyl } - hexyl ) (2S) - 1- (3, 3-di net hyl -1, 2- di oxopent yl ) pi peri di ne
or a phar mpeevtdr SRS Foni I t here 18. The
conmpound of c;lbtgu ﬁ]ﬁ!l:ém{/\(ﬁgrel d%moﬁo?ahﬁg 2%?1&(5%5? '?'?F'é.gﬂl%’%?’f%re\d-?«;'ﬁg(ﬁl&nd of
claim 18, wherein Zis CH2. 20. The conpound of claim 18, wherein Z is

CHRL. 221. KR
2- ({I -imeﬁ])ﬂ? o p%ﬁtgﬁ%ﬂr‘%&m% Jbﬁﬂaeﬂr’;}@%tf Equefﬁm E{, t533 gyndylpropyl and Ry is 1,1-

26. The pharmaceutical composition of claim 24, wherein Rz is 2-phenylethyl, and R; is tert-
butyl.

27.  The pharmaceutical composmon of claim 24, wherein R; is 3- (4-hydroxyphenyl)propyf
and Ry is 1 ‘l-dlmethylpropyl '

28.  The pharmaceutical composition of claim 24, wherein said compound is selected frbm o
the group consisting of:
(23)-3,3~-dimethyl-1 -[2-(5-phenylpentanoyl)pyrrolidinyljpentane-1,2-dione;
(28)-3,3-dimethyl-1-[2-(5-(3-pyridyl)pyrrolidinyljpentane-1 ,2-dione;
(28)-2-({1-ox0-5-phenyi}pentyi-1 ~(3,3-dimethyl-1,2-dioxobutyl)pyrrolidine:;
(235)-3,3-dimethyl-1 ~[2-(5-(4-hydroxyphenyl)pentanoyl)pyrrolidiny!]pentane-1 ,2-dione;
(25)-2-({1-Oxo-5-phenyl}pentyl-1-(2-Cyclohexyl-1 2-dioxoethyl)pyrrolidine;
2-(1-Oxo-4-phenyl)-butyl-1-(3,3-dimethyl-1 ,2-dioxobutyl)pyrrolidine;
(28)-2-[5,5~di_(4—FIuorophenyl)pentanoy[}-1 -(3,3 dimethyl-1 .2-pentanedione)pyrrolidine; and

~ pharmaceutically acceptable salts, esters, or solvates thereof.
29. The pharmaceutical composition of claim 28 wherein said compound is (28)-3,3-
dimethyl-1-[2-(5-(3-pyridyl)pyrrolidinyfjpentane-1 ,2-dione, or a pharmaceutically acceptable salt
ester, or solvate thereof.

T

30.  The pharmaceutical composition of claim 28 wherein said compound is 2-(1-Oxo-4-




di et hyl - 1, 2- di oxobut yl ) pi pér idine. 22. A pharnmaceutical conposition
conprising: (i) an effective anount of the conmpound of claiml; and (i)
pharmaceutically acceptable carrier. 14 April 2005 -52, 23. The

pharmaceutical conposition of claim?22, wherein, in said corrpound nis 1,
and XisO 24. The pharmaceutical conposition of claim 23, A&Igb sin said .

Z? wherein
R3 is 3-pyridylpropyl and R4 is 1,1- dinethylpropyl. 26. The pharnaceuti cal

conpound, Z is CH2. 25. The pharnmaceutical conposition of claim

conposi tion of claim 24, wherein R3 is 2-phenylethyl, and R4 is tert-
butyl. 27. The pharnmaceuti cal corrposﬁ@mn of claim 24 wherein R3 is

3-(4- hydr en pr opy and R4 is 1, 1-dinethyl propyl 28. The
phar r’rﬁ%ﬂm%q‘ cér%@fmeﬁhybﬂ 2ofioxabyiyhperlidineeped pharaiadevtmafip acptablssdiect ed

from estBe ogEGRteREIEHSt i Ng of : (2S) -3, 3-di net hyl - |
-[ 2- (5- phenyl pent anoyl ) pyrrol i di nyl | pent ane- 1, 2-di one;
(2S)-3,3-dinmethyl -1-[2-(5-(3-pyridyl)pyrrolidinyl]pentane-|, 2-dione;

29) - 31 { LTRx phimreloeitill 86iRosiioh of et 95 WHERYA sdia oRhociRb gt yb)gyr rol i di ne;

2
[2 2) (é“te 35%‘65%H@WWBEMIMBWWWrrohdlrcwnymt]apent2aduena,,dfad| one;

(
(

S céN eos%r}t yl -1, 2- di oxoet hyl rrolidine;
(2 ()1 geg{né phgﬁﬁﬁgﬁdgl} é!ét%r gll(%.%%g&h%?&g di oxobut yl )pyr?/ol) %l ne;

(2S)-2-[5,5-di (4-Fl uorophenyl )pentanoyl ]-1-(3,3

di rretm/l - 1Tie h@a@lmcgn&;nw [igh al Ly acceptabl e
salts ter sﬂ%gr sol vates 't F?e'r egﬁb@@bzﬂﬂmr&ﬁgﬁ %ce hpé?a{‘d ‘conposi tion of
cl ai n‘:'fS "RASr ei n sai d conmpound is (29)-3, 3-
di retRyd sl -[2-(5-(3-pyridyl)pyrrolidinyl]pentane-1, 2-dione, or a
pharmaceutically acceptable salt,

33. The pharmaceutical composition of claim 32, wherein, in said compound, Z is CH..

34.  The pharmaceutical compos:tlon of claim 22, wherem in said compound:
nis 2; and

Xis Q.

35.  The pharmaceutical composition of claim 34, wherein, in said compound, Z is CH,.

36. The pharmaceutical composition of claim 35, wherein R; is 4-phenylbutyl and R, is 1,1-
dimethylpropyl. '

37. The pharmaceutical composition of claim 35, wherein said compound is selected from -
the group consisting of: '

2-({1-Oxo-6-phenyl}-hexyi-1 -(2-Cyclohexyl-1 ,2-dioxoethyl)piperidine:
2-({1-oxo-6-phenyl}-hexyl)(2S)-1 ~(3,3-dimethyl-1,2-dioxopentylpiperidine;
.3,3'-Dimethyl-1-[2—(5-phenylpentanoyl)piperidino]-1,2—pentanedione; and -

pharmaceutically acceptable salts, esters, or solvates thereof.

38.  The pharmaceutical composition of claim 37 wherein said compound is 2-({1-oxo-6-
phenyl}-hexyl)(2S)-1-(3,3-dimethyl-1 .2-dioxopentyl)piperidine.

39.  The pharmaceutical compos:t:on of claim 22, wherem in said compound:
nis 2; and




ester, or solvate thereof. 30. The pharnaceutical conposition of claim28
wherein said conpound is 2-(1-Oxo-4 14 April 2005 - 53

phenyl ) -butyl -1-(3, 3-di met hyl -1, 2-di oxobutyl ) pyrrolidine, or a
pharmaceutically acceptable salt, ester, or solvate thereof. 31. The
pharmaceutical conposition of claim28 wherein said conpowq&éﬁ“&§§)-3,3- :
di met hyl - 1-[ 2- ( 5- (4- hydr oxyphenyl ) pent anoyl ) pyrrol i di nyl ] pentdne-1, 2-di one,
or a pharmaceutically acceptable salt, ester, or solvate thereof. 32. The
pharmaceutical conposition of claim?22, wherein, in said conmpound: n is 1;
and X is S. 33. The pharmaceutical conposition of claim32, wherein, in
said compound, Z is CH2. 34. The pharfueeceuti cal conposition of claim22,
wherein, in said conpound: n is 2; and XisO 35. The pharnmaceuti cal
compai®iSon of claim34, wherein, in said compound, Z is CH2. 36. The

phar naceuti cal conposition of claim 35, wherein R3 is 4-phenyl butyl and R4
is 1,1- dinethyl propyl. 37. The pharmaceutical conposition of claim 35,
wher eft®- sai thecrimpmacebticsl comipesitierd of clgim 39, Megin WP sSQBSIpbIRY 26 CH,.

