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Sept enber 25, 5 1996, the entire content of which is herein

i ncor por at ed MR8¥ ence. BACKGROUND OF THE | NVENTI ON 10 FCIUSITISER o 4
I nvention This invention relates to neurotrophic | ow nol ecul ar wei ght,

smal | nol ecul e heterocyclic thioesters and ketones having an affinity for
FKBP-type i nmunophilins, agpghthel LRRLBLT OF enzynme activity
15 associated wth imni?%fr#qn:%e%?o B%Q,b R‘%@@n y

peptidyl -prolyl isonerase, or rotanase, enzyne activity. 2. Descri ption
of Related-Art The term i nmunophilin refers to a nunber of proteins that
serve as receptorshisfagpliddt€ion P&l BCkBAtiRGation i IHIHAGSUBR! §SEaNt
drugs, cyclosporin A (Cerr]A), FK506 and rapanycin. Known cl asses

of i mmunophi | i nBatene AypliogatidmNand FHKEDG 1ssndifid edr Seetambedr 25,
FKBP[err]. Cyclosporin A binds to cyclophilin A while FK506 and rapanycin
bind to EKBP121296, tHheentigpurAephert miimhdchsis hexsimplioresrpprnatedace
with various intracelLlul ar signal transduction systens, especially the
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BACKGROUND OF THE INVENTION

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

2. Description 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 clagses 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 complexes interface with wvarious intracellular signal
transduction systems, especially the immune and nervous

systems.



2 I mmunophilins are known to have peptidyl-prolyl isonerase (PPlase), or
rotamase, enzyne activity. It has been determ ned that rotamase enzyne
activity plays a role in the catal yzation of the interconversion of the 5
cis and trans isoners of peptide and protein substrates for the

i munophi | i WOBEBM¥ENns. | munophilins were originally di scoRGYUSP7A$832 st udi ed

In the imune tissue. It was initially postulated by those skilled in the
art that inhibition of the 10 i mmunophi lins' rotamase activity |leads to
i nhibition of T-cell proliferation, ot her eby causi ng t he

| mmunosuppressive activity exhibited by i munosuppressant drugs, such as

cycl osporin A FK506Iamenestpdmige naréuknbet Stdidhakas ;ﬁé’:m/iaytlh%trotlw

i nhi bition of rotamase 15 activity, in and of itself, "doeS not
result in i muASSTHPPRE] siRFLaget i, vo¥ yrotsaiasei bemzyne alctivicyend, hag9o0,
vol . 250, pp. 536-55 . Insteqﬁhﬁhnnunosuppression appears to stemfromthe
formul ati on of SBBnPRERTBERE BSuppFae’sst eRFYme afativhtyiophaysna It

ornary protei n7oMFgBPSCAE FREMPRUGEIDIo Gt P GHPEVBEriep F. fheel | |
B opne) P Cop02s L e ndits Gfucel AP HSHE, flbepsucen,
enzyme 25 Ccobei tlge!r intmtbHIAnbbkotBend: cel | receptor signalling which
| eads to T-cell proliferation. Simlarly, the
Immunophilins were originally discovered and studied
in the immune tissue. It was initially postulated by
those skilled in the art that inhibition of the
10 immunophilins’ rotamase activity leads to inhibition of
T-cell proliferation, thereby causing the
immunosuppressive activity exhibited by immunosuppressant
drugs, such as cyclosporin A, FK506 and rapamycin.
Further study has shown that the inhibition of rotamase
15 activity, in and of 1itself, does not result in
immunosuppressive activity. Schreiber et al., Science,
1990, vel. 250, pp. 556-559. Instead, immunosuppression
appears to stem from the formulation of a complex of
immunosuppressant drug and immunophilin. It has been
20 shown that the immunophilin-drug complexes interact with
ternary protein targets as their mode of action.
Schreiber et al., Cell, 1991, vol. 66, pp. 807-815. 1In
the case of FKBP-FK506 and cyclophilin-CsA, the
immunophilin-drug complexes bind to the enzyme
25 calcineurin and inhibit the T-cell receptor signalling

which le=ads to T-cell proliferation. Similarly, the
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I mmunophi | i n-drug conpl ex of FKBP-rapamycin interacts with the RAFT1/ FRAP
protein and inhibits the IL-2 receptor signalling. |munophilins have been

found to be present at high 5 concentrations in tmiqyﬁﬁﬁﬁéé?

nervous  sy¥P@3#munophilins are enriched 10-50 times

central nervous systemthan in the i mmuune system Wthin neural tissues,

i mmunophi | i ns appear to influence nitric oxide synthesis, neurotransmtter
rel ease and neuronal 10 process exten3ion. It has been found that

pi comol ar concentrations of an inmunosuppressant such as FK506 and
rapanycin sti nubBreneRiy: s dudyr el eh PELFRER-Fspamtciendatpracsons,

et Acad. sci wEenggge | SArHEyins dresel Oatal iapipEranihe Thz
experinents, FK;ngBQQFQQ_ éyfl to stimulate nerve regeneration follow ng
facial nerve injuor ur S|ng It has been found that certain 20

conpounds with a hi ghafddgHi nkOhatFkBRS R Rt 88! e ATSR RN} b hOs and

exhi bit excellent neurotrophic effects. Furthernore,” these rota
inhibitors are dencémtoftionmsunodnpprehsi vecawwtial t y.nervbugse Eyadeﬁgs
suggest the use of rotamase inhibitors in treating 25 vari ous

peri pheral neur dpaerPRisiHng eahan@nr)abedr ohét 5@ edrig®ish nere hdncebheal

nervous system ( CNS) St udi es o
central nervous system than in the immune system. Within

neural tissues, immunophilins appear to influence nitric
oxide synthesis, neurotransmitter release and neuronal
10 process extansion.

It has been found that picomolar ccncentrations of
an immunosuppressant such as FK506 and rapamycin
stimulate neurite outgrowth in PCl2 cells and sensory
neurcons, namely dorsal roct ganglicn cells (DRGs). Lyons

15 et al., Proc. of Natl. Acad. Sci., 1994, vol. 91, pp.
3192-3195. 1In whole animal experiments, FKS506 has been
shown tc stimularte nerve regeneration following facial
nerve injury.

Surprisingly, it has been found that cextain

20 compounds with a high affinizy for FKBPs are potent
rotamase inhibitors and exhibit excellent neurotrophic
effects. Furthermore, these rotamase inhibitors are
devoid of immunosuppressive activity. These findings
suggest the use of rotamase inhibitors in treating

. 25 various peripheral neuropathies and enhancing neurcnal

regrowth in the central nervous system (CNS). Studies
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denonstrated that neurodegenerative disorders, such as Al zheiner's

di sease, Par ki nson's di sease and anyotrophic lateral sclerosis (ALS),
may occur due to the | oss, or decreased availability, of a neurotrophic 5
subst ance SWES¥IPH for a particul ar popul ati on of neurons BEAUSEVER? n t he
di sorder. Several neurotrophic factors affecting specific neuronal

popul ations in the central nervous system have been identified. For
exanple, it has been hypothesized 10 that Al zheiner's disease results
froma decrease or |oss of nerve growh factor (NGF). It has thus been
proposed to trdmveSgeTopstiranes viath nexogdegenenet vee g Dyddddract eachr ot her
neurotrophic proteins, such as brain derived growh factor, glial derived
growth factor, &§1i &t¢hesmer’s odiseaseni c Bardtigisomi® nedisrasypi nasdd to

i ncrease the survival qf, degenerati neuronal popul ati ons. d i nical
1’3.pp| i cation of u?%as/ter%(}&ce?%'éefrﬁf \Fla‘?‘ril%tﬁ??liﬁeggb‘ﬁggﬁ%aé‘[ °IEFF§Ea%‘ée I§l°ia‘éb§ i's
h d by diffigulti j [ . D Ll abi it f
DroLel ns to 90 ToSH LEES BBLLEd? ARl MNTRLO0TB L ' HelibaR bonBbt cssant

bi oavai | abi 11 Ly P e A it OBl aP o P felbaRE T | 1
I mmunosuppr essafifatrmegs iexhhki Hiaondeber of potentially serious side

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 £actor, glial derived growth factor, ciliary

15 neurotrophic factor and neurotropin-3, to increase the
surviva. of degenerating neuronal populations.

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

20 nervous system targets. By contrast, immunosuppressant
drugs with neurotrophic activity are relatively small and
display excellent bioavailability and specificity.
However, when administered chronically, immunosuppressant
drugs exhibit a number of potentially serious side

25 effects including nephrotoxicity, such as impairment of

glomerular filtration and irreversible interstitial



25 effects including nephrotoxicity, such as inpairnment of glonerular

filtration and irreversible interstitial WD 98/ 13343

PCT/ US97/ 15932 fibrosis (Kopp et al., J. Am Soc. Nephrol., 1991,

1:162); neurQYlé%ingg"l deficits, such as involuntary trenors,_or non-specific
cerebral angM¥Sn as non- Iocalized headaches (De G oenPEFUSiWISE3y
Engl. J. Med., 5 1987, 317:861); and vascul ar hypert ensi on

with conplications resulting therefrom (Kahan et al., N Eng[err]. J. Md.,
1989, 321:1725). To prevent the side effecds associated with use of the

I mmunosuppr essant _conpounds, the present invention 10 provi des

non- i mmunosuppr éSA5RE iSonpERRRIs e€orftlai ni Hy el | SE6k eNBRIIAdBR r2%hase

inhibitors for enh ing _neurite.oufgr h,. and prongoting neuronal growh
and regener at i or+ AP 4/dr | Bﬁgrﬂéﬁ?b‘fﬁi hoq? TS s ﬁb’ﬁglpoﬁ whBrelyrkagnal

repair can be facilitated, inggl-ggi?gg'gagﬁéiﬁggﬁ%e%\g@/g%%?ﬁ%lad%rra e caused

by physical injury of "di sease"s e to

the central nervQugisyskieRbAdRERG: (K Ak Realad) ;, B akRgdanpgeyassoci at ed
W th stroke; and neur ol ogi cal di sorders relating to

neur odegengr ati @pe7suchias: fa ki nsands dvaseskar SDAYpARtensibAl zZheidmer' s
di sease) and anyotrophic lateral sclerosis. SUMVARY OF THE | NVENTI ON The
present inventi cempdligagsons reswldtingphhere fnpomuolkadanaet vadi .ghV, Emgl |
nol ecul e conmpounds haying an
J. Med., 1989, 321:1725).
To prevent the side effects associated with use of
the immunosuppressant compounds, the present invention
10 provides non-immunosuppressive compounds containing small
molecule FKBP rotamase inhibitors for enhancing neurite
outgrowth, and promoting neuronal growth and regeneration
in various neuropatheological situations where neuronal
repair can be facilitated, including: peripheral nerve
15 damage caused by physical injury or disease state such as
diakbetes; physical damage to the central nervous system
{spinal cord and brain}; brain damage associated with
stroke; and neurological disorders relating to

neurodegeneration, such as Parkinson’s disease, SDAT

20 {Alzheimer’'s disease) and amyotrophic lateral sclerosis.

SUMMARY OF THE I ION
The present invention relates to neurotrophic low
molecular weight, small molecule compounds having an
25 affinity for FKBP-type immunophilins. Once bound to

these protesins, the neurotrophic compounds are potent



25 affinity for FKBP-type i mmunophilins. Once bound to these
proteins, the neurotrophic conpounds are potent WO 98/ 13343

PCT/ US97/ 15832 inhibitors of the enzyne activity associated with

i mmunophi lin proteins, particularly peptidyl-prolyl isomerase, or rotanase,
enzyne acti WEP1¥¥ ey feature of the conpounds of the preBERUSYA§BAtion is

that they do 5 not exert any significant inmunosuppressive activity in
addition to their neurotrophic activity. Specifically, the present
invention relates to a conpound of fornmulg I1: 15

[err] or a pharmaceutically acceptable salt thereof, wherein: nis 1 or 2;
Xis 0 or S Zinkibdkeesedofr othé hesrgtyme) GRitivitiyNgasfoSiatadd eryilen 20
CHR[ err] and C(.R[err]zq[.erlr] , Rlerr] is selected fromthe group consisting
of derr]-d eripmynpghdhinor psptirshed cparhiahkyrly C[ peptidylerpidolstlr ai ght
or branched chain al kenyl, Ar[err] and m xtures thereof, wherein said
Rlerr] is unsuBSCMEERER: oPT sIDSRITEIR o FRAYME RECAVIAYEr oA bay feature

Cerr]-Cerr] raj.gh branched chain al kyl Cierr].— rr] _straight or
branched chai n%tgl Eié%y%?rﬁ)éﬁ/u&‘r (?x?,@ RIS gf"ﬁ? Yt EPF]‘-:E%H‘H
5 not exert any significant immunosuppressive activity in
addition to their neurotrophic activity.
Specifically, the present invention relates to a

compound of formula II:

10 [CHz] n
Z Z—R1

II

Ra
15

or a pharmaceutically acceptable salt thereof, wherein:

nis 1 or 2;

X is O or S;

Z is selected from the group consisting of S, CH,,

20 CHR, and C(R,);:

R, is selected from the grcup consisting of C,-C
straight or branched chain alkyl, C,-Cs straight or
branched chain alkenyl, Ar, and mixtures thereof, wherein
said R, is unsubstituted or substituted with halo, nitro,

25 C,-C; strxaight or branched chain alkyl, C,-C¢ straight or

branched chain alkenyl, hydroxy, C,-C, alkoxy, C,-C,



[err] al kenyl oxy, phenoxy, benzyl oxy, am no, Ar[err] or a mxture thereof;
R2 is selected fromthe group consisting of CJerr]-Clerr] straight or
branched chain al kyl, C2-C9 straight or 5 branched chai n al kenyl ,
C3-C8 cyclo C5-C7 cycl oal kenyl and Ar[err]; and Arler |
phenyl, beﬁjz({%%“mpyri dyl, fluorenyl, thioindolyl or na (ﬁ{’h “%ﬁ’erei n
said Ar[err] is unsubstituted or substituted with hal o, hydroxy, nitro,

Cerr]-Cerr] straight 10 or branched chain al kyl, C2-C6 straight or
branched chain al kenyl, {err]-Clerr] alkoxy, {err]-Clerr] alkenyloxy,

phenoxy, benzyloxy, am no or a m xture thereof. The pr esent I nvention
al so rel ates albenyboyxharplesenty,.c denzyipayi,t katneonpt] IMN@E mikcure
(i) an effective amount of the conpound of fornula Il for effecting a

neuronal activityhesg@f(ii) a pharmaceutically acceptable carrier. The
present invention further relates to a nethod of effecting a neuronal
activity in an ani malRe 2¥f sel&shnd SrRp blemi FevRr FRESESLIR® afi GriCsan

effective am)untsgf the co okljmd f orgla{l.a I 1 Rl EE SCRI PT] OF THE
i A) S

DRAW NGS 25 ratg TAPSBprEgaRt TR phSe T ORISR 0P~

untreated §ensory DRUEONS. chain alkenyl, C,-C cycloalkyl, C,-C,
cycloalkenyl and Ar,; and
Ar, 1is phenyl, benzyl, pyridyl, fluorenyl,
thioindolyl or naphthyl wherein said Ar, is unsubstituted
or substituted with halo, hydroxy, nitro, C,-C; straight
10 or branched chain alkyl, C,-C, straight or branched chain
alkenyl, C,-C, alkoxy, C,~-C, alkenyloxy, phenoxy,.
benzyloxy, amino or a mixture thereof.
The present invention also relates to a
pharmaceutical composition comprising:
is (i) an effective amount of the compound of claim 1
for effecting a neuronal activity; and
{(ii} a pharmaceutically acceptable carrier.
The present invention further relates to a method of
effecting a neurconal activity in an animal, comprising:
20 administering to the animal an effective amount of

the compound of formula II.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1{(A) is a representative photomicrograph of

25 untreated sensory neurons.
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1(B) is a representative photom crograph of conmpound 1 (10 pM pronoting
neurite outgrowh in sensory neurons. FIG |(C) is a representative

phot om crograph of 5 conpound 1 (1 [err]M pronoting neurite outgrowh
in sensory A FIG 1(D) is a representative photoni cPGEHPSgINSESE
conpound 1 (1 [err]M pronoting neurite outgrowh in sensory neurons. 10
FIG 2(A) is a representative photomnm crograph of untreated sensory neurons.
FIG 2(B) is a representative photom croggaph of conpound 9 (10 pM
pronoting neurite outgrowh in sensory neurons. 15 FIG 2(C is a
representative phot ®iicr dgtephi®f ac eepeesdnfat ivé epﬁ&,é&mpéfg%%ﬁg Qeurite
outgrowth in sensory neurons. FIG 2(D) is a representative tom'crograph

of conpound 9 (CEEPAAE pr bhbPMigPnenet iny ettt oet dutdraddh in §éﬁ§&?’
neurons. FIG 3(A) is a representative photom crograph of untreated sensory

neurons. FI G 9%$-a representative photomnicrograph of conpound 10 (10
PM pronoting neuri tF%GQUtlg(Cg\Nt:{]s iQ %gpresegt?ar.]tzsio‘;ey Sgg{gxgisérograph of
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 outgrowth in sensory
neurons.

10 FIG. 2(A) is a representative photomicrograph of
untreated 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
compound 9 {1 nM) promoting neurite outgrowth in sensory
neurons.

FIG. 2(D}) is a representative photomicrograph of
compound 9 (100 nM) promoting neurite outgrowth in

20 sensory neurons.

FIG. 3(A) is a representative photomicrograph of
untreated sensory neurons.

FIG. 3(B) is a representative photomicrograph of
compound 10 (10 pM} promoting neurite outgrowth in

25 sensory neurons.
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3(C) is a representative photom crograph of conmpound 9 (1 [err]M pronoting
neurite outgrowh in sensory neurons. FIG 3(D) is a representative
phot om cr ogr conpound 9 (iC0 nM pronoting neurite

out growt h i?p&s%ér)\{s%%y neurons. FIG 4 presents quantitationP SYpass2
recovery of TH positive dopam nergic neurons in the striatumof aninmals
recei ving conpounds 1, 9 and 10. 10 DETAI LED DESCRI PTI ON OF THE | NVENTI ON
Definitions "Alkyl[err] refers to a branched or unbranched saturated

hydr ocarbon chain containing 1 to 6 carbon atons, such as 15 met hyl ,
ethyl, propyl, isoffiGpyd(C) bigyk, repsesbntytivé ephobdthidrodtaRfi iy ,

n- hexyl and the |ike, unless otherw se indicated. "Al koxy" réfers to the
group - OR wher ei PRSPk} Y msiosios ingf needite dutgirerabl yn sdhdsrya

branched or 20 ur%rllll%ranched saturated hydrocarbon chain containing 1 to 3
carbon atons. "FBI G- refers to fl uoro, chloro, brono or iodo, unless

25 ol eoul ar Tormurar on G EbELERe SR WGk ont ok agi (2 “onl y
in the ways the ziongdunde S r@R@ednMN $NJRting neurite ocutgrowth in
sensory neurons.

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

10
DETAILED DESCRIPTION OF THE INVENTION
Definitions

"Alkyl" refers to a branched or unbranched saturated

hydrocarbon chain containing 1 to 6 carbon atoms, such as

15 methyl, ethyl, propyl, iso-propyl, butyl, iso-butyl,
tert-butyl, n-pentyl, n-hexyl and the 1like, unless
otherwise indicated.

"Alxoxy" refers to the group -OR wherein R is alkyl
as herein defined. Preferably, R is a branched or

20 unbranched saturated hydrocarbon chain containing 1 to 3
carbon atoms.

"Halo" refers to fluoroc, chloro, bromo or iodo,
unless otherwise indicated.

"Isomers" are different compounds that have the same

25 molecular formula. "Sterecisomers" are isomers that

differ only in the way the atoms are arranged in space.
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"Enantioners" are a pair of stereoisoners that are non- superinposabl e
mrror I mages of each ot her. "Di astereoi soners" are stereoisoners
which are nQt mrror imges of each other. "Racemic m xture" neans a
mxture 5 YOUIR4Y ning equal parts of individual enanti oREFUSITISR
racem c m xture" is a mxture containing unequal parts of individual

enanti oners or stereoi soners. "Pharmaceutically acceptable salt" refers to
a salt of the inventive conpounds which pggsesses the desired 10

phar macol ogi cal activity and whi ch S nei t her biologically nor
ot her wi se undesi '"TExiHnE icheersiakirecanphir f Of néte Méd isdntdid #hia¢ ﬂﬁédﬁ guch as
acet ate, adi pate, alginate, aspart at e, benzoat e, benzenesu ?onat e,

bi sul fate butSyRarimposable cj tfigwor  imageshor at®, 18ach  other.

canphor sul fonate, . cycl opent anepropi onate,  digluconate, dodecylsulfate,

et hanesul f onat e, " PSR FREPIEEMEYE ! iR fEareai somers gihisdr apaoxthat eror
hem sul fate heptanoate, - heéano}gte, "Rhédrochl oride ~ hydrobrom de,
hydr oi odi de, 2- YRy SEhERER It e, JPHEPAC TR LR &1€3F a mixture
met hanesul § onat gyqnedriRaRkt B a5l t . Dk ' oxal ate,

t hi ocyanat e, tosycl’natéL an%t u%gganoa{%g%Egg%ﬁ?%gQ%% rl%&%é:slg MELS i niPUde
amoni um sal t's, Aidedic MEkohrealils ashitiate todkdihang RUASH waveal 45,

al kaline earth netal salts such as calciumand nagnesiumsalts, salts with
individual enantiomers or stereoisomers.
"Pharmaceutically acceptable salt" refers to a salt
of the inventive compounds which possesses the desired
10 pharmacological activity and which is neither

biologically nor otherwise undesirable. The salt can be

formed with inorganic acids such as acetate, adipate,

alginate, aspartate, benzoate, benzenesulfonate,
bisulfate butyrate, citraze, camphorate,
15 camphorsulfonate, cyclopentanepropiocnate, digluconate,
dodecylsulfate, ethanesulfonate, fumarate,
glucoheptancate, glycerophosphate, hemisulfate
heptanoate, hexanocate, hydrochloride hydrobromide,

hydroiodide, 2-hydroxyethanesulfonate, lactate, maleate,
20 methanesulfonate, 2-naphthalenesulfonate, nicotinate,
oxalate, thiocyanate, tosylate and undecanocate. Examples
of a base salt include ammonium salts, alkali metal salts
such as sodium and potassium salts, alkaline earth metal
salts such as calcium and magnesium salts, salts with
25 organic bases such as dicyclohexylamine salts, N-methyl-

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



25 organi ¢ bases such as dicycl ohexyl am ne salts, N nethyl-
D-glucamne, and salts with am no acids such as arginine WO 98/ 13343
PCT/ US97/ 15832 11 and |ysine. Also, the basic nitrogen-containing groups

can be quart idigf@ssW th agents including: |ower alkyl hali as
methyl, ethyl, propyl and butyl chlorides, brom des andg§§8| é%?’

di al kyl sulfates such as 5 dinmethyl, diethyl, dibutyl and dianyl
sul fates; long chain halides such as decyl, lauryl, nyristyl and stearyl
chlorides, brom des and iodides; and aral kyl halides such as benzyl and
phenet hyl brom des, "Phenyl" refers to any possible isoneric phenyl 10

radi cal, optionafty WEHASubs ALEGr eBher bagiei ritymgantcehtainingugsbupsient s

selected fromthe group_caqnsisting of al kyl, al koxy,.  hydroxy, halo and
hal oal kyl . "Tr ea‘f‘?’ﬁgbe r%Pe‘F&er?egi Yltgr%é%?ﬁf’r Nt Y@id84s e Lowes oalikyl or

Che di sease, di SETISRandlsr ol PECkVR AEETRo! JEPPRLona aghescl as

the di sease, disorder an condi t1on . eel (
arresting (15 Seuml ey DL AR LoR AR PRty PR H sk B dn e
di sorder o5 condlimiewhyli, eliet?AUsi ngibeGFESshan dhmihe slinease,; disey der
and/ or condition.
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 isomeric phenyl
10 radical, opticnally monosubstituted or multisubstituted
with substituents selected from the group consisting of
alkyl, alkoxy, hydroxy, halo and halocalkyl.
"Treating® refers to:
‘1) preventing a disease, disorder or condition
15 from occurring in an animal which may be predisposed to
the disease, disorder and/or condition but has not yet
been diagnosed as having it;
{ii} inhibiting the disease, disorder or condition,
i.e., arresting its development; and

20 (iii) relieving the disease, disorder or condition,

i.e., causing regression of the disease, disorder and/or

condition.
Compounds of the Invention
25 The neurotrophic low molecular weight, small

molecule FKBP inhibitor compounds of this invention have



Conpounds of the Invention 25 The neurotrophic |ow nolecular
wei ght, small nol ecul e FKBP i nhi bitor conpounds of this invention have

WD 98/ 13343 PCT/ US97/ 15832 12 an
affinity fO%WFﬁFP_ ype i mmunophilins, such as FKBP12. \Wen the neurotrophic
conmpounds o 343 vention are bound to an FKBP-type i nmuREFHFIEE32t hey
have been found to inhibit the prolyl-peptidyl cis-trans isonerase 5
activity, or rotamase, activity of the binding protein and unexpectedly
stinulate neurite growth. FORMILA | 10 ,, In particular, this
invention relates to a conpound of fornu}a l: [err] 20 or a

phar maceut i cal layn ag€eniep fors FKBPLBOHEOL mmkWPIRi IinsA a0h tﬁﬁiﬁ er with
the nitrogen and carbon atons to mh?%h they are régpectguf%? a a%ﬁed, form

a 5-7 nmenber ed Wognurtdiee iemrogmophicatcethpbends oyfc lthd s i iigree@abal Hdag any
conbination of CHerr], O_S[lerr] SO SJerr], NH or 25 NR[err] in any
chenical Iy stabPER8xFaAD & &ee Xmuynephijein 0 tdveyShave bR Folidad 3

PCT/ US97/ 15832 v e
to inhibit the prolyl-peptidyl cis-trans isomerase

5 activity, or rotamase, activity of the binding protein

and unexpectedly stimulate neurite growth.