2- ({! - Oxo- 6- phenyl }-hexyl -1 -(2-Cycl ohexyl -1, 2-di oxoet hyl ) pi peri dine;
'2-({1- oxo- 6- phenyl } - hexyl ) (2S) - 1- (3, 3-di net hyl - 1, 2- di oxopent yl ) pi peri di ne;
3, 3- Difret hhe phppndcBulidaboyhypmsitioarasylaimBpewheatemoh-shiohqaned iO0aR, and -
pharmaceutically acceptable salts, esters, or solvates thereof. 38. The
pharmaceuti cal conposition of claim 37 wherein said conpound is

2- ({ 19%x0- Ebe phemyichutinakgdr@Bpn bf CQin33d) wiiréii sakd, confHoaka REAH !-dﬁi-[@ﬁ%i di ne.
39.  TheerBgRaSHEhRbuG RS Wb ARy 2. Gl 3 iR ipenioL ! M 11 sal d compound:

43. ) Use of a compound as defined in claim 1 for preparing a medicament for
effecting a neuronal activity in an animal.

44, The use of a_cqmpound of claim 43, wherein the neuronal activity is selected
from the group consisting of stimulation of damaged neurons, promotion of neuronal
regeneration, prevention of neurodegeneration and of neurological disorder.

45. The use of a compound of claim 44, wherein the neurological disorder is selected
from the group qonsisting of peripheral neuropathy caused by physical injury or disease -
st_ate, tra_x\umatfc injury to the brain, physical damage to the spinal cord, stroke associated
with brain damage, and neurological disorder refating to neurodegeneration.

46. The use _of a compound of claim 45, wherein the neurological disorder relating to
neurgdegenera:tlon is selected from the group consisting of Alzheimer's Disease,
Huntington’s Disease, Parkinson's Disease, and amyotrophic lateral sclerosis.

47, The use of a compound of claim 43, wherein, in said compound:
nis 1; and -
Xis O.

"~ 48. The use of a compound of claim 47, wherein, in said com.pound, Zis CH..



nis2;and 14 April 2005 -54 XisS. 40. The pharnaceutical conposition of
claim39, wherein, in said conpound, Z is CH2. 41. The pharnaceuti cal
conposition of claim 39, wherein, in said conpound, Z is CHRL. 42. The
pharmaceutical conposition of claim 34, wherein said conpound is
2-({1-Oxo-[2-(2" - . April 2005

phenyl }ethyl ] - 4-phenyl }-butyl-1-(3, 3-di methyl -1, 2-di oxobuty 4) p?rperl di ne.
43. Use of a conpound as defined in claim1 for preparing a nedi canent for
effecting a neuronal activity in an imal . 44. The use of a conpound of
claim 43, wherein the neuronal activi'ty is selected fromthe group

con ti i d ne n not i on of ronal
regzdr(i;:ra?}léh oérzuseséfeave%ﬁgﬁgofélﬁ'eu%& éﬁ'ggf %HY'EW rB'Py'ﬁBEI%?}I‘% cal disorder.
45. dimethyipeopyt. a conpound of claim44, wherein the neurol ogical disorder is
selected, fromthe group consisting of peripheral neuropathy caused by
physical injury or disease state, traumatic injury to the brain, physical
damdifle t olhenesesyfiarampoond of cltinod®; vetesein iR tseZlphavyldthfl S RPRBESUtyRNd

neurol ogi cal disorder relating to neurodegeneration. 46. The use of a
conpound of claim45, wherein the neurol ogical disorder relating to

- neurddegelter uge @ compsend ot aainf 48) widnein mxp(mmtﬁoﬁphagy;}pfrop@h ZRERDRr ' S

Di S €2 Qim etW@IOE?gton s Di sease, Parkinson's D sease, and amnyotrophic

| at erf al 47. The use of a conpound of claim43, wherein, in said

compound: n is 1; and XisO. 48. The use of a corrpound of claim 47
\(I:mo(ranr)ound I-F’ uiﬁ%al m%ggBSHV\ﬁg?fe% }W&?'%WAEGWB? i Sgﬁﬂé%ﬁqw?hfugiig”pm :
di meehsislingogsy| .
(28)-3,3-dimethyl-1-{2-(5-phenylpentanoyl)pyrrolidinyllpentane-1 .2-dione;
(25)-3,3-dimethyl-1-[2-(5-(3-pyridy!)pyrrolidinyllpentane-1,2-dione;
(238)-2-({1-oxo-5-phenylpentyi-1-(3,3-di methyl-1,2-dioxobutyl)pyrrolidine;
(25)-3,3-dimethyl-1 -[2-(5-(4-hydroxyphenyl)pentanoyl)pyrrolidinyljpentane-1,2-dione;
(28)-2-({n -Oxo-55phenyl}pentyl-1 -(2-Cyclohexyi-1,2-dioxoethyl)pyrrolidine:;
2-(1-Oxo-4-phenyl)-butyl-1-(3,3-dimethyl-1 ,2-dioxobutyl)pyrrolidine;
(2S)-2-[5,5-di(4-Fiuorophenyl)pentanoyl]-1(3,3 dimethyl-1 .2-pentanedione)pyrrolidine; and =
pharmaceutically acceptabie salts, esters, or solvates thereof.

- 93. -~ The use of a compound of claim 52 wherein said compound is (25)-3,3-dimethyl- 1-{2—(5-
(3-pyridyl)pyrrolidinyllpentane-1,2-dione, or a pharmaceutically acceptable salt, ester or soivate
thereof.

54.  The use of a compound of clairh_ 52 wherein said compound is 2-(1-Oxo-4-phenyl)butyl-
1-(3,3-dimethyl-1,2-dioxobutyl)pyrrolidine, or a pharmaceutically accepiable salt, ester, or
solvate thereof.

95.  The use of a compound of claim 52 wherein said compound 2S-3,3-dimethyl-1-[2-(5-(4-
hydroxyphenyl)pentanoyl)pyrrolidinyllpentane-1,2-dione, or a pharmaceutically acceptable salt,
ester, or solvate thereof.

~56.  The use of a compound of claim 43, wherein, in said compound:
nis 1; and '
X is 5-




50. The use of a conpound of claim48, wherein R3 is 2-phenylethyl, and R4
is tert-butyl. 51. The use of a conpound of claim48, wherein R3 is
3-(4-hydroxyphenyl)propyl and R4 is 1,1-dinmethylpropyl. 52. The use of a
conpound of claim 48, wherein said conpound is selected fromthe group
consi sting of: 14 Aprit 2005

(2S) -3, 3-di met hyl - 1-[ 2- (5- phenyl pent anoyl ) pyrrol i di nyl ] pent anePEL 3 di one;
(2S)-3,3-dinmethyl -1-[2-(5-(3-pyridyl)pyrrolid inyl]pentane-1, 2-di one;
(2S)-2-({1- oxo-5-phenyl } pentyl - 1- (3, 35¢li met hyl - 1, 2- di oxobut yl') pyrrolidi ne;
(2S) -3, 3-di net hyl - |

-[2-(5-(4- hydroxyphenyl)pentanoyl)pyrrolidinyI]pentane |, 2-di one;

(2S) - 2- ({1 Oxo0- 5- phenyl } penty gZ Cycl ohexyl - 1, 2-di oxoet hyl ) pyrrolidine;
2- (1- ko- 4TPmusR/P ammrgnun@ qfslasna Mﬁf?lhrm824dj¢mmﬂundyl)s@ﬂg ol i di ne;
(2S)-2- [5 5- di (4- Fl uor ophenyl ) pent anoyl ]1-1(3, 3

di nmet h | -1, 2- pent anedi one) pyrrolidine; and pharmaceutically acceptable
sal t s98-est Eheusepl aenmpaueg of pleine 48, wisgeinTinsaissempfouad:conpound of cl ai m 52
wherehn-,§%|ng conmpound is (25)-3,3-dinethyl-1-[2-(5-

(3- pyr| dyl ) pyrrolidinyl]pentane-1, 2-di one, or a pharmaceutically acceptable
salt,Xés¥er, or solvate thereof. 54. The use of a conpound of claim 52
wher ei n sai d conmpound is 2-(1-Oxo-4-phenyl)butyl -