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

of formula I:

Z
15 \Rl I
X

20 or a pharmaceutically acceptable salt thereof, wherein:
A and B, together with the nitrogen and carbon atoms
to which they are respectfully attached, form a 5-7
membered saturated or unsaturated heterocyclic ring
containing any combination of CH,, O, S, 80, SO,, NH or

25 NR, in any chemically stable oxidation state;

X is either O or S;



13 Zis either S, CHerr][err] CHR err] or C(Rerr])[err]; Wand Y are
i ndependently 0, S[err] CHerr] or Klerr]; Rerr] is (Qerr]-Cerr] straight
or branched chain al kyl or alkenyl, which is substituted in one or nor e

position(s) th (Ar[err]) [err] (Ar[err])[err] conn by a
derr]- C[err]avsstspg':“ght or branched chain al kyl or al kenyl, ’i’ "%ferr]

cycloal kyl, Cerr]-Cerr] cycloal kyl connected by a Cerr] (ferr] straight
or branched chain al kyl or al kenyl, Ar[err] or a conbination thereof; nis
1 or 2; 10 Rlerr] is either (Jert}-Clerr] straight .or branched
chain al kyl or al ken¥l . Clerr] gerr] cycloal kyl[err] (err]-Cerr]

cycl oal kenyl or Ar[efr}fef+iheinet eiFHasafBRalNyIC (Ral kenyl , cycl oal kyl or
cycl oal kenyl is eithgr sybstituted or substituted in one or nore
position(s) with C[e&r ‘g:[ r3q€ st P&Iﬂde&t‘: Br QmcfedBh&itn Hat kyl 15 or

al kenyl , hydroxyl or a nat i eof d Ar err and Ar[errr] are
i ndependent ly a m)no- ggn@me‘t r:g (Q,sr [e Eb‘é&/cﬂ- Yli 8y,

wherein the ri nstkénﬁlth&tlew%'ébéabéetedcgé *&%te' Bytrﬁﬁré” Ui LQ (hree

position(s) wth halo, hydroxyl, nitro, tr|f uor one

Cerr]-Cérr] swiahghtaxgb,branehgd ehiidriddkybyora ak:kxa@ylstgfé}{t] crerrl

al koxy, C,-C4 al kenyl oxy, phenoxy, benzyl oxy, am no or a conbihation

t her eof ; wher ei hrﬂh@h¢¢td¢mmaalk}tlng>mde@na¢le 8, 5Cyreviedbalkedd vheyein the
het erocycl icri }9 cont ai ns 1-6 heteroaton(s) selected fromthe group 25
consi sting of OSYRFXYYS sp@necedmblyatd oftherstvfaight or branched

chain alkyl or alkenyl, Ar, or a combination thereof;
nis 1 or 2;

10 R, is either C,-C, straight or branched chain alkyl
or alkenyl, C;-C; cycloalkyl, C;-C, cycloalkenyl or Ar,,
wherein said alkyl, alkenyl, 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 thereof; and

Ar. and Ar, are independently a mono-, bi- 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,-Cs; straight or branched chain alkyl or alkenyl, (,-C,
alkoxy, C,-C, alkenyloxy, phenoxy, benzyloxy, amino or a
combination thereof; wherein the individual ring sizes
are 5-5 members; and wherein the heterocyclic ring
contains 1-6 heterocatom(s) selected from the group

28 consisting of O, N, S and a combination thereof.
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Sui tabl e nono- and bicyclic, carbo- and heterocyclic rings include, wthout

limtation, naphthyl, indolyl, furyl, t hi azol yl , t hi enyl , pyridyl,
qui nol i nyl, i soaui nol i nyl, fluorenyl and phenyl. 5 FORMJULA Il A preferred
enbodi ment WPBHIM3 | nvention is a conpound of formula |1: BGKUSI?15832

[err] or a pharnaceutically acceptable salt thereof, wherein: nis 1 or 2;
Xis Oor S, Zis selected fromthe group consisting of S[err] CHerr], 20
CHR[err] and C(Rlerr])[err]; Rerr] is sekgcted fromthe group consisting
of Jerr]-Cerr] straight or branched chain alkyl, Cerr]-Clerr] straight
or branched chain al Beaykblamara] aadditydlilescabbseqind WoesebdySH
Rlerr] is unsubstituted or substituted with halo, nitro, 25

Cerr]-Cerr] sti&gFhtinFluseanchiddhaiiai himitationg] erapht@ier,r | isdspyght or
Al Kenyl oxy.  phemdty L bensy 63 LY L ndtHiititeot : PELRYLsel cqwbaot iaurd  he
01 oup ponst st NG siqubh8l Lhyf] EfloRdd Uila PaaiAnehed chain alkyl, -9
5
FORMULA IT

A preferred embodiment of this invention is a

compound of formula II:

10 [CH2ln
( Z—2R1

N
II

R2
15

or a pharmaceutically acceptable salt thereof, wherein:

n is 1 or 2;

X is 0 or S;

Z is selected from the group consisting of S, CH,,

20 CHR, and C(R,),;

R, is selected from the group consisting of C,-Cs
straight or branched chain alkyl, C,-C; straight or
branched chain alkenyl, Ar, and mixtures thereof, wherein
said R, is unsubstituted or substituted with halo, nitro,

25 C,~C; straight or branched chain alkyl, C,-C; straight or

branched chain alkeny., hydroxy, C,-C, alkoxy, C.-C,



5 branched chain al kenyl , Clerr]-Clerr] cycloal kyl,
Cerr]-Cerr] cycloalkenyl and Ar[err]; and Ar[ferr] is phenyl, benzyl ,
pyridyl, fluorenyl, thioindolyl or naphthyl wherein said Arferr] is
unsubsti t ut stituted with halo, trifluoronethyl, h

nitro, C[ef‘g? &f%#?] straight or branched chain al kyl, qéﬁrﬁﬁ@g&%
straight or branched chain al kenyl, Cerr]-Cerr] al koxy, Cerr]-Cerr]

al kenyl oxy, phenoxy, benzyl oxy, ami no or a mxture thereof. Speci fic
exanples of these errbodi ments are 15 15 presented in TABLE |. TABLE I
No. n X Z Rlerr] Rlerr] 1 1 0 CH err]
3- Phenyl pr opy!l alkenYlP’iY DPREPRYYpr BppRYDOXY, 3mino,] Ar, gr a ghgture

3- (3-Pyridyl )pro&/l 1, 1-Dinethylpropyl 3 1 0 CH2

3- Phenyl pr opyl f['ert Butyl 4 1 0 CH2 3-(3-Pyri dyl)propyl
tert-Butyl 5 3-Pyri pr.o .cl.ahexyl 1 0
CH2 3-(3-Pyri dyl)proﬁylls %'glcgsg‘ tfe% &Bﬁe) cRM) 1°en thtmgcﬁf C1 Cs
3-(3-Pyridyl) propylas I'Q’CEQhQ:&taﬂch%d cHain QtlkleHZC -&; (SeEhughenyd, et hyl
1, 1-D nethyl propyl 9g 2- Phenet hy

1, 1- Di net hy| pr opyttarkthed 2 chaﬂn ﬁkenﬂ Phem@td:,yl cycloalkyll, ¢,-c,

1- D met hyl propyl 16 11 1 S Met hyl (2-t hi oi ndol e) 1,1

- Di et hyl propyl @yloalkenylQand &‘1, andPhenet hyl Cycl ohexyl

Ar. is phenyl, benzyl, pyridyl, fluorenyl,

thioindolyl or naphthyl wherein said Ar, is unsubstituted

or substituted with halo, hydroxy, nitro, C,~Cg straight
10 or branched chain alkyl, C,-Cs straight or branched chain

alkenyl, c,-C, alkoxy, C,-C, alkenyloxy, phenoxy,
benzyloxy, amino or a mixture thereof.

Specific examples of these embcdiments are presented

in TABLE I.
15
IABLE I
No. n X Z R, R,
20 1 1 0 CH, 3-Phenylpropyl 3-3-Dimethyipentyl
2 1 0 CH, 3-(3-Pyridyl)propyl 3-3-Dimethylpentyl
3 1 0 CH, 3-Phenylpropyl tert-Butyl
4 1 o CH, 3-(3-Pyridyl)propyl tert-Butyl
5 1 0 CH, 3-(3-Pyridyl)propyl Cyclohexyl
25 6 1 O CH, 3-(3-Pyridyl)propyl Cyclopentyl
7 | 0 CH, 3-(3-Pyridyl)propyl Cycloheptyl
8 1 0] CH, 2-(9-FluorenyDethyl 3,3-Dimethylpentyi
9 1 0 S 2-Phenethy!l 3,3-Dimethylpentyi
10 2 o) S 2-Phenethyl 3,3-Dimethylpentyl
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13 2 0 S
2- Phenet hyl

3- (4- Met hoxyphenyl ) pr opyl

4- (4- Met hoxx\ﬁ)hgeélrig’las but yl

4- Phenyl buty

2- Phenet hyl

Phenyl

1, 1- Di et hyl pr opyl
1, 1- Di et hyl pr opyl

tert-Butyl 14 2

5 15 1
16
17

1, 1- Di net hyl propyl 18

4- Phenyl but yl Phenyl
tert-Butyl 10 20 1 S
1, 1- Di et hyl pr opyI 21 1 S
1, 1- Di et hyl propyl 22 2 S
1- Dlmethylprop)lll 231 2 O SS
1- Di net hyl prop 2

1, 1- Di net hyl pr?)ipyl f 5 o 25 S
Cycl ohexyl 26 132

0 CHR[ err] Phegyl pr8py

S 2- Phenet hyft

3- Phenyl py opy! 15
3- Phenyl pr opyl

3-(3-Pyridyl ) piépyl 2

Oycl onexyl 34 17 12 o 05 T emaypnet 33D n‘%m@{:}fn@%%i’ﬁty%mpw
2'5 35 118 so TH3- Iaymedyllbmlopyl Enepyohexyl 36 1
g 3-Di phenyl prg%phegyl Ior‘(%lcl ﬁrp@m}lb‘?‘ym Y pmpé»l?yc?ohexy! ' )
3 ﬁexltﬂgﬁgr)hwyl 1 s L L Hfsltyﬂeaylamw propyl 30 3 piddiyipnyl  ©
2 1 S S 2-Phenethyl 3,3-Dimethylpentyl
22 2 S CH. 3-Phenylpropyl 3.3-Dimethyipentyl
23 2 S S 2-Phenethyl 3,3-Dimethylpentyl
24 2 0 CHR, 3-Phenylpropyl 3.3-Dimethylpentyl
15 25 2 8] CHR, 3-Phenylpropyl Cyclohexyl
26 2 0] CHR, 3-Phenylpropyl Phenyl
27 2 0] CHR, 3-Phenylpropyl 3,4.5-Trimethoxyphenyl
28 1 0O S 2-Phenethyl Cyclopenty!
29 2 O S 3-Phenyipropyl tert-Butyl
20 30 1 0] S 3-Phenylpropyl 3.3-Dimethylpentyl
31 1 0] S 3-{3-Pyridyl)propyl 3,3-Dimethylpentyl
32 1 0 S 3-Phenylpropyl Cyclohexyl
33 1 0] S 4-Phenyibutyl Cyclohexy!
34 1 O S 4-Phenylbutyl 3,3-Dimethylpentyl
25 35 1 O S 3-(3-Pyridyl)propy! Cyclohexyl
36 1 O S 3,3-Diphenylpropyl 3.3-Dimethylipentyl
37 1 0 S 3,3-Diphenylpropyl Cyclohexyl
38 1 0 S 3-(4-Methoxyphenyl) 3.3-Dimethylpentyl
propyt
30 39 2 0] S 4-Phenylbutyl tert-Butyl
e T This Sheet Has Been Replaced
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ot er tegut vy (a2
1,1- Dﬁrret h(yll%Etho

o1,

19 2 0
CH err]

CH err]

e fr LT S

nyl pr opyl
R 3- Phenypﬁﬁ‘lngl

serap—— = T

CH err]
0 CH2

0 CH err]
0 PCRAIIME32
CH2 4- Phenyl but yl
3- Phenyl pr opyl
S 2g Phenet hyl
3- Phenyl pr opyl
S MethgKRiteointddly)

, Trecdinh®
2 00 Gﬂerrz Pﬁcn?ih?ﬂ)" propyl
3,4,5-Tri net hoxyf)th

S ¢y cl2oBearesyl 29

ﬂﬁ)g_nl_yl)pr&wl 3 QODunc Ipentyl

| Cli nﬂt-ﬁyMpmompheﬂﬂ)buxyll 3.3-Dimethyipentyl

3,3-Dimethylpehtyl

Bhenyl S

Phenyl

1,

27 2

1 0




2

17 40 2 0 S 1, 5- Di phenyl - 3- pentyl 1, 1- Di et hyl propyl 41
0 S 1, 5- Di phenyl - 3- pent yl Phenyl 42 2 0 S
3- (4- Met hoxyphenyl ) 1, 1- Di et hyl propyl : propyl 5 43 2 0
3- (4- Met hoxyphenyl ) Phenyl propyl 44 2 0
3- 1 Napht hy& m 1, 1-Dinmethyl propyl 45 1 PCTES97/15832
3, 3 Di (4-fl uoro)phenyl - 1, |-Di nethyl propyl propyl 10 46 1 0
4,4-Di (4-fl uoro).phenyl - 1, 1-Dinethyl propyl butyl 47 1 0 S
3- (1- Napht hyl ) pr opyl 1, 1- Di et hyl pr opy1'7 48 1 0 S
2, 2- Di phenyl et hyl 1, 1-Di net hyl 0 S
2. 2-Diphenyl ethyf0 2 101.piSwe th}bgpéﬂb?wlwt}’l 50 333-Dm19ﬂ1ylpe$yl
3, 3- Di phenyl propy , 1D et Pg;
3-(4-{Trifluor orrel hyI% é1, mstl% ro emg“ﬁenyl ) pr 059 I 52 1 0
S 3-(2- Napht h$2) prdpyl O ,1 D3Fté¥MqthqmyppqﬂyI)53 3,3-Difethylpéntyl
3-(1- Napht hyl ) pr opyl 1,1- D| th\é fpyl 2 54 1 0 S
3-(3-Chl oro) phenyl propyl 1, 1- WD P8t opy!| 55 1 0 S
3-(3-{Triflguorongs hyl }- 01, S Di mataNI@hesipherddineny | )mﬁwl 56 1
S 3- (2- Bi phenyl ) propyl 1, 1-D nethyl propyl 57
3- (2- Fl uor ophenyl ) propyl 1, 1- Di met FjaP¥} opyl 25 58 1 0 S
3- (3- Fl uor ophenyjy pr opyl é 1gDi meghyl 23yl 3.8.Di
4- Phenyl but yl 1, 1-D net hypprﬂgﬂwbp %y ' unetﬁylpentyl
45 0 S 3,3-Di(4-fluoro)phenyl- 3,3-Dimethylpentyl
propyl
10 46 1 0 S 4,4-Di(4-fluoro)phenyl- 3,3-Dimethylpentyl
butyl
47 1 o) S 3-(1-Naphthyl)propyl 3,3-Dimethyipenty!
48 1 O S 2,2-Diphenylethyl 3,3-Dimethylpentyl
49 2 0 S 2.2-Diphenylethyl 3,3-Dimethylpentyl
15 50 2 O S 3,3-Diphenylpropyl! 3,3-Dimethylpentyl
51 1 6] S 3-(4-{Trifluoromethyl}- 3.3-Dimethylpentyl
phenyl)propyl
52 l 0] S 3-(2-Naphthypropy! 3.3-Dimethylpenctyl
53 2 0 S 3-(1-Naphthyl)propy! 3.3-Dimethyipentyl
20 54 1 0 S 3-(3-Chloro)phenylpropyl  3,3-Dimethyipentyl
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 0 S 3,3-Dimethylpentyl
25 38 1 0 S 3-(3-Fluorophenyl)propyl  3,3-Dimethylpentyl
59 2 0 S 4-Phenylibutyl 3,3-Dimethylpentyl
60 2 0] S 3-Phenyipropy! 3,3-Dimethylpentyl
61 1 (0] S 3-(2-Chloro)phenylpropyl  3,3-Dimethylpentyl
62 2 0] S 3-(3-Chioro)phenylpropyl  3,3-Dimethylpentyl
30 63 2 0] S 3-(2-Fluoro)phenylpropyl  3,3-Dimethylpenty!
is Sheet Has Been Replaced }'Tg!}‘:;ilv -:-:......;:; ;‘
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60 2 0 S 3- Phenyl pr opyl 1, 1- Di et hyl propyl 61 1

0 S 3-(2-Chl oro) phenyl propyl 1, 1-Di net hyl propyl 62 2 0 S

3- (3-Chl oro) phenyl propyl 1,1-Di nethyl propyl 3 0 63 2 0 S
3-(2-Fluoro | propyl 1, 1-Dinethyl propyl 18 64 2 0 S

3-%3- FI uoro%l}gﬁ%gropyl 1, 1-Dinethyl propyl 65 1 0 PCT/U§97/15832

3-(3, 4- D net hoxyphenyl )- 1, 1-D nethyl propyl propyl 66 1 0 CH2

3- Phenyl pr opyl Cycl ohexyl 5 67 0 CH2 2- Phenyl et hyl
tert-Butyl 68 2 0 CH2 4- Phenyl bug_yl Cycl ohexyl 69 2 0
CHR[ err] 2-Phenyl et hyl tert-Butyl 70 1 0 CH2

Serr] 5 Pangepr o o e pe S Dimeigendl  ©

err en ro

exanpl es of TAB)IéEp gre nSred %s fo-'i &g@un%@gxyppegyl)- 3,3- Dlmth)hylpentyl

(25) -3, 3-di met hyl - 1-[ 2- (5- phenyl perrgmgy! ) pyrrolidinyl]pentane-1, 2-dione 2
(2S) -3, 3-di net hyl 2-(5-(3-p rldyl ent anoyl )

pyrrolidinyl] peﬁﬁaneﬁl 2-Hi oneé Hz) enylpropyl Cyclobexyl

(2S) - 2- ({ k= oxo- Frphenyl ) - gent yhgl- ( hyl - 20
1, 2-di oxolj)sutyl )ggrrolﬁll di ng éH ggg%ﬁieﬁt hyl tert-Buryl

(2[err]) 1- (3, 368 meihyl -9, 2- @prdp%hﬁnylb)uyk pyrrol i di Qpdetiergt hi oate 10
2-Phenyl -1 -ethykg1- (3, 3- gpmet e, nglge'nofégpFnt yh)- tert-Buryl
70 1 o) CH, 3,3-Di(4-fluorophenyl)- 3,3-Dimethylpentyl
propyl
10 71 2 0 CH, 3-Phenylpropyl 3,3:-Dimethylpentyl

The most preferred examples of TABLE I are named as
follows:
15 1 (25)-2-({{1-Ox0-5-phenyl}-pentyl-1-(3,3-dimethyl-
1l,2-dioxopentyl)pyrrolidine
2 3,3-Dimethyl-1-[(25)-2-(5-(3-pyridyl)pentanoyl)-1-
pyrrolidine] -1,2-pentanedione
3 (25) -2-({1-Ox0-4-phenyl}-butyl-1-(3,3-dimethyl-1,2-
20 dioxobutyl) pyrrolidine
9 2-Phenyl-1-ethyl 1-(3,3-dimethyl-1,2-dioxopentyl) -
2-piperidinecarbothiocate
10 2-Phenyl-~-l-ethyl {28) -1-(3,3-dimethyl-1,2-
dioxopentyl) -2-pyrrolidinecarbothicate
25 11 {(3-Thioindolyl}methyl (28)-1-(3,3-dimethyl-1,2-
dioxopentyl) -2-pyrrolidinecarbothicate
12 2-Phenyl-l-ethyl (28)-1-(2-cyclohexyl-1,2-

dioxopentyl} -2-pyrrolidinecarbothicate
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2- pi peri di necar bot hi oate 25 11

1- (2- benzo[ b] t hi ophen-3-yl net hyl t hi o) car bonyl ]

pyrrolidinyl}-3, 3-di net hyl pent ane-1, 2-di one 12 2- Phenyl - 1- et hyl
(2S)-1-(2-cy fﬁ?ﬂﬂ 1, 2- di oxoet hyl)-2-pyrrolidi necarbot hi
2-Pheny|-|-e§t 1- (2 phenyl - -1, 2- di oxoet hyl ) - 2- plperldgﬁbggpggéﬁloate
28 2- Phenyl - | - et hyl (2S)-1-(l-cycl opentyl -1, 2-

di oxoet hyl ) - 2-pyrrolidi necarbot hi oate 5 29 3- Phenyl - 1- pr opyl

1- (3, 3-di net hyl -1, 2-di oxobutyl)- 2-piperidPnecarbot hi oate 30

3- Phenyl - | - pr opyl 2 rr] 1-(3, 3-di net hyl -1, 2-

di oxopentyl ) - 2- rro?F&P%E%arbo ikt e §T(2‘?hﬁ9yﬁyirayﬁ}OﬂpﬁﬁthM -2~
(2S)-1-(3, 3-di net hyl

di oxopentyl) - 2- pyrroP| |néég?% ?%ﬁﬁloéif 3- Phenyl - 1- propyl
(2S)-1-(2-cycl obgxyl 21 p2a )} 10X0. dine t hi oat 3
4- Phenyl -1 - but yl ed?].(é%%%%%ohexy?gg 3 (Q‘E¥é¥%pen€yf i 2-
di oxoet hyl ) - 2- pyrrol adbsasgaﬁ@a:)hiznqiﬁrb‘ildmeéérboénf‘@m |-1-butyl
(2S)-1-(3,3-dinethyl-1,2- di oxopentyl)-2-pyrrolidinecarbothioate 35

3-(3-Pyri@yl) -1 20r opytPhelPh): dpxcpydy dl-dBesyithefhyl -1, 2-dioxobutyl) -
di oxoet hyl ) -2-pyrrolidi necarbothi oate 36 3,3-D phenyl-l-propyl
(2S)-1-(3, 3- d|nEthy|2192pegmﬁlnecarbothloate

di oxopent yl ) - 2- errog ghn l““g?&?@f (25)-1-(3,3-dimethyl-1,2-
dicxopentyl) -2-pyrrolidinecarbothiocate
31 3-(3-Pyridyl) -1-propyl (25)-1-(3,3—dimethyl-l,2-
10 dioxopentyl) -2-pyrrolidinecarbothioate
32 3-Phenyl-1-propyl (258)-1-{2-cyclohexyl-1,2-
dioxoethyl) -2-pyrrolidinecarbothioate
33 4-Phenyl-1-butyl (28) -1-({2~cyclohexyl-1,2-
dioxoethyl) -2-pyrrolidinecarbothioate
15 34 4-Phenyl-l-butyl (25)-1-(3,3-dimechyl-1,2-
dicxopentyl) -2-pyrrolidinecarbothioate
35 3-(3-Pyridyl) -1-propyl (25)-1-(2-cyclohexyl-1,2-

dicxopentyl) -2-pyrrolidinecarbothiocate

36 3,3-Diphenyl-1-propyl (28} -1-(3,3-dimethyl-1,2-
20 dioxopentyl) -2-pyrrolidinecarbothicate
37 3,3-Diphenyl-1-propyl (28} ~1-({2~cyclohexyl-1, 2-

dioxopentyl) -2-pyrrolidinecarbothiocate
38 3- (para-Methoxyphenyl) -1-propyl (28)-1-(3,3-
dimethyl-1, 2-dioxopentyl) -2-pyrrolidinecarbothiocate
25 39 4-Phenyl-1l-butyl 1-(1,2-dioxo-3,3-dimethylbutyl) -

2-piperidinecarbothioate
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37 3, 3- D phenyl - 1- pr opyl (2S)-1-(2-cycl ohexyl -1, 2-
di oxoet hyl ) -2-pyrrolidi necarbot hi oate 38 3- ( par a- Met hoxyphenyl ) - 1- pr opyl

(2S)-1-(3,3- dinethyl-1, 2-di oxopentyl)-2-pyrrolidinecarbothioate 25 39
4- Phenyl - 1-butyl 1-(1, 2-di oxo- 3, 3-di met hyl butyl) - 2-piperidi necarbot hi oate
20 40 1, SW%HMI - 3-pentyl 1- (3, 3-di et hyl - 1, 2- PCT/US97/15832

di oxopentyl ) - 2- pi peri di necar bot hi oate 41 1, 5- Di phenyl - 3- pent yl

1- (2- phenyl -1, 2- di oxoet hyl ) - 2-pi peri di necar bot hi oate 5 42

3- (par a- Met hoxyphenyl ) -1 - propyl 1-(1, 2-diz@xo- 3, 3-

di et hyl pent yl ) pi peri di ne- 2- car bot hi oate 43

3- ( par a- Met hoxyfthenyd )St+Dppdeylyl - 1-penplydnyl - 1-23,3-dimethyl-1, 2-

di oxoet hyl) pi peri di ng- 2- car bot hi oate 44 _ 3-(1-Naphthyl)-I-propyl

1- (3, 3- di met hyl - 1, 2-33QFopentyl) -2gpiRepifineganhsnstiigiate 2- car bot hi oat e 45

G 0P L B e B 50,
g%g;ogng Bnoy! ; l g%;?%@#ﬁ%ﬁk 53t %u‘%%?ie‘ﬁfg@éM"ﬁi"%?( 1- Napht hyl ) -1 - propy!
L5k s s te £,
oxopent anoyl ) - 2- pyr rilriethgepanbpl iy Deé 1 dithe - 2,carBophesyt et hyl
(2S)-1-(3, 3-di net hyl - 2-
43 3- (para-Methoxyphenyl) -1-propyl 1-(2-phenyl-1,2-
dioxoethyl)piperidine-2-carbothicate
44 3-(1-Naphthyl) -1-propyl 1-{(3,3-dimethyl-1,2-
10 dioxopentyl)piperidine-2-carbothioate
45 3,3-Di{para-fluoro)phenyl-1-propyl (28) -1-(3,3-
dimethyl-1,2-dioxopentyl) -2-pyrrolidinecarbothicate
46 4,4-Di(para-fluorcphenyl)butyl 1-{3,3-dimethyl-2-
oxopentanoyl) -2-pyrrolidinecarbothicate
15 47 3-{(1-Naphthyl)propyl (25)-1-(3,3-dimethyl-2-
oxopentanoyl) -2-pyrrolidinecarbothicate
48 2,2-Diphenylethyl (25)-1-(3,3~-dimethyl-2-
oxopentanoyl) tetrahydro-1H-2-pyrrolecarbothiocate
49 2,2-Diphenylethyl {25)-1-(3,3-dimethyl-2-
20 oxopentanoyl) -2-piperidinecarbothicate
50 3,3-Diphenylpropyll- (3, 3-dimethyl-2-oxopentanoyl) -
2-piperidinecarbothicate
51 3-[4-(Trifluoromethyl)phenyllpropyl (28)-1-(3,3-
dimethyl-2-oxopentanoyl) -2-pyrrolidinecarbothicate
25 52 3-{2-Naphthyl)propyl {28)-1-(3,3-~-dimethyl-2-

oxopentancyl) -2-pyrrolidinecarbothioate

This Sheet Has Been Replaced THIS SHEET HAS BEEN

HEEEL RePLACED




20 oxopent anoyl ) - 2- pi peri di necar bot hi oate 50 3, 3- Di phenyl propyl
1- (3, 3-di net hyl - 2- oxopent anoyl ) - 2-pi peri di necar bot hi oate 51
3-[4-(Trif|uoronethyl)phenyl]propyl (2S)-1-(3, 3-

di net hyl - oyl )-2-pyrrolidinecarbot hi oate 25 5
3- (2- Napht hywﬁrwoipﬁyxp (2S) - 1- (3, 3- di net hyl - 2- Ferussnse?
oxopent anoyl ) - 2- pyrrol i di necar bot hi oat e 21 53 3-(1- Napht hyl ) -1 - propyl
1- (3, 3-di net hyl - 2- oxopentanoyl)-Z-piperidinecarbothioate 54