1- (3, 3-dinmethyl -1, 2-di oxobutyl )pyrrolidine, or a pharnmaceutically
accep?hbl el iige ofasgasmpoupg of glginy &8.avhenein dofsaids®mpohied, isie GH,. a conpound of
claim52 wherein said conpound 2S- 3, 3-di net hyl - 1-[ 2- (5- (4-

hydr n%éphenyl )pent anoyl ) pyrrolidinyl]pentane-1, 2-di one, or a
phar réteut T &/Of FABHONBT of elaim 59, Whisrein Rs iy 4-pbémdtiutyl the Reaf 1,156. The use

of adig,@p%ﬁg)wf claim 43, wherein, in said conpound: nis 1; and X is S
14 April 56 57. The use of a conpound of claim 56, V\/nerel n, in said

conpound, Z is CH2.
61. The use of a compound of claim 59, wherein said compound is selected from the group
consisting of;
2-({1-Oxo-6-phenyi}-hexyl-1-(2-Cyclohexyl-1 ,2-dioxoethyl)piperidine;
2-({1-ox0-6-phenyf}-hexyl)(25)-1-(3,3-dimethyl-1,2-dioxopentyl)piperidine:;
3,3-Dimethyl-1-[2-(5-phenylpentanoyl)piperidina]-1,2-pentanedione; and
pharmaceutically acceptable salts, esters, or solvates thereof.

62. The use of a compound of ;:Iaim 61, wherein said compound is 2-({1-oxo-6-phenyl}-
hexyl)(25)-1~(3,3-dimethyl-1,2-dioxopentyl)piperidine.

63. The use of a compound of claim 43, wherein, in said compound:

nis 2; and

Xis 8.

64. The use of a compound of claim 63, wherein, in said compound, Z is CH..

65.  Theuseofa compound of claim 63, wherein in said compound, Z ié-CHR1. '

66. The use of a compound of claim 58, wherein said compound is 2-({1-Oxo-[2-{2"-
phenyl}ethyl}-4-phenyl}-butyl-1-(3,3-dimethyl-1 ,2-dioxobutyl)piperidine.

67.  The compound of claim 1 wherein Ar is selected from the group comprising phenyl,



58. The use of a compound of claim43, wherein, in said conpound: n is 2;

and Xi sO 59. The use of a conpound of claimb58, wherein, in said conpound,

Zis CH2. 60. The use of a compound of claim59, wherein R3 is

4-phenyl butyl and R4 is 1,1- dinmethylpropyl. 61. The use of a conpound of
claim59, wherein said corrpound Is selected fromthe group 1ER0%8 O'BBI ng of:
2- ({1- Oxo- 6- phenyl } - hexyl -1 - (2- Cycl ohexyl - 1, 2- di oxoet hyl ) pi peri di ne;

2- ({ 1- oxo- 6- phenyl } - hexyl ) (2S) - 1- (3, 3-di net hyl - 1, 2- di oxopentyl ) pi peri di ne;
3,3-Dimethyl -1 -[2-(5-phenyl pentanoylgzpi peridi no] -1, 2- pent anedi one; and

pharmaceutically acceptable salts, esters, or sol vat es thereof. 62. The use

of 2 6aEpOATue), ﬁb&iyﬂna%lenWo‘?élf}()i( OsﬁléﬁrtaEﬁW%ﬂa | Soidddii 8P Phenyl] -

hexyl @1@;3 3-di pi peri use of a
co rrpo%ﬁ&@ QQW%B'OPWIM dndazolyly bgazlmlldﬁzniﬂb bﬂmkthiamlylsteﬂahmrdfumrws 64.

The Lt%@al%fdr@py%’rmp%ﬂ%l Oﬂyrﬁty@'pﬂrg@nmrﬁlngl kﬂg@ﬁ%p ggﬁr@?ﬂ)ﬁ’ droh % Is CH2. 65.

The use of a’'co of cl
The ﬁéﬂ%ﬂylalsew@wutqswah&qiraqwn@myl Wimoizinyl Saivil thiophpoyh éidazolyl, oxazolyl,

gh((a ‘E\ ;bta@é%dﬁgiy{ it_uazcgﬂylsothlazolyl |s?x?z§ylyé, I%Otl‘la%ml Ode*QZ%fy'c);{'ggoiy' t}!%d%zeo ¥di ne.
‘Iﬂ’Y} ddag dEMﬁ’dS‘“@Jlf‘WCIP!&ﬁm)d tipzing) trithlanyl, sndoliziayt mdaioiyjmyrdmmgylpup
COWrdﬁéﬁﬂdlﬁhe&lﬁkmlyllﬂmdﬁ%h IQtQ@ﬁyl é?rahﬁd?ﬁ%{;qmtﬁ@ﬁ@} Fﬁﬁb?hnw gﬁﬁ% (ﬁzE&Fu' enyl,

fluorenyl, anthracenyl, i soin anyl ,
benz oqwnaéﬁmmuquam& @Iapmthyf!%ﬁm pierddimd) garbazolyh actidiay ophdnazinyl,

t et rgmé bl i ¥he phg,%xlég,hyldropyranyl , pyridyl, pyrrolyl, pyrrolidinyl,
pyridin pyrimdinyl, Inyl, pyrrolinyl, quinolinyl, isoquinolinyl,
tet rahydr qu| nol i nyl, quinolizinyl, furyl, thiophenyl, imdazolyl,

oxaza@gy! . The compound of claim 3, which is selected from the group consisting of:
(25)-2-({1-oxo-4-phenyl}butyl-1-(3,3-dimethyl-1 ,2-dioxopentyl)pyrrolidine;
(25)-2-({1-0x0-6-(3-pyridyl)hexyl-1 -(3,3-dimethy}-1,2-dioxopenty!)pyrrolidine; and
3,3 dimethyl-1 -[(28)-2-(5-(3-pyridyl)pentanoyl)-1-pyrrolidine]-1,2-pentanedione.

69. A compound comprising (28)-2 -({1-ox0-4-phenyl}butyl-1-(3,3-dimethyl-1,2-
dioxopentyl)pyrrolidine.

70. A compound comprising (28)-2-({1-ox0-6-(3-pyridyl)hexyl-1-(3,3-dimethyl-1,2-
dioxopentyl)pyrrolidine.

~71. A compound comprising 3,3 dimethyl-1-[(2S)-2-(5- -(3-pyridyl)pentanoyl)-1-pyrrolidine}-
1.2-pentanedione.

2. A compound comprising (25)-2-({1-oxo-4-phenyl}butyl-1-(3,3 dimethyi-1,2-
~ dioxobutyhpyrrolidine.

73. A compound comprising (28)-3,3-dimethyl-1-[2-(5-(4~
hydroxyphenyl)pentanoyl)pyrrolidinylJpentane-1,2-dione. .

74.  The pharmaceutical composition of claim 24, wherein said compound is selected from
the group consisting of:

(28)-2-({1-oxo-4-phenyl}butyl-1-(3,3-dimethyl-1,2-d ioxopentyl)pyrrolidine;

Plis CHRL. 66.




benzoxazol yl, thiazolyl, isbthiazofyl, i soxazol yl, isotriazolyl,
oxadi azolyl, triazolyl, thiadiazolyl, pyridazinyl, pyrimdinyl, pyrazinyl,
triazinyl, trithianyl, indolizinyl, pyrazolyl, pyrazolinyl, pyrazolidinyl,

di oxolyl, imdazolinyl, thienyl, tetrahydroisoquinolinyl, cinnolinyl
pht hal azi nyl,; qui nazolinyl, quinoxalinyl, naphthyridinyl, pf
carbazolyl, acridinyl, phenazinyl, phenothiazinyl, and pheno a2|nyl

The conpound of claim3, which is selected fromthe group consisting of:
(2S)-2-({1-oxo-4-phenyl }butyl -1-(3, 3-di met hyl - 1, 2- di oxopentyl ) pyrrolidine;
(2S)-2-({1-ox0-6-(3-pyridyl)hexyl-I-13, 3-di net hyl -1, 2-di oxopentyl ) pyrrolidi

ne;ma(t ﬁg%@"ﬁé ) By?"g‘)??‘ywﬂ? AP Laslieserentyhnwidigesnd 1. 2- pent anedi one
63,3 Alnaﬂjhxjduﬁ(]&)eb@@mmdg)pentanoyl) 1-pyrrolidine}-1,2-pentanedione.