3- (3- Chl or ophenyl ) propyl (29)-1-(3, 3- dim&thyl

oxopent anoyl ) - 2n€¥rrol|d|necarboth|oate 5

3-[3-(Trifluoronmethyld %WWWP(YJS)-H%% -?,1 -1-(3,3-dimethyl-2-

di met hyl - 2- oxopent anq LI Lnecar t hi oat.e
3- (2- Bi phenyl ) pr opy! aQapé%t%é i ?3 é %ﬁ %?oé%loate

(291 (5 % i merhyl 5 ‘5'1'@%%95@*‘99*% %?x oy 5P O EAFREBEE BT hi oat ¢

58  3-(3- Fluorophenyi eR¥ho l(zﬁgp féﬁf&iﬂé@ﬂ%ﬁﬁkhaoate
oxopent anoyl ) - 2- pyrrol i di necar othloa e 59 4- Phenyl but yl

1- (3, 3-di n&t hyl 525oxdpe[rst—drrmyf).uaroxpeneﬂ)Cbmwlibﬁ‘bbwate(ig) 1-(H03-
3- Phenyl propyl 1-(3, 3-di net hyl - 2- oxopent anoyl ) - 2- plperldlnecarbothloate 61

3- (2- Chl or ophenyl ) pr &fyrethyl 22y oxopenantiyigt-¥ypyrrolidinecarbothicate

oxopent anoyl ) - 2-pyrr Ildlnec r bot hi oat e
P yl)- 5?' % Blﬁ%enyfspropyl (25)-1-(3,3-dimethyl-2-

oxopentanoyl) -2-pyrrolidinecarbothioate
57 3-(2-Fluorophenyl)propyl (25)-1-(3,3Fdimethyl-2-
10 oxopentanoyl) -2-pyrrolidinecarbothioate
58 3- {3-Fluorophenyl) propyl (25)-1-(3,3-dimethyl-2-
oxopentanoyl) -2-pyrrolidinecarbothioate
59 4-Phenylbutyl 1-(3,3-dimethyl-2-oxopentanoyl) -
piperidinecarbothiocate
15 60 3-Phenylpropyl 1-(3,3-dimethyl-2-oxopentanoyl)-2-
piperidinecarbothicate
61 3- {2-Chlorophenyl)propyl (28)-1-(3,3-dimethyl-2-
oxopentanoyl) -2-pyrrolidinecarbothicate
62 3-(2-Chlorcocphenyl)propyl 1-(3,3-dimethyl-2-
20 oxopentanoyl) -2-piperidinecarbothicate
€3 3-{2-Flucrophenyl)propyl 1-(3,3-dimethyl-2-
oxopentanoyl) -2-piperidinecarbothicate
64 3-(3-Fluocrophenyl)propyl 1-(3,3~-dimethyl-2-
oxopentanoyl) -2-piperidinecarbothioate
25 65 3-(3,4-Dimethoxyphenyl) propyl (25) ~1-(3,3-dimethyl-

2-oxopentanoyl) -2-pyrrolidinecarbothiocate

e s s s 1
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o s ,,‘ w.,_, f,&t.i

This Sheet Has Been Replac | HIS ui £l

T -

s ————T——

| ISR




62 3-(3-Chl orophenyl ) -1 - propyl 1- (3, 3-di net hyl -2- 20

oxopent anoyl ) - 2- pi peri di necar bot hi oate 63 3-(2-Fl uor ophenyl) propyl

1- (3, 3-di net hyl - 2- oxopent anoyl ) - 2- pi peri di necar bot hi oate 64

3- (3- Fl uor ophenyl.) propyl 1- (3, 3-di net hyl - 2-

oxopent anoyl Q?}/‘ﬂ%‘éeri di necar bot hi oate 25 65 PCT/US97/15832

3-(3, 4- D net hoxyphenyl ) propyl (2S)-1-(3, 3-dinethyl -

2- oxopent anoyl ) - 2- pyrrol i di necar bot hi oat e 22 66

(2S)-2-({1- Oxo-5-phenyl } pentyl -1-(2-Cycl opexyl -1, 2- di oxoet hyl ) pyrrolidine
67 2-(1-CXO-4-ghenyI%-but | -1- (3, 3-dinethyl -1, 2- dioxobutyl)pyrrolidine 5
68  2-({| - Oxo- B8pheh3F) =kl ~Oxq-A -Dpenyi¢ xphe 1] 2 - (H-ayebbhakypineri di ne

(3,3-i et hy1 1, 2- i SKOBRYD L gdr
0 bt byl - 1, 2 e ancal ShB) GSPr A PRSP But V171703, 3-atmetny1 -1, 2-
Vi1 15 Another preferrey shpadiaeae W Bel hound of ormuta il BC
5 68 2-({1-Oxo-6—phenyl}-hexyl-l-(3,3-dimethyl—1,2-
dioxobutyl)piperidine
69 2-({1-Oxo-[2—{2'~phenyl}ethyl]-4—pheny1}-butyl-1-
(3,3-dimethyl-1, 2-dioxcbutyl)piperidine
70 l-{(25)-2-[S,S-di(4-Fluorophenyl)pehtanoyl]-2-
10 pyrrolidine}-3,3-dimethyl-1, 2-pentanedione
71 3,3-Dimethyl-1-[2-(4-phenylpentanoyl)piperidino]—

1,2-pentanedione

FORMULA TIIX
18 Another preferred embodiment is a compound of
formula III:
B—-C
A R
\N Z Rj
20
0
o IIX
Ra
25 or a pharmaceutically acceptable salt thereof, wherein:

This Sheet Has Been
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[err] 2 or a pharmaceutically acceptable salt thereof, wherein: WO
98/ 13343 PCT/ US97/ 15832 23 A B,

C and D are independently CHerr], O S[err] SO SOerr] NHor NR2; Xis O
or S, Zis S [err], CHR or C(Rerr])[err]; 5 rr] is
C[err]-C[err]B%sés]nggs'ht or branched chain al kyl or al kenyl, m’&?%@’
substituted in one or nore position(s) with (Ar[err])[err] (Ar[err)[err]
connected by a CJerr]-Cerr] straight or branched chain al kyl or al kenyl,
Cerr]-Cerr] cycloalkyl, Cerr]-Cerr] cyeBoal kyl connected by a

Cerr]-Cerr] strai ght or, branched 10 chain al kyl or alkenyl, Ar2 or a
conbi nati on thereof; P] Fsardqh are fmdependentilyh 6H, @ 1S.- Gpersp,,
strai ght or branqﬁ_{e |n al kyl or alkenyl, (err]-Cerr] cycloal kyl,
Clerr]-Clerr] cyc ken§1 or Arf[err] wherein sai d al kyl, al kenyl,

cycl oal kyl or cycl oal kegyl 013 ., Is either unsubstituted or substituted in
one or nore positions vmth Cferr] Clerr] straight or branched chain al kyl

or alkenyl, hydroxyl @ ig spndi))aicke éf‘Qf@@z ;and Arferr] and Ar[err] are
|ndependently a nono-, bi- or tri cyc carbo- or het erocyclic ring,
wherein théring 20 R is e:tlt-herstlmﬂ@}stl bt estricHadISEhi it ed1kpiore to
three position(s) vmth hal o, hydr ox nitro, trifluoronethyl,

alkenyl, which 15 suﬁstltuted in one or more position(s)

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

branched chain alkyl or alkenyl, C-Cy cycloalkyl, C;-C,

cycloalkyl connected by a C,-C, straight or branched

10 chain alkyl or alkenyl, Ar, or a combination thereof;

nis 1 or 2;

R; is either C,-C, straight or branched chain alkyl
or alkenyl, C,-Cy cycloalkyl, C;-C, cycloalkenyl or Ar,,
wherein said alkyl, alkenyl, cycloalkyl or cycloalkenyl

15 is either unsubstituted or substituted in one or more
position{s) with C,-C, straight or branched chain alkyl
or alkenyl, hydroxyl or a combination thereof; and

Ar. and Ar, are independently a mono-, bi- or
tricyclic, carbo- or heterocyclic ring, wherein the ring

20 is either unsubstituted or substituted in one to three
position(s) with halo, hydroxyl, nitro, trifluoromethyl,
C,-Cs straight or branched chain alkyl or alkenyl, C,-C,
alkoxy, C,-C, alkenyloxy, phenoxy, benzyloxy, amino or a
combination thereof; wherein the individual ring sizes

25 are 5-6 members; and wherein the heterocycliec ring

contains 1-6 hetercatom(s) selected from the group



Cerr]-Cerr] straight or branched chain al kyl or alkenyl, Cerr]-Cerr]
al koxy, Cerr]-Cerr] al kenyl oxy, phenoxy, benzyloxy, am no or a
conbi nati on thereof; wherein the individual ring sizes 25 are b5-6
menber s; agﬂ?pﬂé&éin the heterocyclic ring contains 1-6 _heteroato

sel ected fr

roup WD 98/13343 PCT/US9TNS832

PCT/ US97/ 15832 24 consisting of O, N, S and a conbi nati on thereof.
Particularly preferred conpounds of formula Ill are presented in TAB

5
CH2 S CH2 0

TABLE Il Ng A B C X Z Rl er
S  2-phenet hyl 3,3-dinmethyl- 10

m(s)

LE II.
r] 72

pentyl 73 CH erofsitimgHcdr 0, ®, SChhdra] cSmipiweatyidat adred£3- di et hyl -
pentyl 74 CHerr] CHerr] NH O S 2-phenethyl 3, 3-di net hyl -
15 75 CHerr] Sartgqueriyspreferred manpounds of Shsnuliaraniyhre
FORMULA 1V A furthert%&FE%r&%gL%nggglnent of this invention is 20

conpound of f or LT E

10

15

20

25

[err] 2

TABLE II
No. A B C X 2 R R,

72 CH, S CH, © S 2-phenethyl 3,3-dimethyl-
pentyl

73 CH, S CH, © CH, 3-phenylpropyl 3,3-dimethyl-

pentyl

74 CH, CH, NH O s 2-phenethyl 3,3-dimethyl-
pentyl

75 CH, S CH, s S 2-phenethyl 3,3-dimethyl-
pentyl

FORMULA IV
A further preferred embodiment of this invention is

a compcund of formula IV:

A\NJ\{(Z_R:L
OQ§7//’L§§ v

pent yl
pentyl
a



WD 98/ 13343 PCT/ US97/ 15832 25 or a
phar maceutically acceptable salt thereof, wherein: A B, C and D are
i ndependently CHerr], O S, SO SJerr], NHor NR; Xis O or

Zis S. CHe err] or C(Rerr])[err]; Rerr] is (err]- err
strai ght %%ﬁm chain alkyl or al kenyl, which i s subsPFTUPEH
or nore posrtron(s) with (A ),, (Ar[err])[err] connected by a
Cerr]-Cerr] straight or branched chain al kyl or alkenyl, Cerr]-Cerr]
cycloal kyl, Cerr]-Cferr] 10 cycl oal kgk connected by a Clerr]-(err]
straight or branched chain al kyl or alkenyl, Ar[err] or a conbination
thereof; nis 1e®# aZ,Phi[ZmEF]EutscelereacﬁmraﬂleCsaSItr ahegbeod| Whewrciied chain
al kyl or al kenyl, C[err] C[err]D cycloalkyl, derr]-Cerr] cycloal kenyl

or Ar[err], 15 vierfei i 8&dd Dajagegl 1néﬁpen9¢*ltbyc¢féal Kyl Ser soyckogl kenyl
is either unsubwttjr:t or substituted in one or nore position(s) wth
Jerr]-Cerr] strai gh 8t branched chain al kyl or al kenyl, hydroxyl or a
conbi nation thereof q_@dOABL.e r] and Ar[err] are |ndependently a nono-, bi-
or 20 tricyclic, carbo- heterocyclrc ring, wherein the ring is
either unsubstituted qg sl,rbgg;htu-_t;.ga bR @n@)to three position(s) wth hal o,
hydroxyl, nitro, trifl uoronet C[err] C’[err] strai ght or branched chain

al kyl or al kenyl, CRerris O[?e-rO;] sddedght ber raglcaed] cHdd@nNyhoxy: Rhenoxy,

fh one

benzyl oxy, am no _or a 25 conbi nation thereof; wherein the individual
ring sizes alkenyl, which is substituted in one or more position(s)
wicth (Ar;),, (Ar,), connected by a C,-C, straight or

branched chain alkyl or alkenyl, C;-C cycloalkyl, 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
alkenyl, C,-C; cycloalkyl, Cs-C, cycloalkenyl or Ar,,
15 wherein said alkyl, alkenyl, cycloalkyl or cycloalkenyl
is either unsubstituted or substituted in one or more
position(s) with C,-C, straight or branched chain alkyl
or alkenyl, hydroxyl or a combination thereof; and
Ar, and Ar, are independently a monc-, bi- or
20 tricyclic, carbo- or heterocyclic ring, wherein the ring
is either unsubstituted or substituted in one to three
position(s) with halo, hydroxyl, nitro, trifluoromethyl,
C.-C; straight or branched chain alkyl or alkenyl, C,-C,
alkoxy, C,-C, alkenyloxy, phenoxy, benzyloxy, amino or a
25 combination thereof; wherein the individual ring sizes

are 5-6 members; and wherein the heterocyclic ring



are 5-6 nenbers; and wherein the heterocyclic ring WO 98/ 13343
PCT/ US97/ 15832 26 contains 1-6 heteroaton(s) selected fromthe group
consisting of 0, N, S and a conbination thereof. Particularly preferred

compounds of_fornula IV are 5 presented in TABLE I11. TABLE 111 No. A
B C D WOPLMY o () Rlerr] 10 76 CH err] PEMPEYFS33
CHerr] O CHerr] 3-phenylpropyl 3,3-dinethylpentyl 77 CHerr] CHerr] O
CHerr] O S 2-phenethyl 3,3-dinmethyl pentyl 78 CHerr] CHerr] S

CH err] O CHerr] 3-phenylpropyl 3,3-digethylpentyl 79 CHerr] CHerr] S
CHerr] O S 2-phenethyl 3, 3-di net hyl pentyl 15 The conpounds of this

i nvention possesenasynsetl+€ detresocatends husebsrtdak firoductitk agrdust ur es
of stereoisonmers or as individual stereoisoners. The i ndi vi dual

st er eoi soners nEPREASEHREI PEL bYW uS Rgdam zombinappen ceheseofact i ve

starting material, by resolving a racemc or non-racem c m xture of an

internediate at some appropriate stage of the synthesis, or by resolving

the comound of forgubgCllary | bebfetiilerhpatdintod e bidivigual

st ereoi soners as V\B| as m X racemec a

st ereoi songers abgeggﬁegaa,ﬁGth scope of the present invention. The
conpounds of th

TABLE NI
No.A B C D X Z R R,

10
76 CH, CH, O CH,O0 CH, 3-phenylpropyl 3,3-dimethylpentyl

77 CH, CH, O CH,O S 2-phenethyl 3,3-dimethylpentyl
78 CH, CH. S CH, O CH, 3-phenylpropyl 3,3-dimethylpentyl
S CH,O S 2-phenethy! 3,3-dimethylpenty!l

79 CH, CH,

15
The compounds of this invention possess asymmetric
centers and thus can be produced as mixtures of
stereoisomers or as individual stereoisocomers. The
individual stereocisomers may be obtained by using an
20 optically active starting material, by resolving a
racemic or non-racemic mixture of an intermediate at some
appropriate stage of the synthesis, or by resolving the
compound of formula (I). It is understocod that the
individual sterecisomers as well as mixtures (racemic and
25 non-racemic) of stereoisomers are encompassed by the
scope of the present invention. The compounds of this
inventicn possess at least one asymmetric center and thus

can be produced as mixtures of stereoisomers or as



I nventi on possess at | east one asymmetric center and thus can be produced

as m xtures of stereoisoners or as WO 98/ 13343

PCT/ US97/ 15832 27 individual R and S-stereoisoners. The individual
enanti oners W"?‘ bt ai ned by resolving a racemic or non-r byture
of an interne e at some appropri- ate stage of the synthesis. It S

understood that the 5 I ndividual R~ and S- stereoisoners as well as

m xtures of stereoi sonmers are enconpassed by this invention. The S

stereoi somer is nost preferred due to its2freater activity. 10

Met hods of Using the Conmpounds of the Invention The conpounds of the

present inventi obndividual aRri neRy fOrsterectieseesi ndi hepr dndimidual
resent  in the prain. When the

| | FKBP whi ch
Pﬁ&te'ntc iuvgr cérpouﬁ%gmb;cﬂ'beﬁsol'%@é‘?s ng‘?"r%"’berda BY FREIE9 a éwrrmcf or
excel | ent “eumg&&mac afitd }ﬁ&qufﬁTQfsarﬁg%Eg%ﬁg b SeNSH lgomr asﬁ’e‘?%ﬁon he

stinul ation of amage neur ons I on O neur ona

prevention of ne&g@dﬁ%‘{@r@g e s @Qszﬁhe Tl 83t 'ﬁ%ﬁErsQI:odsf’}Yﬂ ane

neur ol ogi cal disorders known to be assoclated wth neur onal
degener ati on andigpdividiedlak - nend gpakbkesoi fotietdas @éegcwgusceaseasw he
present invention further relates to a nethod of effecting a neuronal
activity in 'an ostiemdqissoewsi skagencompassed by this invention. The S-
stereoisomer 1is most preferred due to its greater

activity.

10 Methods of Using the Com of the Invention

The compounds of the present invention have an
affinity for the FK506 binding protein, particularly
FKBP12, which is present in the brain. When the
inventive compounds bind to FKBP in the brain, they

15 exhibit excellent neurctrophic activity. This activity
is useful in the stimulation of damaged neurons, the
promotion of neuronal regeneration, the prevention of
neurodegeneration, and the treatment of several
neurological disorders known to be associated with

20 neuronrial degeneration and peripheral neuropathies.

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

administering to the animal a neurotrophically

25 effective amount of a compound of formula I, II, III or

IvV.



adm nistering to the animal a neurotrophically 25 effective anmount of a
conpound of forrmula I, I, Il or IV WO 98/ 13343

PCT/ US97/ 15832 28 In a preferred enbodi ment, the neuronal activity is
selected fromthe group consisting of stinulation of damaged neurons,
pronoti on ofWAAKEBMal regeneration, prevention of neurodeg®&EY5H2and
treatnent of 5 neur ol ogi cal di sorder. The neurol ogi cal disorders that
may be treated include but are not |limted to: trigem nal neuralgia;

gl ossopharyngeal neural gia;, Bell's Pal sy;,sgwasthenia gravis, muscul ar
dyst rophy; anyot r ophi c | ateral 10 sclerosis; progressive nuscular
atrophy;  progressinge sbyregeriraieenbodimeee | tie Al 0MRal MITIvAEGdss
ruptured or prol apsed i nvertebrate di sk syndr ones; cervi cal

spondyl osi s; petactsed @rswr ddes;grourhocansistimyutoft sdemtilacio®nof
syndrones; peripheral neuropathies such as 15 t hose caused by | ead,
dapsone, ticksSapa@efy PEHIOBE  GRIMPtEoBare® nepxanshe;regenerattion, s

di sease; and Parkinson's d quunds f the present

| sease. ghe [of0)
i nvention are BE?Y?%Eﬁ%ﬁIy°%sePﬁFr? FIEPRER TR a #ARAr oFEGRERETEI sBfder 20

sel ected 5fron1n£Q§%é§é§g£f: §5§%Egg of : peri pheral neuropathy caused by
physi cal njury or distase state, )

The neurological disorders that may be treated
include but are not limited to: trigeminal neuralgia;
glossopharyngeal neuralgia; Bell’s Palsy; myasthenia
gravis; muscular dystrophy; amyotrophic lateral

10 sclerosis; progressive muscular atrophy; progressive
bulbar inherited muscular atrophy; herniated, ruptured or
prolapsed invertebrate disk syndromes; cervical
spondylosis; plexus disorders; thoracic outlet
destruction syndromes; peripheral neuropathies such as

15 those caused by lead, dapsone, ticks, porphyria or
Guillain-Barré syndrome; Alzheimer’s disease; and
Parkinson's disease.

The compounds 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 brain damage, and
neurological disorder relating to neurodegeneration.

25 Examples of neurological disorders relating to

neurodegeneration are Alzheimer’s Disease, Parkinson’'s



traumatic injury to the brain, physical danmage to the spinal cord, stroke
associ ated with brain damage, and neurol ogi cal disorder relating to

neur odegeneration. 25 Exanpl es of neur ol ogi cal di sorders
relating t ugahpdegeneration are Al zheiner's D sease, Papki ' WO
98/ 13343 PCT/ US97/ 158%%*’959’@)?‘%&%

and anyotrophic | ateral sclerosis. For these purposes, the conpounds may be
adm nistered orally, parenterally, by inhalation spray, topically,

rectally, nasally, buccally, vaginally or ada an 5 i npl anted reservoir

i n dosage fornul ati ons containing conventi onal non-toxic

phar maceut i cal | yPhEer§f ¢t agwiotirephicadpbenml ssaberaseds cl es. The term
parenteral as used her ei n i ncl udes subcut aneous, i nt ravenous,

i ntramuscul ar, i iPFabBEFE FHEROSES . the fAompaynds 3y be administered

i nt tri | [ | d . j ial injecti

el on ¢ eon (et iy APy B 1ahRlaBEOR T sBraye) EonCRa LY ous
, | d | d he_bl - br ai

system targets fé@caqrmoum_aiﬁgg ggxfé%ggw, pegg%%ﬁ&fw \iﬂFcﬁggﬁnL%% n

barri er when peripherally adm ni Ster ound

penetrate she blimskdbiaidn hesdriwyixcain baosifectroraliyasdshai shargd, by, an
I ntraventricular route. The conpounds nmay be adm nistered in the P61 of

sterile injectabtenyangianali onsionf-goxdcanpl ghamsmcherniidad ly-acceptable

carriers, adjuvants and vehicles. The term parenteral as

used herein includes subcutaneous, intravenous,

intramuscular, intraperitoneally, inﬁrathecally,

10 intraventricularly, intrasternal and intracranial
injection or infusion techniques.

To be effective therapeutically as central nervous
system targets, the compounds should readily penetrate
the blood-brain barrier when peripherally administered.

1s Compounds which cannot penetrate the blood-brain barrier
can be effectively administered by an intraventricular
route.

The compounds may be administered in the form of
sterile injectable preparations, for example, as sterile

20 injectable aquecus or oleaginous suspensions. These
suspensions may be formulated according to technigques
known in the art using suitable dispersing cr wetting
agents and suspending agents. The sterile injectable
preparations may alsoc be sterile injectable solutions or

25 suspensions in non-toxic parenterally-acceptable diluents

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



20 I nj ect abl e aqueous or ol eagi nous suspensi ons. These suspensi ons
may be formul ated according to techniques known in the art using suitable
di spersing cr wetting agents and suspendi ng agents. The sterile
i nj ectabl e qu arations may al so be sterile injectable solutions or 25
suspensi ons M3t oxi c parenteral | y-acceptabl e diluents PET/ESWNSATS, for
exanpl e, as solutions in 1, 3-butanediol. WO 98/ 13343
PCT/ US97/ 15832 30 Anpong t he acceptabl e vehicles and solvents that nay be
enpl oyed are water, Ringer's solution andgi sotonic sodi um chloride
solution. In addition, sterile, fixed oils are conventionally enployed as
sol vents or sudypemd rdes acceprablanvehiEbest Shd SOLPOSEs @ﬁﬁttﬂﬁyﬂbéixed
a

oil such as a synthetic nono- or di-glyceride may be enpl oyed. tty acids
such as ol ei c &Fpdoyrd #rs wgbprer Rilvgeets watllutésn amt [isdcngiolsodiw | and
castor oil, especially in their pol yoxyethylated versions, are useful in
the preparati oﬁ?’g‘ﬁnd\é 8??"?71}%‘& abte@ddithere #erida ufitsad oilswspensi ons
the compounds Fey BavREHRLTY T BRRPYER) |57 pRbvineRy oFF cpemmaeingani et L
agueoUs SUSPENGeIGm! SPLH! LRI pUARIE.S Y HEAREAEBRCE Ll LISl ag  SUCH
as lactose and corn starch, and/or 1ubricating agents such as éﬁ%5|um
stearate. Capsw egnthytionictd? Oil &LrgB/ddildednag bachRieyald Fdred. corn
starch. acids such as oleic acid and its glyceride derivatives,
including olive oil and castor oil, especially in their
polyoxyethylated versions, are useful in the preparation
10 of injeccables. These oil solutions or suspensions may
also contain long-chain alcohol diluents or dispersants.
Additionally, the compounds may be administered
oraily in the form of capsules, tablets, aqueous
suspensions or solutions. Taklets may contain carriers
15 such as lactose and corn starch, and/or lubricating
agents such as magnesium stearate. Capsules may contain
diluents including lactose and dried corn starch.
Aqueous suspensions may contain emulsifying and
suspending agents combined with the active ingredient.
20 The oral dosage forms may further contain sweetening
and/or flavoring and/or coloring agents.
The compounds may also be administered rectally in
the form of suppositories. These compositions can be
prepared by mixing the drug with a suitable non-

25 irritating excipient which is solid at room temperature,

but ligquid at rectal temperature and, therefore, will



Aqueous suspensi ons may contain emulsifying and suspending agents

conbined with the active ingredient. 20 The oral dosage fornms may
further contain sweetening and/or flavoring and/or coloring agents. The
conmpounds ma e adm nistered rectally in the formof suppositories.
These conpositions. ¢an be prepared by mixing the drug with & E?P’E"a’ﬁ‘f"‘é non-
25 irritating excipient which is solid at roomtenperature, but liquid
at rectal tenperature and, therefore, wll WO 98/ 13343

PCT/ US97/ 15832 31 nelt in the rectumto rellease the drug. Such materials
i ncl ude cocoa butter, beeswax and Eol yet hyl ene gl ycols. Furthernore, the
conpounds nay be™Skfmi i E8CEUpi Bl Foleasp dhanldmuarhefuchemabadialons

addressed for 5 eatnent .ipvol ve,areas or organs readily accessible by
t opi cal appl i cat}%Cnl,l}dlengot%fanﬁug%ﬁfm BYFTuEx cﬁ’gfgrpg&@t&ylﬁﬁg gyecolde skin
or the |ower intestigat Suiabl “;&Qf' tigns.can be readily
prepared for each ofa?hgégﬂgéee'as&%% & n%%lorﬁ%é’g?cl?gl §§BFP&§??5‘?§to t he
eye, or opht hal nidpiusa.lyt hespeapPauDEswkad df fQmathaiad Qﬁdg%%éé) | zed

suspensions in isotonic, pH adjusted sterile saline, or, pr rably,” as a
solution i% isotwrearmept ddyvoivedasésside amfanze reaidile’ avbbls H1MEBpoUt a
preservative 15 such as benzyl al koni um chl ori de. Al ternatively, the
topical application, including neurological disorders of
the eye, the skin or the 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 a solution in isotonic, pH adjusted
sterile saline, either with or without a preservative
15 such as benzylalkonium chloride. Alternatively, the
compounds wmay be formulated into ointments, such as
petrolatum, for ophthalmic use.
For topical application to the skir, the compounds
can be formulated into suitable ointments containing the
20 compounds suspended or dissolved in, for example,
mixtures with one or more of the following: mineral oil,
liquid petroclatum, white petrolatum, propylene glycol,
polyoxyethylene polyoxypropylene compound, emulsifying
wax and water. Alternatively, the compounds can be

25 formulated into suitable lotions or creams containing the

active compound suspended or dissolved in, for example,



conpounds may be formulated into ointnents, such as petrolatum for
opht hal m ¢ use. For topical application to the skin, the conpounds can be

formul ated into suitable ointnments containing the 20 conmpounds
suspended 9or dissolved in, for exanple, mxtures with one or nore of
the foll owi W¢?H¥Hral oil, liquid petrolatum white petr RGHUSNNBBDpyY| ene
gl ycol, pol yoxyet hyl ene pol yoxypropyl ene conpound, emnul sifying wax and

wat er . Alternatively, the conpounds can be 25 formul ated into
suitable lotions or creans containing thgsactive conpound suspended or

di ssolved in, for exanple, WO 98/ 13343

PCT/ US97/ 15832 &2mixuire wife ot efemOkeOf crid £ dwlldAWiige i ngE gl oi |,
sorbitan nonostearate, polysorbate 60, cetyl ester waX, cetearyl altohol
2- oct yl dodecano$orivitaty Imciosslearatind palpsorbate 60, cetoi eakedpphication
to the lower intestinal tract can be effected in a rectal suppository
formul ations (sEEFeRINe)2isohat s (3 wasvd dederanedr nbeazybnalcdixshgend evel s

on the order cﬁw$§x§u 0.1 ng to about 10,000 ng of the active ingredient
conpound are usetui-in 10 the treatnment of the above conditions, with

Pnar odi ont.  hat - mauCBe b r R e LB P e T R pPoeiie o
singl e dosage fwy nef¥ddta@ldn a rectal suppository formulations (see
above} or in suitable enema formulations.