-28 0X0- 4 ut yl 3, 3-di_net hyl -1, 2- di oxopentyl rrolidine.
(7 0. )7A52 C((JET%I&% e 8f éﬁ)% of¥:la|m , wherein saldycompound is selec?ed frgm)tﬁg

(ZS)g@up@dnm&mgﬁﬁ(S pyridyl ) hexyl - 1-(3, 3- dlnethyl 1, 2-

o TR - b R RRIRE BT PR e

1 2 (B8 he-4f1echoatréld-pytidlyl e xgioty3) BHtitmetbigiot, Qsildi@pentyl)pyrrohdme and

5953l R b R sty dind )Pl e

hydr oxyphenyl ) pent anoyl ) pyrrol i di nyl | pent ane-1, 2-di one. 74. The

phar maceuti cal conposition of claim 24, mherein said conpound is selected
from the group consisting of:
(2S)-2-({1-oxo-4-phenyl }butyl-I-(3,3-di net hyl -1, 2- di oxopentyl ) pyrrolidine;
14 April 2005 -58
(2S)-2-({1-o0x0-6-(3-pyridyl)hexyl-1-(3,3-dinethyl-1, 2-di oxopentyl)pyrrolidi
ne; and 3,3 :

di methyl -1-[(2S)-2-(5-(3-pyridyl)pentanoyl)-1-pyrrolidine]-1,2-pentanedi one
. 75. The use of a conpound of claim48, wherein said conpound is sel ected
fromthe group consisting of.




(2S)-2-({1-oxo-4-phenyl }butyl-1-(3,3-di methyl -1, 2-di oxopentyl)pyrrolidine;

(2S) - 2 ({%@;913@33(3 pyridyl) hexyl -1-(3, 3-di net hyI 1, 2- di oxueayiseh/igays r ol i di

ne;

dlnethyl 1-[(2S)-2-(5-(3-pyridyl)pentanoyl)-1- pyrrolldlne] 1, 2- pent anedi one
WO 98/ 13343 PCT/ US97/ 15832 59 14 April 2005 3-(2- Napht-hyl )«P)i Pé’olos

(2S)-1-(3, 3-di net hyl -2- oxopent anoyl ) - 2- pyrrolldlnecarbothloat

3-(3- Chlorophenyl)propyl (2S)-1-(3, 3-di net hyl -

oxopent anoyl ) - 2- py+ Dk Neiphegay bpbhiceate; 5(25 -1-(3,3-dimethyl-2-

3-(3- (Tr|fIuoronethyl)phgnyl)pro%yF@?ES)-l-(S,g yi-2

di met hyl - 2- oxepepéaraybdyt 2- pyprotbli Aeaachebbirgdbere ;3- ( 1- Bi phenyl ) pr opyl

(2S)-1-(3, 3-di net hyl - 2- oxopent anoyl ) - 2- pyrrol i di necar bot hi oat e;

3- (2- Fl uor opheny I3){reHl dtphehn 13, Sesby®et hyl -(25401- (3,3~-dimethyl-2-

oxopent anoyl ) - 2- pyrrol i di necar bot hi dbate; 3-(3-Fl uor ophenyl ) pr opyl

(295) - 1- (3, 3- doxnmpdnyt aRopkbprvanoyl jd2npyerbbtiliinatar;bot hi oat e;

3-(2-Chl or ophenyl ) propyl (28)-1-(3,3-di nethyl-2-

oxopent@anoyl ) - 2- pyriBel (TdiirddcertumtatifToal gy hemgl 1§ropyl (28)-1-(3,3-

3-1( 3, 4- Di net hoxyphenyl ) propyl (2S)-1-(3, 3-di net hyl -

oxopent anoy| )dLmgsshry bt 2 dbrepenbardy dat 8- PYSrDThdlphaﬁwboébuD@ab ;conmposi tion

of claim 20, wherein, in said compound: 20 nis 1; and X is S. 27. The

phar maceut i cal cérrp@s1$ﬂ-§he’rbfl kpapmpy26, whéRé&lml 1 h3 sdrdimmpoyhd2-Z is .

CH. .
oxopentanoyl) -2- pyrrolldﬂnecarbothloate,

3-(2-Elu0rophenyl)propyl _ (25)-1-(3,3-dimethyl-2-
10 oxopentanoyl) -2-pyrrolidinecarbothiocate;
- {3-Fluorophenyl) propyl (25)91—(3,3-dimethyl-2-

oxopentanoyl)-2—pyrrolidinecarbothioate;
3-(2-Chlorophenyl) propyl - (28)-1-(3,3-dimethyl-2-

oxopentanoyl)-2-pyrrolidinecarbothioate; and

15 - (3,4-Dimechoxyphenyl)propyl (25)-1-(3,3-dimethyl-2-
oxomenhanoyl)—7 -pyrrcilidinecarbothioate.

26. The pharmaceutical composition of claim 20,

wherein, in said compound:

20 n is 1; and
X is 8.
27. The pharmaceutical composition "of claim 26,

wherein, in said compound, Z is CH,.

25



25 WO 98/ 13343 PCT/ US97/ 15832 60 14 April 2005 28. The pharnmaceutica
conpositign of 26, wherein, in said conpound, Zis S. 29. The '
phar naceuﬁ%%ﬁﬂsé@nposi tion of claim20, 5 wherein, in sai (‘]’(‘?EH’FBBW&Z. nis
2; and X is 0. 30. The pharnmaceutical conposition of claim?29, 10 wherein,
in said conpound, Zis CH2. 31. The pharmaceutical conpositjon .of, glain130,
wherein said conpound is selected fromthg group consisting SLeoq
2- ({1- Oxo- 6- phenyl } - hexyl -1 - (3, 3-di net hyl -1, 2- di oxobutyl) pi peridi ne; and
3, 3- Di net hyl - 1- [ 24 4- phieayppephaneyt} phpetdiidlithich Perianadieang, - 20
32. The pharmaceutical conposition of claim29, wherein, in said conpound,
Zis S. 33. The phdénecmpbi:ndl, @onposi.tion of claim 32, wherein said.
-conpound is selected fromthe group 25 consisting of: WD 98/ 13343
PCT/ US97/ 15832 61 2-Phenyl -1-ethyl (2S)-1-(3,3-dinmethyl-1,2-
di oxjopentyl ) - 2-pyrrol i di necar bot hi oat e; o

I S 209, The pharmaceutical composition of claim 20,

5 ‘wherein, in said compound:

n is 2; and

X is O.
30. The pharmaceutical composition of claim 29,
10 wheresin, 1in said compound, 2 is CH,.
- 31. The pharmaceutical composition of claim 30,

wherein saild compound is selected from the group
consisting of:
15 2-({l-Oxo—G-phenyl}—hexyl—l—(3,3—dimethyl—i}2:[
dioxobutyl)piperidine; and
3,3-Dimethyl-1-[2-{4-phenylpentanoyl)piperidinoc] -1, 2-

pentanedione.

20 - 32. The pharmaceutical composition of claim 29,

wherein, in said compound, Z is S.

33. The pharmaceutical composition of claim 32,

wherein said compound is selected from the group

25 consisting of:



2- Phenyl - | -ethyl 1-(2-phenyl -1, 2-di'oxoet hyl )-2- pi peridi necarbothioate; 5

3-Phenyl -1 -propyl 1-(3, 3-di net hyl - 1, 2-di oxobutyl ) - 2-
piperidinéﬁgpﬁ£¥ﬁ?oate; 4- Phenyl - | -butyl 1- (1, 2-di oxo- 3, 3- GRSy EREt y1 )
-2- piperidinecarbothioate; 1,5-D phenyl-3-pentyl 1-(3,3-dinethyl-1,2- 10
di oxopentyl ) - 2-pi peri di necar bot hi oate; = %, 5- Di phenyl - 3- ner CAPL APRAL yl
1-(3-phenyl -1, 2 di oxoethyl)-2-pi peri di negar bot hi oat e; ? ,

3- (paxa- Met hoxyphenyl ) - 1- propyl 1-(1, 2-di 0xo0- 3, 3-

di et hyl aent yl ) pi Qr'}gé 2-carbet.hy oat e; ot Yy _ X
3- (paxa- Met hoxyphgn;ﬂ f|:1'§E)Lr olpy%g%%- pheglg/%?l,:‘z- (3,3-dimethyl-1,2-

di oxoechyl ) pi 3@%£§E§F§H9Q5Q 'fgﬁfﬁi%égéféggggﬁ%% )-1-propy|

1- (3, 3-di net hy xopentyl") pi peri | oat e;

2, 2- Di phenyl et hyl 5 (38L711(3, 38yt hyl 1 215 20nanvl -1, 2-di 3} -2-
oxopgent anoyl ) - 2- p‘l? per %8i%rnecar bOtl}r]ljieoat e, g é—guegﬁenyl'pr oﬁ)ﬂXOEthyl) z

1- (3, g- di met hyli+2~GxapRIN-aMR i &t LI peri di necar bot hi oat e;
3- (2-Napht hyl ypropyl (2R S)-1-(3, 3-di net hyl - 2-

oxopent gnoy' _) - 2- pL peEhGL Dﬁcﬁfgﬁgmiloﬁ(tﬁa-c?ﬁné‘tkﬁgﬁ-‘w,! D Ybxobutyl) -2-
1-{ 3, 3-di et hyl - 2- oxopent anoyl )-2- pi peri di necarbot hioate; Y 98/ 13343
PCT/ US97/ 15832162 r14 i ARidalr bdR0S cat e ; |
4-Phenyl-1-butyl 1-(1,2-dioxo-3,3-dimethylbutyl} -2-
piperidinecarbothioate;
.1,5-Diphenyl—3—pentyl 1—(3,3-diﬁethyl—1,2-
10 dioxopentyl) -2-piperidinecarbothiocate;
1l,5-Diphenyl-3-mercaptopentyl 1-(3-phenyl-1,2-
dioxoethyl) -2-piperidinecarbothioate;
3- (para-Methokyphenyl) -1-propyl 1-(1,2-dioxo-3,3-
dimethylpentyl)piperidine-2-carbothicate; o
15 3~ {para-Methoxyphenyl) -1i-propyl 1-(2-phenyl-1,2-
dioxoechyl)piperidine-Z—carbothioate;
3-(i-Naphthyl)-1l-propyl 1-(3,3-dimethyl-1,2-
dioxopentyl)piperidine-2-carbothiocate;
2,2-Diphenylethyl (25)-1-(;,3—dimethyl—2—
20 _oxopentanoyl)-2-piperidinecarbothioate;
3,3—Diphenylpropyl 1F(3,3-dimethyl~2-oxopentanoyl)—2—
pipéridinecarbothioate;
3-(2-Naphthyl)propyl (2R, 8) -1-(3,3-dimethyl-2-
oxopentanoyl) -2-piperidinecarbothiocate;
25 4-Phenylbutyl 15(3,3-dimethyl-2-oxopentanoyl)-2-

piperidinecarbothiocate;




3- Phenyl propyl 1-(3, 3-di net hyl - 2- oXopent anoyl ) - 2- pi peridinecarbot hi oat e;

3-(2-Chloro
oxopent an

he%é propyl 1-(3,37dinethyl -

peri di necar bot hi oat e; 3 ( 2- Fl uor opheny| )BT yRpT/15832

1- (3, 3-di net hyl -2 oxopent anoyl ) - 2- pi peri d| necar bot hi oat e; and

3- (3- Fl uorophenyl ) propyl 1-(3, 3-di net hyl -

April 2005

oxopent anoyl ) - 2-pi peri di necar bot hi oat e. g;Q 34. The phar rraceu'il ca
conposi tion of claim20, wherein, in said conpound: nis 2; and Xis S.

15 35. The phar rrayephEﬁ?l E@ﬁEQSI {1300 DF3 G4 BhR 137 - 2 YRS Sk e 2 b By BRI 6

compound, Z is CH:.

sai d conpoundplgetcs,dsne&raath‘ﬁmt@}ar maceut i cal

wherein, in said compound, Z is CHR . 38. The pharnaceutical conposition of
25 whes ei(2 —Scahljoﬁ@mmg}ll ?&l 0(01[.2(-:{23._@1%15{-_}1%{1“)/&).

4- phenyl} butyl-1-(3,3-dinmethyl-1,2" V\098

cl ai m 37,

armaceut i cal conposi tion of 34, er ern,

13343 PCT/ US97/ 15832

2005 §3 di OXObepb)lplaFl@M1dl—ﬂepl@ﬁrﬁlﬂﬁd'Wbdﬁlﬁﬁ@Ct| ng a neuronal
activity in an anlnal conpri si ng:

5 .

10

20

25

~-{2- Fluorophenyl)propyl 1-(3,3-dimethyl-2-
oxopentanoyl) -2-piperidinecarbothiocate; and
3-(3-Fluorophenyl)propyl 1-(3,3-dimethyl-2-

oxopentanoyl) -2-piperidinecarbothiocate.

34. The pharmaceutical compositicn of claim 20,
wherein, in salid compound:
n is 2; and

X is 8.

3E. The pharmaceutical composition of claim 34,

wherein, in said compound, Z is CH,.

36. The pharmaceutical composition of 34, wherein,

in said compound, Z is S.

37. The pharmaceutical composition of claim 34,

wherein, in said compound, Z is CHR,.

38. The pharmaceutical composition of c¢laim 37,
wherein said compound is 2- ({1-Oxc-[{2-{2’'-phenyl}ethyl]-

J

4 -phenyil}l-butyl-21-(3,3-dimethyl-1,2-

Apri |

in

conposition of claim 34,



5 adninistering to the aninal an effective amount of the conpound of claim
1. 40. The nethod of claim 39, wherein the neuronal activity is_selected
fromthe éY a% éﬁh3|st|ng of 10 stimul ati on of danmaged neuﬁﬁ@? %ﬁ%tlon
of neuronal regeneration, prevention of neurodegeneration and treatnent
of neurological disorder. 41. The nethod of claim 40, whereip H£
neurol-ogi cal 15 discrder is selected fromthe group conS|st| g o

peripheral neuropathy caused by physical éBnjury or di sease state,
traumatic injury to the brain, physical damage to the spinal cord, stroke
associ at ed mn@HOBngﬁyldéﬁﬂ$¥ neurol ogi cal disorder-relating to 20
neur odegeneration. 42. The nethod of claim4l, wherein the neurol ogical

di sorder relating to neurodegeneration is selected from the group

consi sting of Al r's se, Parkinson's 25 Disease, and anyotrophic
| ateral sclerosis: nﬁb@ﬁf&%ﬁ% pETFESS 7 15932 agunppal 2005vEy @8 .arThe

nethog of cla5n139 wherein, .in said conmpound: nis 1; and X is O i 44.
The net hod of €T &t 43°™RAéFEP9: i n sai d conpound, Z is CH2.
5 administering to the animal an effective amount of

the compound of claim 1.

40. The method of c¢laim 3%, wherein the neuronal

activity 1is selected from the group consisting of

10 stimulation of damaged neurons, promotion of neuronal
- regeneration, prevention of peurodegeneration and'

treatment of neurological disorder.

41. The method of claim 40, wherein the neurologicalMQ
15 discrder _is selected from the group consisting of
peripheral neuropathy caused by physical injury or
disease state, traumatic injury to the brain, physical
damage to the spinal cofd, stroke associated with brain
damage, and neurological. disorder relating to

20 neurodegeneration.

42. The method of claim 41, wherein the neurclogical
disorder relating to neurodegeneration is selected from
the group consisting of Alzheimer’s Disease, Parkinson’s

25 - Disease, and amyotrophic lateral sclerosis.