Dosage levels on the order of about 0.1 mg to about
10,000 mg of the active ingredient compound are useful in

10 the treatment of the above conditions, with preferred
levels of about 0.1 mg to about 1,000 mg. The amount of
active ingredient that may be combined with the carrier
materials to produce a single dosage form will vary
depending upon the host treated and the particular mode

15 of administration.

It is understood, however, that a specific dose level
for any particular patient will depend upon a variety of
factors, 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 excretion; drug combination; the severity of the
particular disease being treated; and the form of
adminiscration.

The compounds can be administered with other

25 neurotrophic agents such as neurotrophic growth factor

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



dependi ng upon the host treated and the particul ar node 15 of
admnistration. It is understood, however, that a specific dose |evel for
any particular patient will depend upon a variety of factors, including the

activity of Wb? i fic conpound enpl oyed; the age, body \r{?! gg% er al
heal th, sex an Bé% diet of the patient; the tinme of admhi ?’é |%n; t he
rate of excretion; drug conbination; the severity of the particul ar di sease
being treated; and the form of adm nistration. The conpounds can be

adm ni stered with other 25 neur ot r ophi3@ agents such as neurotrophic
growt h factor (NgEF), glial_derived growh factor, brain derived growh
WD 98/ 13343 factor, ciliary neurotrophic factorp@niUgerteE888iR33f act or,

ciliary neurotrophic, factor and neurqtropin-3. The dosage | evel of other
neur ot r ophi ¢ dr uglée vﬁqﬁag&eéﬁﬁafuﬁgﬁﬁ ¥ ?‘SEFBF?B’F%%%S)/%@& geperd t he

t hi ff ' h L ' i on._ Ph tical, .
Composi {1 ons of | TE | Auenaean g oy SeufEY woBrd S B 15 ReREbLEShnte

pharmaceuti - cal e £EUMOSIdrcd’ 68MBRESERGy ddnbindtayt rophically effective
anount of the 10 conmpound of forrmula I, Il, Ill or IV, and

(i11) a phasmaceutically acceptable carrier. The above discussion relating
to the utility and
Pharmaceutical Compositions of the Invention
The present invention alsoc relates to a pharmaceuti-
cal composition comprising:
(1) a neurotrophically effective amount of the
10 compound of formula I, II, III or IV, and
(ii) a pharmaceutically acceptable carrier.
The above discussion relating to the utility and
administration of the compounds of the present invention
also applies to the pharmaceutical compositions of the

15 prasent invention.

Examples

The <ollowing examples are illustrative of the
present invention and are not intended to be limitations
20 thereon. Unless otherwise specified, all percentages are

based on 100% by weight of the final compound.



adm ni stration of the conpounds of the present invention also applies to

t he pharnmaceutical conpositions of the 15 present invention. Exanples
The foll owi ng exanples are illustrative of the present invention and are
not intended to be |limtations 20 t hereon. Unl ess ot herw se specifi ed,

al | percent W§&813¥@ pased on | 00% by wei ght of the final c't%@ﬁ?ﬂ’éﬁ”z 34
EXAMPLE 1 Synthesis of (2S) -2- (1-oxo-5-phenyl)-pentyl-1-(3,3- dinethyl-1,
2- di oxopentyl ) pyrrolidine (1)

(2S) - 2- (1-oxo-5-phenvl ) pentyl - N-benzvl pyggol idine. 5

1- chl or o- 4- phenyl butane (1.78 g; 10.5 mml) in 20 nL of THF was added to
0.24 g (10 nmmol ) of magnesi um t ur ni ngsxaMpr®0 1ML of refl uxi ng THF. Af ter

t he additi.on was conplete t he n1xture was refluxed for an additional 5
hours, and then Spimlth )\l f S £ RXOE A }
N—benzyl L-proline eth I i n 100 nL of THF. After 2
hours of further refl 23= o¥a RV EEE ae dd)with 5 [err]nl
of 2 N HCL. The 9}00 nL) and
washed with satura .

5 o e & EPEPERT A *‘Pf’f?%@%% {5y %s% %W%?%?ﬁ%&%ﬁé@s”g i

oil, [err]H NWaQ%&@rﬂd 0.3405 (10 mmol) of magnesium turnings in 50

mL of refluxing THF. After the addition was complete,
the mixture was refluxed for an additional 5 hours, and
then added 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 reflux, the mixture was cocled
and treated with 5§ mL of 2 N HCl. The reaction mixture
was diluted with ether (100 mL) and washed with saturated
NaHCO,, water and brine. The organic phase was dried,
15 concentrated and chromatographed, eluting with 5:1
CH,Cl,:EtOAc to obtain 2.05 g (64%) of the ketone as an
oil, 'H NMR (CDCl,; 300 MHz): 1.49-2.18 (m, 8H); 2.32-
2.46 (m, 1H); 2.56-2.65 (m, 2H}; 2.97-3.06 (m, 1H); 3.17-
3.34 (m, 1H); 3.44-3.62 (m, 1H); 4.02-4.23 (m, 2H); 7.01-
20 7.44 {(m, 10H).
S5)-2-{1-oxo-4-phenvl olidine. The ketone
compound (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
25 the solvent was removed in vacuo. The Zree amine was

obtained as a yellow oil (230 mg; 100%), 'H NMR (CDCL,;

BEEN
This Sheet Has Been Replaced THIS S;{EE‘EEA}SQS

TR




MHz) : 1.49-2.18 (m 8H); 2.32-2.46 (m 1H); 2.56-2.65 (m 2H); 2.97-3.06
(m 1H); 3.17-3.34 (m 1H); 3.44-3.62 20 (m 1H); 4.02-4.23 (m 2H);
7.01-7.44 (m 10H). (2S)-2-(1-o0xo0-5-phenyl)pentyl pyrrolidine. The ketone
conpound (50Quasesedd pal | adi um hydr oxi de (20% on car bon, P

hydr ogenated at 40 psi in a Paar shaker overnight. The ca yst

renoved by filtration and 25 the solvent was renoved in vacuo. The free
am ne was obtained as a yellow oil (230 ng; 100%, [ewr]H NVWR (CDCl[err];
REPLACEMENT SHEET 35 300 M—Iz) 1. 75 23534 (m 10H) 2.55 (m 2H),; 2. 95
(dm 1H); 3.45-3 1H) ; 05 (m 2S) -2-

(1- oxo- 5- phenyl )3§§ é‘@%’ : 175"22 tﬂ%x@‘ 2 lqlﬁit'h(%c ét I‘B‘H )[3 roRi-8Endédm, To a

sol ution of (2S) X nyl ) pen roljdine (230 ng;, 1.0
mmol) in CHA 2%%y n{)é a 2 ﬁer’r?g?waé dihédp%ﬁ) -}gg ‘Fet B8 oxal yl
chloride (135 ng; 1.k bl (1AFE @5 -SLidKa RG] o t he
reacti on was quenched vmth saturate

‘ indri edoaad semueeahratedzf) Thegrude

washed with wat (81 3is
resi due was purlfled on a silica gel colum, eluting with
CH err]O[&rr]: E?@x[%-rnl]enwé)bbt:xlnysmln@rm tl23Ooxmgut e a5 amelLeariwi |
(98%, [err]H NNRE%:Dé:I%Jerr 300 MH err]) 1.68 (m 4H); 1.91-2.38 (m
4H); 2.64 (t, 21y 8Fm ) wasg, ‘Addegt 8@r°I€‘§lS%I—Fnsbhnlr)>anJﬂ
4.16 (m 2H); 4. c%%.::(rrgdelw)l.’:!S?m%? £n1 rrmll_gl) .7 2A t<em stlrrlng at 0°C for
2 hours, the reaction was quenched with saturated NH,CL
and the organic phase was washed with water and brine and
10 ried and concentrated. The crude residue was purified
on a silica gel column, eluting with 20:1 CH,Cl,:EtOAc to
obtain 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
(¢, 2H); 3.66-3.80 (m, 2H); 3.77, 3.85 (s, 3H total);

15 4.16 (m, 2H); 4.90 (m, 1H); 7.16 (m, 3H); 7.27 {(m, 2H).

dioxopentvl)pvrrolidine (1}. To a solution ¢f the

oxamate above (250 mg; 0.79 mmol) in anhydrous ether (15
mL), cooled to ~ 78°C, was added 1,l-dimethylpropyl-
20 magnesium chloride (0.8 mL of a 1.0 M solution in ether;
0.8 mmol). After stirring the resulting mixture at -78°C
for 2 hours, the reaction was quenched by the addition of
2 mL of saturated NH,Cl, followed by 100 mL of EtOAc.
The organic phase was washed with brine, dried,
25 concentrated, and purified on a silica gel column,

eluting with 50:1 CH,Cl,:EtOAc. Compound 1 was obtained
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(2S) -2- ({ 1-oxo-5-phenyl -pentyl-1- (3, 3-dinethyl-1, 2-

di oxopentvl ) pyrrolidine (1). To a solution of the oxamate above (250
ng; 0.79 nmmol) in anhydrous ether (15 nlL), cooled to - 78[err]C, was added
1, 1- dlnethy r o *M magnesi um chl oride (0.8 nL of a 1.0 Msolution in
et her M fter stirring the resulting nixture at RCERYEAEER tor 2
hours, the reacti on was quenched by the addition of 2 [err]L of saturated
NH[err]d, followed by 100 [err]L of EtOA[err]. The organic phase was
washed with brine, dried, 25 concentrgged, and purified on a silica
gel colum, eluting with 50:1 CH err]C[err]:EtQAlerr]. Conpound 1 was
obt ai ned 36maacd.lega:r odll, IZQOngrg,‘H- NMRIVRCDEDC1 Benr Mu300 Miergd): 8
0.87 (t, 3H, J=7.5) 1 22 (s, 3H) 1.25 (s, 3H) ; 1.67 (m 4H); 1.70-2.33
(m 6H) 2.61 (t&. 3H, b=7.3): 13292((sm3I2H) 1.2511s¢t3ERHL 536 (@) ;4R). 52 (m
1H); 7.16-7.49 ( Cal cd. _for err] err]NJerer] - HO
C, 7037 H, 81829°§H)3§7@' ﬁéﬂndzﬁ}4@ r?:sts 3J EAMIE 2

Synt hesi s of 2-phen 4 1zeéh g %CE%TEgthE})Z'yl_L -7.49 (m, S5H).

droxopentyl) 2-pyrroli 'dlnec rBotHi‘oa

Met hvl (25 - 1- (hnadi @a0cd- MebROXYel ME.) = 2m,dy T 1ol i 4 nerarnhoxylate

sol ution of L-proline nethyl est &r hydrochforrde 3.08 ‘g; "18.%60 nnDI) I n
dry nethyl ene ghl7ar.i decwad: cond eds t i 0[erag;Cand. SBeated with triethyl am ne
15 (3.92 g; 38.74 mmol; 2.1 eq). After stirring the fornmed

EXAMPLE 2
S esgis -phenvyl-l-et 1-(3,3-dime 1-1
10 dioxopentyl) -2-piperidinecarbothioate (9)

Methvl (25) -1-(1,2-dioxo-2-methoxvethyl)-2-

pvrrolidinecarboxylate. A solution of L-proline methyl
ester hydrochloride (3.08 g; 18.60 mmol) in dry methylene
chloride was cooled to 0°C and treated with triethylamine
15 (3.92 g; 38.7¢ mmol; 2.1 eq). After stirring the formed
slurry under a nitrogen atmosphere for 15 min, a solution
of methyl oxalyl chloride {3.20 g; 26.12 mmeol) in
methyiene chloride (45 mL) was added dropwise. The
resulting mixture was stixred at 0°C for 1.5 hour. After
20 filtering to remove sclids, the organic phase was washed
with water, dried over MgSO, and concentrated. The crude
residue was purified on a silica gel column, eluting with
50% ethyl acetate in hexane, to obtain 3.52 g (88%) of
the product as a reddish oil. Mixture of cis-trans amide
25 rotamers; data for trans rotamer given. ‘H NMR (CDCl,):

6 1.93 (dm, 2H); 2.17(m, 2H); 3.62(m, 2H); 3.71 (s, 3H);
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slurry under a nitrogen atnosphere for 15 mn, a solution of nethyl

oxalyl chloride (3.20 g; 26.12 mol) in nethylene chloride (45 nl)
was added dropw se. The resulting m xture was stirred at O[err]C for 1.5
hour. After_20 iltering to renove solids, the organic phase was washed
with water, Héggld”c?%er MySO4 and concentrated. The crude reE?HH%"’W’
purified on a silica gel colum, eluting with 50% et hyl acetate in hexane,
to obtain 3.52 g (88% of the product as a reddish oil. Mxture of

cis-trans am de 25 rotamers; data for t3ans rotaner given. [err]H NWR
(e ferr]): 8 1.93 (dm 2H); 2.17(m 2H); 3.62(m 2H); 3.71 (s, 3H); WO
98/ 13343 3.79, 3.84 (s, 3H total); 4.86 (ddPCIHUJoH . 15832337 3. 79,

3.84 (s, 3Htotal); ] =8.