45. The nethod of claim44, wherein said conpound is 10 selected fromthe
group consisting of: (2S)-2-({1-O0xo-5-phenyl}-pentyl-I-(3,3-dinethyl-1,2
di oxopent yWOREIBM3i di ne; 3, 3-Di net hyl -1 -[(2S)-2-(5-(3-pyri dfFTHERTERY | ) - 1-
pyrrolidine] -1, 2-pentanedi one; 15 o
(2S)-2-({1- Oxo-4-phenyl }-butyl -1-(3,3-di met hyl -1, 2- dicxobugyﬁ%py&kolidine;l
(28)-2-({I-Ck0-4-phenyl}-butyl-I-(2-cyci%HexyI-I,2- di oxcet hyl") pyrrolidi ne;
2-({! - Oxo-4-phenyl }-butyl -1-(3,,3-dinefhyl-1,2- 20
di oxobutyl)pyrrolidine; gand 1-{(29)-2-[5,5-di (4:Fl uorophenyl)pentanoyl]-2-
pyrrolidi ne}-3,'3-é?r‘reth 19, ﬂ%&‘&%n&éi o‘ﬂi‘?‘l‘%? he WRSGHRAL of 181 aSALES,
wherein, in s'a%néﬁﬁﬁpnpound, Zis S. WD 98/13343 PCT/ US97/ 15832 14 April
2005 65 47. e“method of claim 46, wherein said conpound is selected from
t he group consist%n? of: ZyBhenyl-l-ethyl 1- (3,3-dinethyl-1,2-dioxopentyl)
-2- piperidinecarbo ﬁioéte; 5 (3-Thi oi ndol yl ) et hyl ‘
(2S) - -(3,3-dinet?yg-l 2- di oxopentyl)-2-pyrrolidinecarbot hi oat e;
2- Phenyl -1 -ethyl (2 f-?i(Z-cyclohexyl-l,Z
di oxopentyl)-2-pyrrolidinecarbothioate; 2-Phenyl-I-ethyl
(2S)-J.-(1-cycl opentyl -1, 2- '

: 44 . The method of claim 43, wherein, in said

compcuncé, Z is CH,.

45. The method of claim 44, wherein said compound is

10 selected from the group consisting of:

2S)-2-({1—Oxo—5-phenyl}—pentyl-l-(3,3—dimethyl—l,2—'

-

dioxopentyl)pyrrolidine;
3,3-Dimethyl-i—[(25)—2—(5—{3—pyridyl}pentanoyl)—l-

pyrrolidine}-1,2-pentanedione;

LR

{25)-2-({1-0Oxo-4-phenyl}-butyl-i-{3,3-dimethyl-1,2-

[

dioxobutyl)p?rrolidine;
(28)-2-({1-0x0-4-phenyl}-butyl-1- (2-cyclohexyl-1,2-
dioxoethyl)pyrrolidine;
2-({{1-Oxo-4-phenyl)-butyl-1-(3,3-dimethyl-1,2-
20 dioxcbutyl)pyrrolidine; and
| 1-{(25}~2-[S,S;dif4-Fluorophenyl)pentanoyl]-2~
pvrrolidine}-3,3-dimethyl-1,2-pentanedione.
45, The method of claim 43, wherein, in said

25 compound, Z is S.



10 di oxopentyl)-2-pyrrolidi necarbothi oate; 3-Phenyl-I-propyl
(2S)-1-(3, 3-di nethyl -1, 2- di oxopentyl)-2-pyrrolidinecarbothj. X

3- (3-Pyri YPY8ASB opyl  (25)-1-(3, 3-di nethyl -1, 2 P Smsen
di oxopentyl)-2-pyrrolidinecarbothioate; 15 3-Phenyl-I-propyl
(2S)-1-(2-cycl ohexyl -1, 2- dionethyI)-Z-pyrroIidinecarbothiggﬁﬁﬁmm5
4- Phenyl - 1-butyl (2S)-1-(2-cyclohexyl-1, %5

di oxoet hyl ) - 2-pyrrol i di necar bot hi oate; 4-Phenyl -1 -butyl

(29) - 1- (3, 3- di et hyl.- | TBe 2fe thex operd M Im 2@y Wi dalimesddbebhipeabd is

3-(3-Pyridyl)-1-propyl (2S)-1-(2-cyclohexyl-1, 2-

di oxopentyl ) - Zglydtdd df nee arlotdtoad ecods 3sbingeaglk- | - propyl _
(2S)-1-(3,3-dinethyl-1,2- dioxopentyl)-2-pyrrolidinecarbothioate; 25
3, 3-Di phenyl - | - pr apPhefiz3)1tet2yCyct Ohexyldihefhyl~1,2-dioxopentyl) -2~
di oxopentyl )-2-pyrrolidinecarbot hi oate; WO 98/ 13343 PCT/ US97/ 15832 66
April, 2005 3- (oigrea: IvEtrhesarivertyl9atde propyl (25) - 1- (3, 3-di net hyl -

1, 2- di oxopentyl)-2-pyrrolidinecarbot hi oat e;

3, 3- Di (par a- Fl uor ¢ ppAéniyd inidagnobyhe ¢R®Y - 1- (328 -1- (3,3 -dimethyl-1,2-
di nmet hyl -1, 2-di oxopentyl )-2-pyrrolidinecarbothioate;' 5

4, 4-Di (para-f |djmmmrg bRy HIrgBi dinkaerhgrheoate;

oxopent anoyl ) - 2- pyrrol i di necar bot hi pate; 3-(1- Napht hyl ) pr.opyl

(2S) - 1- (3, 3- di net BylEpenglopentadayt ) - 2- pyrtlot L dilfecal 5ot oatéd;- 1, 2 -

dioxopentyl)-2—pyrrolidinecarbothioéte;

2-Phenyl-i-ethyl (28} -1-{(1l-cyclaopentyl-1,2-
10 ioxopentyl) -2-pyrrolidinecarbothioate;
3-Phenyl-l-propyl (28)-1-(3,3-dimethyl-1,2-

dioxopentyl) -2-pyrrolidinecarbothiocate;
3-(3-Pyridyl)-1-propyl (25)-1-(3,3-dimethyl-1,2-

dioxopentyl) -2-pyrrolidinecarbothiocate;

15 3-Phenyl-1l-propyl (28)-1-(2-cyclohexyl-1,2-

dioxoechyl}¥2-pyr;olidinecarbothioate;
4-Phenyl-1-butyl {28} -1-(2-cyclchexyl-1,2-
dioxoethyl) -2-pyrrolidinecarbothioate;
4-Phenyl-1l-butyl (25)-1-(3,3-dimethyl-1,2-
20 __dio#opentyl)-2—pyrrolidinecarbothioagé;
3—{3-Pyridylf—i-propyl (28) -1~ (2-cyclohexyl-1,2~
dioxopentyl)-2-pyrrolidinecarbothioate; .
3,3-Diphenyl-1l-propyl {(28)-1-(3,3-dimethyl-1,2-
dioxcpentyl)-2-pyrrolidinecarbothiocate;
25 3,3-Diphényl—l—propyl (28)-1-(2-Cycliohexyl-1,2-

dioxopentyl) -2-pyrrolidinecarbothiocate;

14




2, 2- Di phenyl et hyl (2S)-1-(3, 3-di nethyl-2- 10
oxopent an hydr o-! H 2- pyrrolecarbothloate
3-[4- (Tr|9M%%$§%%fhyl)phenyl]propyl (29)-1-(3,3

di met hyl - 2- oxopent anoyl ) - 2- pyrrol i di necarbot hi oate; 3-(2- hbphthyl)propyl
(25)-1-(3, 3-di net hyl - 2- oxopent anoyl ) - 2- pyrrolldlnecarbothlfgﬁ mzo&?

3- (3-Chl orophenyl ) propyl (2S)-1-(3, 3-di get hyl - P
oxopentanoyl)-Z-pyrroIidinecarbothioate; _

3-[3-(Trifiuoronet hydrphemHoBrHed 3/1( )23)- 13 (25) -1- (3, 3-dimethyl

di et hyl - 2- oxopent anoyl ) - 2- pyrrol i di necarbot hi oate; - 3 (1 BlphenyY)propyI

(295)-1-(3, 3-4i, @Etdfiblxo%en%? Wm&'&&m@ﬁﬂw@@ar bot hi oat e;
3-(2- FIuorophenyI)propyI 2S) - 1- (3, 3-di net hyl

oxopent anoyl ) - 2- pys kpl i geRracahoi o Pehenyl 31 ¢ Brbloydr opheqws) propy! 3-
(25)r1-(3, 3-di met hyl -2 oxopent anoyl ) - 2- pyrrolldlnecarbothloate 25
3- (2- £hl or opheRghgnopy 2 -6a Skechert 3k Jdi avesytokdinecarbot hicate ; -

PCT/US97/15832

oxopent anoyl ) - 2- pyrrol i di necar bot hi oate; and WD 98/ 13343 PCT/U897/15832 14

April 8005 67 3 (8;8: Dbarthoxupbephkbhplopykyl2S)-1- (3, 3-direthyl-2-
oxopent anoyl ) - 2- pyrrol i di necar bot hi oate. 48. The nmet hod of cl ai m 39,
wherein, in oxcepemuanngl)n2i-pykrrcdndlinédaritisiaiate;

3~ (1-Naphthyl)propyl (28)-1-(3,3-dimethyl-2-

- oxopentanoyl) -2-pyrrolidinecarbothicate;

2,2-Diphenylethyl (28)-1-(3,3-dimethyl-2-
10 | oxopentanoyl}tetrahydro-1H-2-pyrrolecarbothioate;
3-[4- (Trifluoromethyl) phenyl]propyl {28)-1-(3,3-~

dimethyl-E-oxopentanoYl)-2~pyrrolidinecarbothioate;
3-(2-Naphthyl)propyl (28)-1-(3,3-dimethyl-2-
oxopentanoyl) -2-pyrrolidinecarbothioate;

3-{3-Chlorophenyl)propyl (28)-1-(3,3-dimethyl-2-

=
wm

oxopentanoyli—z-pyrrolidinecarbothioate;
3-{3-{Triflucrcmethyl)phenyl)propyl (28)-1-(3,3-
dimethyl-2-oxopentanoyl) -2-pyrrolidinecarbothiocate;
3-(i-Biphenyl)propyl (25)-1-{(3,3-dimethyl-2-
20 oxopentanoyl)-2—pyrrolidinecafbothioate;
3-(2—Fluoropheny1)prbpyl (28)-1-(3,3-dimethyl-2-
oxopentanoyl) -2-pyrrolidinecarbothiocate;
3-(3-Fluorophenyl)propyl (25) -1-(3,3-dimethyl-2-
onpentanoyl)—2-pyrrolidinecarbbthioate;
25 3-(2—Chlor§phenyl)propyl _ (28) -1-(3,3-dimethyl-2-

oxcpentanoyl) -2-pyrrolidinecarbothiocate; and



49. The nethod of claim48, wherein, in said 10 conpound, Zis CH . 50. The’
nmet hod of claim48, wherein, in said conpound, Zis S 15 51. The nethod

of claim¥P%H¥ein, in said conpound: nis 2; and X isTEUBYEEEL The

met hod of clai'm 51, wherein, in said conpound, Zis CH . 53. The nethod of
claimb52, wherein said conpound is selected fromthe group Sosd i ng of :
25 2-({1- Oxo- 6- phenyl } - hexyl - 1- ( 3, 3-di net hyl -1, 2- dioxobuty??ﬁﬁperldine;

and WD 98/ 13343 PCT/ US97/ 15832 14 April‘§b05 68

3,3-Di net hyl -1-(2-(,4- phenyl pent angyl ) pj peri dj ngl. -1, 2- ,pent anedi.one.. 54. The
met hod of clain1@IK3wﬁé%é%ﬁEﬁPﬁYE§¥B§£LBEﬁﬂg%ugag}Z%T§£E£'§..EEHY "%t hod of
claimb54, wherein said c und is..selected fram_the group consisting of:
o Phenyl - | - ol TRTPTSSEGE L h S Ry iy Ripegnrpgrhisare. O O -

di oxopentyl)-2-pyrrolidinecarbothioate; 2-Phenyl-I-ethyl

1- (2r phenyl - 1, 2- di oxoet hyl ) - 2- pi aeri di necar bot hi oat e;

3- Phe'pyl -l pfOpy|4|8-_( 3, 3’?1%. nerﬁé-%/ljlo-& 20-9' %{8}1‘;{{[ y5)9',2'wherein, in - said

g compound:

n is 1; and

X is 8.

49, The method of claim 48, wherein, in said
10 compound, Z is CH,.

50. The method of claim 48, wherein, in said

compound, Z is sS.

15 ' 51. The method of c¢laim 39, wherein, in said
compound:
n is 2; and

X is O.

20 52. The method of claim 51, wherein, in said

compound, Z 1s CH,.

53. The method of claim 52, wherein said compound is
.selectad from the group consisting of:
25 2-({1-0Oxo-6-phenyl}-hexyl-1-(3,3-dimethyl-1,2-

dicxobutyl)piperidine; and



pi peri di necar bothi oate; 15 4-Phenyl’-|-butyl 1-(1, 2-di oxo-3, 3-di nmet hyl butyl)"
-2- piperidinecarbothioate; 1,5-Diphenyl-3-pentyl 1-(3,3-dinethyl-1,2-
di oxopent YWP9B1EMAer i di necar bot hi oate; 1, 5- Di phenyl - 3- ner J{FHGIPIAEIR

i -(3-phenyl-1,2 20 di oxoet hyl)-2-pi peri di necar bot hi oate; 3-(para- Mt
hoxyphenyl ) - 1- propyl - 1- (1, 2- di oxo- 3, 3- di net hyl pentyl) plpe&%%mnﬁog

- carbot hi oate; 3-(para- Mt hoxyphenyl)-1- gropyl 1- (2- phenyl

di cxoet hyl ) pi peri di ne- 2- carbothloate 8- (1- Napht hyl ) - 1- pr opyl

1- (3, 3-di net hyl [ OX t erldlne 2- car bot hi oate; WO 98/13343
PCT/ US97/ 15832 143A%r$+m%6%5f6% DA PERERPPYL) B PTGLIO M ek hy | - 2
oxopent anoyl ) - i rldlnecarbothloate 3, 3- D phenyl propyl.

1- (3, 3-di net hj F g fifanoyl ) - 2- pi peri di necar bot hi oat e;

3- (2- Napht hyl ) pr opyl (2R S)-1-(3, 3-di met hyl -
oxopentanoyl)-z-piperidinecarbothioate 4- Phenyl but yl

1- (3, 3-di net hyl - xope no eri.di.necarbot hioate: 3-Pheny propyl
1- (3, 3-di net hyl - '%xope% anoéﬁ%hgd 65?F§?n§&arb8bﬁF8éPe in°'ga

3. (21 Cry or ophegyLLasapYY La( 3.3 di met hyl -

55. The method of claim 54, wherein said compound is
selected from the group consisting of:
2-Phenyl-1l-ethyl  (28)-1-(3,3-dimethyl-1,2-
10 dioxopéﬁtyl}-2-pyrrolidinecarbothibate;
2-Phenyl-l-ethyl 1-{2~phenyl—l;2—dioxqethyl)-2—V
piperidinecarbothioaté;

3-Phenyl-1-propyl 1-(3,3-dimethyl-1,2-dioxobutyl) -2-

piperidinecarkothioate;
15 4-Phenyl-l~butyl 1-(1,2-dioxo-3,3-dimethylbutyl} -2-
piperidinecarbothicate;

1,5-Diphenyl-3-pentyl 1-(3,3-dimethyi-1,2-
aloxopentyl) -2-piperidinecarbothicate; |
1,5-Diphenyl-3-mercaptopentyl 1-(3-phenyl-1,2-
20 dioxocethyl) -2-piperidinecarbothioate;
| 3—(para-Methoxyphenfl)-1apropyl 1-{1,2-dioxo-3,3-
dimethylpentyl)piperidine-2-carbothioéte;
3- (para-Methoxyphenyl) -1~propyl 1»{2-phenyl—1,2-
dicxoethyvl)piperidine-2-carbothiocate;
25 3—(1-Naphthyl)—l—propyl i-(3,3-dimethyl-1,2-

dioxopentyl)piperidine-2-carbothiocate;



oxopent ar oyi ) - 2- pi peri di necar bot hi oate; 3-(2-Fl uorophenyl )pr opyI
1- (3, 3-dinet oxopent anoyl ) - 2- pi peri di necar bot hi oat e;

h
3- (3- Fl uoMP ﬂémﬁ propyl 1-(3, 3-dinethyl - 2- PET’US97II5332
cxopentanoyl) 2- pi peri di necar bot hi oate. 56. The method of claim 39,

wherein,. in said conmpound: 20 nis 2; and X is S 57. The ﬂB%MRgmgf claim.

56, mherein, in said conpound, Z is CH2 g25 70 58. The net
wherein, in said conpound, z is S. i 59 The nethod of claim 56, mhereln

5 conpound Zis I i i The d jaf ( gl & , rei sai d
conpound is 2('{?%5-2]@l %%ﬁgl%ﬁﬁgﬁ}etm%?P-j[ﬂén?I@%&%#ﬂ?(393-

di met hyl -1, 2ﬁ%ﬁ%@ﬂ%ﬂﬂ6ﬁﬂﬁ4ﬁﬂ iHd18.dihekalbMHidad05 HETERCCYCLI C
THI CESTERS AND KETONES “ABSTF This invention relates to neur ot rophi c | ow

mol ecul ar* wei ght 3, $0B phém) remds et efpeyGiine e Hili-2eskepenabdolel anes
havi pg an aff|n|ty for ‘FKBP-type |nnunoph|I|ns and thelr use as
] plperldlnecarbothloate
57 3-(2-Naphthyl)propyl ' (2R,S)-1-(3,3-dimethyl—2—
oxcpentanoyl) -2-piperidinecarbothiocate; |
4-Phénylbutyl 1-{3,3—dimethyl—2-oxopentanoyl)-2-
piperidinecarbothioate;
_3—Phenyl§ropyl 1-(3,3«dimethyl-2-oxopéntanoyl)— -
10 piperidinecarbothioate; |
3-(2-Chlorophenvl)propyl 1-(3,3-dimethyl-2-
oxopentanoyl) -2-piperidinecarbothioate;
3-(2-Fluorophenyl)propyl 1-{3,3-dimethyl-2-

oxopentanoyl})-2-piperidinecarbothioate; and

3-{3-Fluorophenyl!propyl 1-(3,3-dimethyl-2- -

15
oxopentanoyl}F2—piperidinecarbothioate.
56. The method of claim 39, wherein, in said
compounc:
20 n is 2; and
X is §.
57. The methed of claim 56, wherein, in said

compound, 2 is CH,.

25




i nhibitors of the enzyne activity associ ated with i nmunophilin proteins,
particularly peptidyl-prolyl isonmerase, or rotamase, enzyne activity. This
i nvent i onWOA848343 in particular to : conmpounds of formul a PET/ULTEB3Z
pharmaceutically acceptable salt thereof, wherein: nrslor2 eroorS

ZisS, R is selected fromthe group consiSting of & - 5 .
branched chain alkyl, € - C5 straight branched charn aI eny Art and
m xt ures thereof wherein said Rt i s unSubstituted or substltuted with
hal o, nitro, a hed charn' al kyl-,. C6 s rarght or
branched chain aI:ks((a:ﬁyIsflli%1 %%]%5;& . gg 5 I’(’& -)ééﬂ:d 'y,
phenoxy, benz¥éo y, amno, Art or a nlxture thereof; R2 is selected from
the group consisting C, - C9 straight or branched chain alkyl, C - C9
straight or branched chain al kenyl, C3 - C3 cycloalkyl, C - C7 .

cyclpal kenyl and Art, provided that R2 is not nethyl mhen nis 1, Xis O,
and i's phenyl cAr, i h enzyl dy fl thrornd |yl or
napht'hyl wherern%ggrd A?PE ?@ghﬁgﬁbs§¥tu?g%£h gsbst&ﬁgﬁg%ﬁvm %é)
trrflquonethyémbgmgﬁoxx lgl@ﬁﬂ C, - C6 straight or branched charn al kyl,
C2 - C6 straight” or br anched ch&i n al kenyl, C - C4 alkoxy, C - C4

al kenyl oxy, phenoxy, benzyloxy, amno or a mxture thereof. FIGURE |A 72 14
April 2005 R2 is selected fromthe group consisting of C -C9 straight or

branched chai n algky! , TE2-f8tBbaab Y1 HIm b ancheet haldl Aldpiund3I L8
cycl oal kyl, C5-C7cycl oal kenyl and Ar,, provided that R2 is not nmethyl when

nis 1, Xis 20({mﬂ[i${phqslh’éﬁyl}ethyl] -4-phenyl}-butyl—1— (3,3~

dimethyl-1,2-dioxobutyl)piperidine.




Ar,is phenyl, benzyl, pyridyl, fluorenyl, thioindolyl or naphthyl wherein
said Arl is unsubstituted or substituted with halo, trifluoromethyl,  ——-
hydroxy, nitro, CC C6 straight or branched chain al kyl, C2-C6 straight or
branched chain al kenyl, Cl1-C;, al koxy, C2-C4 al kenyl oxy, phenoxy, - benzyl oxy,

amino or a mxture thereof. 1 71 14 April 2005

HETEROCYCLIC THIOESTERS AND KETONES

ABSTRACT

leus invention relates to neurotrophic low molecular weight, small ruolecule heterccyclic
thioesters and ketones having an affinity for FKBP-type immunophilins, and their use as
mhﬂ?ltors of the enzyme activity associated with immunophilin proteins, particularly
peptidyl-prolyl isomerase, or rotamase, enzyme activity.

This invention relates in particular to :

compounds of formula IT:

1 ( (CHo)n

Z._ .
N g \Rl

) 0 X _ I

Ry

- ora pharmaceutically agceptablc salt thereof, whereiﬁ:
nis1or 2;.
XisOorS;
Zis S;

R; is selected from the group consisting of C, — Cg straight or branched chain
alky‘l, Cz ~ Cs straight or branched chain alkenyl, Ar, and mixtures thereof, wherein said
R, is unsubstituted or substituted with halo, nitro, C; — Cg straight or branched chain
alkyl, C; — Cg straight or branched chain alkenyl, hydroxy, C; — C,; alkoxy, C;— Cs
alkenyloxy, phenoxy, benzyloxy, amino, Ar; or a mixture thereof:

R; is selected from the group consisting C;~ Cs straight or branched chain alkyl,
Cy — Cy straight or branched chain alkenyl, C; — Cy cycloalkyl, Cs ~ Cy cycloalkenyl
and Ary, provided that R; is not methyl whennis 1, Xis O, and R; is phenyl;

. Ar is phenyl, benzyl, pyridyl, fluorenyl, thioindolyl or naphthyl wherein said Ar,
1s unsubstituted or substituted with halo, trifluoromethyl, hydroxy, nitro, C, — Cs straight
or branched chain alkyl, C, - Cg straight or branched chain alkenyl, C, - C, alkoxy, C; —
Cs alkenyloxy, phenoxy, benzyloxy, amino or a mixture thereof,

| FIGURE 1A




72 ' 14 April 2005

R, is selected from the group consisting ox C,-Cq
straight or branched chain alkyl, C,=Cy straight or
branched chain alkenyl, (:3—‘Cs cycloalkyl, C-E,-CT cycloalkenyl
land Ar,, provided that R, is not methyl when n is 1, X is
0, and R; is phenyl;

Ar, is phenyl, benzyl, pyridyl, fluorenyl, thioindelyl

or naphthyl wherein said Ar; is unsubstituted or
substituted with halo, trifluoromethyl, hydroxy, nitro, C,-
C, straight or branched chain alkyl, C,-C; straight or

“branched chain alkenyl, ¢C,-C., alkoxy, C,-C, alkenylczy,

phenoxy, benzyloxy, amino or & mixture thereof.