(25) -1- (1.

. 3.3). Methyl

2-di oxo-3 3-di et hyrperts : AL ORS ndhSndignet N end aB - of
met hyl  (2S)-1- = dj ox0- 2- thyl)-2-pyrrolidinecarboxylate (2.35 5
g; 10.90 mol) i L & at 7dr u?‘éﬂXt%q‘HF?kv@?E‘Bgl ddSi ot~

-78[err] C and tr eaj2diixdi21fle 2hd:8fdthy19t 22 et &éﬁ
1, 1- di met hyl pr opyl magnesi um chl or)%e i n@TﬁF.pQIA??igﬂrﬁgﬁe#%th %tee r(és'aFti ng
homogeneous ni xtgy elat 96 7&nelf ] €nf @0 trhy e6f h@eESahPiifo FXdAlr STHES RQUT ed

into saturated 10 ammoni um chloride (100 nL) and extracted into ethyl
acetate. The or ge@tledhbge -RASCwasHedt neiatledwatiorh ¥ izdmLaed eonceantmat ed,
and the crude material obtained upon renoval of the solvent was purified on
a silica gel solution of 1,1-dimethylpropylmagnesium chloride in THF.
After stirring the resulting homogeneous mixture at -78°C
for three hours, the mixture was poured into saturated
10 ammcnium chloride (100 mL) and extracted into ethyl
acetate. The organic phase was washed with water, dried,
and concentrated, and the crude material obtained upon
removal of the solvent was purified on a silica gel
column, eluting with 25% ethyl acetate in hexane, to
15 obtain 2.10 g (75%) of the oxamate as a colorless oil,
‘H NMR (CDCl,): & 0.88 (t, 3H); 1.22, 1.26 (s, 3H each) ;
1.75(dm, 2H); 1.87-2.10 (m, 3H); 2.23 (m, 1H); 3.54 (m,

2H); 3.76 (s, 3H); 4.52 (dm, 1H, |=8.4, 3.4}.

20 lic id. A mixture of methyl (2S}-1-(1,2-dioxo-
3,3-dimethylpentyl) -2-pyrrolidinecarboxylate (2.10 g;
8.23 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 acidified to pH 1 with 1 N
25 HCl, diluted with water, and extracted into 100 mL of

methylene chloride. The organic extract was washed with



colum, eluting with 25% ethyl acetate in hexane, to 15 obtain 2.10 g
(759 of the oxamate as a colorless oil, [err]H NVR (CDCl[err]): 8 0.88 (t,
3H) ; 1.22, 1.26 (s, 3H each) 1.75(dm 2H); 1.87-2.10 (m 3H); 2.23 (m
1H); 3.54 (m 2H); 3.76 (s, 3H); 4.52 (dm 1H, [err]=8.4, 3.4). (25 -1-(1.
2- di oxo- 3. 3N WEBMY| yentyl ) -2-pyrrolidine- 20 car boxyPCTUSRTIISE32 A

m xture of nethyl (2S)-1-(1, 2-di oxo-

3, 3-di net hyl pentyl)-2-pyrrolidinecarboxylate (2.10 g; 8.23 mvol), 1 N
L[err]OH (15 [err]L), and nethanol (50 [#§r]L) was stirred at Jerr]C for
30 mnutes and at room tenperature overnight. The m xture was acidified to
pH 1 with 1 N Rfine anicombdnmmrted tth Weleverant7exdr etnd dftohQ0 ML of
nmet hyl ene chl oride. The organic extract was washed wth 38 brine and
concentrated twhieeiseiid wigiqh 8%%) not sequirehftetiset iphaidicatdios, not
require furthey purlflcatlon [err]H NWR (CDCl [err]): 8 0.87 (t, 3H)

1.22, 1.25 (s, BHMRJRPCLY) : 7‘5(é]ma 28y 4 )021(1312 2P=|)252(a,7 JHneatH); 2

m 1 5 7 5 H J=8.6, 4.1

y phelr_l?/l T-etndi 1. f‘g‘g Filinde 3?;% 5. f’g’i}bfu&z?né 2725 (m, m)),
rrolidgnecaryogfi e q 0 lLugi

?{ 2-di ogo 3, 3@d%?re'?ﬁ§1 pe}gty )lozipy?r (§)?I d%nggar%oxy |cJaC| 5 (541') ny;

mmol) in CH2C12 ( E3p , N

1.1 nmol).

sol ution was

(1,2-dioxo-3,3-dimethylpentyl) -2-pyrrol idinecarboxylic

acid (241 mg; 1.0 mmol) in CH,Cl, (10 mL) was added
10 dicyclohexylcarbodiimide (226 mg; 1.1 mmol). Afrer
stirring the resulting mixture for 5 minutes, the
solution was cooled to 0°C and treated with a solution of
phenyl mercaptan (138 mg; 1.0 mmol) and 4-
dimethylaminopyridine (6 wmg) in 5 ml of CH,Cl.. The
18 mixture was allowed tc warm to room temperature with
stirring overnigkc. The solids wers remcved by
filtration and the filtrate was concentrated in vacuo;
the crude residue was purified by flash chromatography
{(10:1 hexane:EtOAc) to obtain 302 mg (84%) of 9 as an
20 oil, 'H NMR (CDCl,, 300 MHz): & 0.85 (t, 3H, }=7.5);
1.29 (s, 3H); 1.31 (s, 3H); 1.70-2.32 (m, 6H); 2.92 (t,
2H, }=7.4); 3.22(c, 2H, J=7.4); 3.58 (m, 2H); 4.72 {m,
1H); 7.23-7.34 (m, 5H). Anal. Calcd. for C,H,NO,S -
0.4H,0: C, 65.15; H, 7.60; N, 3.80. Found: C, 65.41;

25 H, 7.49; N, 3.72.

e e —
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phenet hyl  mer capt an (138 nm; 1.0 nmol) and 4-

di met hyl am nopyridine (6 ng) in 5 m of CH2Cl2. The 15 m xt ure was
allowed to warmto roomtenperature with stirring overnight. The
solids were ved by filtration and the filtrate was concentrated in
vacuo; the c‘rvt?r(fg@é‘gi due was purified by flash chromatogra (0 fa i
hexane: Et OAc) to obtain 302 ng (84% of 9 as an 20 oil, [err]H NMR
(cbCiferr], 300 MHerr]): 6 0.85 (t, 3H, J=7.5); 1.29 (s, 3H); 1.31 (s,
3H); 1.70-2.32 (m 6H); 2.92 (t, 2H J=7.34); 3.22(t, 2H, J=7.4); 3.58 (m
2H); 4.72 (m IH),; 7.23-7.34 (m 5H). Anal. Calcd. for
ClerrJ]Herr]NdJerr]S - 0.4Herr]O C, BXAMBEEH 7.60; N, 3.80. Found: C,
65.41; H, 7.49; 25 72, 39 EXAMPLE 3 Synt hesis of
2-phenyl - 1-et hyl (2S) - 5 8913 of Z-phenyl-l-ethyl (25)-1- 3-

di met hyl -1, 2- di ggReRtyl) | perldiaganbot hi oat

1- (1, 2-di oxo- 2- et hoXvetr ny [ T d -

solution  of net fgkhv1pi pacohabeqghyds 05 el g o 9. 31l.mpl) in
dry methyl ene chloride 2100 [erriL) was cool e B&'ﬁ%&%’%’&%‘é%o =2B%d with
triethyl ansne (larboaxv1h@a.mol; A2. lséltio t ©F StrhdtHy1d tpgpégtgi’rgj%sl urry
under a nitrogen atnosphere for 15 10 m nutes, a solution of nethyl

oxal yl chl ori de lglrsghdorddes (#nfi0) gn M.l emeolhl éni dixry 7hethyleves added

dropwi se. The resulting m xture was stirred at err]C for
P éﬁiorldeg(loo mL) was cooled to %LC gnd treated with

triethylamine (10.5 g; 103 mmol; 2.1 eq). After stirring

the formed slurry under a nitrogen atmosphere for 15

10 minutes, a solution of methyl oxalyl chloride (8.50 g;
69.4 mmol) in methylene chloride (75 mL) was added
ropwise. The resulting mixture was stirred at 0°C for

1.5 hours. After filtering to remove solids, the organic

phase was washed with water, dried over MgsSO, and

15 concentrated. The crude regidue was purified on a silica
gel coiumn, eluting with 50% ethyl acetate in hexane, to
obtain 9.34 g (86%) of the product as a reddish oil.
Mixture of cis-trans amide rotamers; data for trans
rotamer given. '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,
1H); 2.76 (s, 3H); 3.85, 3.87 (s, 3H total); 4.52 (dd,

1H).

carboxvliate. A solution of methyl 1-(1,2-dioxo-2-
25 methoxyechyl) -2-piperidinecarboxylate (3.80 g; 16.57

mmcl) in 75 mL of tetrahydrofuran (THF) was cooled to -
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1.5 hours. After filtering to renove solids, the organic phase was

washed with water, dried over MS(Oerr] and 15 concentrated. The
crude residue was purified on a silica gel columm, eluting with 50% et hyl
acetate in hexane, to obtain 9.34 g (86% of the product as a reddish oil.

M xture of YQRBMI amide rotamers; data for trans rotamePCHUSEHSS2 [err]H
NVR (CDCl[err]): 8 1.22-1.45 (m 2H); 20 1.67-1.78 (m 3H); 2.29 (m
1H); 3.33 (m 1H); 3.55 (m 1H); 3.76 (s, 3H); 3.85, 3.87 (s, 3Htotal);
4.52 (dd, 1H). Methyl 1-(1 2-dioxo-3, 3-donethylpentyl) -2-piperidine

- car boxyl at e. A solution of nethyl 1-(1,2-dioxo-2- 25
met hoxyet hyl ) - Z2§fipenddr neatedbewiyrhate . 7 3. a §; 0 MGAatdwnl p£in, 75 nL of
t et rahydrofuran, (THF) .was cool ed to - WD 96/ 13343

PCT/ US97/ 15832 efé’p’ér PreP¥hRagRest e clitonide. in [[BFr | Rfskrastifrivgol ution

of 1,1- di rrethyt eor%pé/ ne |um chI oride jn THF. After stirring the
resul ting honogeheotss SFETOMS | T FYI] hPke “HB0Fs fomnechisg ure was

"t et hyl °ai§§“a‘{‘§fse'th%§*‘3¥gan. & s PR S PR e T e
concentraged, anddrigecrude mt eindkxebhatagdimonhenoNak: 9l ot hopsol vent
was purified on a silica gel colum, eluting with 25% ethyl acetate in
hexane, to 10 orgamitai ph3s82 gaf74%ashédt hwiokamedtens aisddr!iesgoil, 'H
concentrated, and the crude material obtained upon
removal of the solvent was purified on a silica gel
column, eluting with 25% ethyl acetate in hexane, to

10 obtain 3.32 g (74%) of the oxamate as a colorless oil, 'H
NMR (CDCl,): o 0.88 (t, 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-dioxo-3,3-dimethvlipentyl)-2-piperidine-

15 carboxviic acid. A mixture of methyl 1-(1,2-dioxo-3,3-
dimethylpentyl) -2-piperidinecarboxylate (3.30 g; 12.25
mmol), 1 N LiOH (15 mL}), and methanocl (60 mL) was stirred
at 0°C for 30 minutes and at room temperature overnight.

The mixture was acidified to pH 1 with 1 N HCl, diluted

20 with water, and extracted into 100 mL of methylene
chloride. The organic extract was washed with brine and
concentratad to deliver 2.80 g (87%) of snow-white solid
which did not require further purification, *H NMR
(cpcl,): & 0.89 (t, 3H); 1.21, 1.24 (s, 3H each); 1.42-

25 1.85 (m, 7H); 2.35 {(m, 1H); 3.22 (d, 1H); 3.42(m, 1H);

5§.31 (d, 1H}.



NVR (CDCl[err]): 6 0.88 (t, 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 (d, 1H).
1- (I, 2-dioxo-3.3-di nethyl pentyl)-2-piperidine- 15 carboxvlic acid. A
m xt ure of (1, 2-di oxo-3, 3- di methyl pentyl)

_2-pi peri di g&%&‘yl ate (3.30 g: 12.25 mol), 1 N Li OH (15PGHYSo7A%32

nmet hanol (60 nL) was stirred at O[err]C for 30 mnutes and at room
tenperature overnight. The mxture was acidified to pH 1 with 1 N HCO,

di luted 20 with water, and extracted4into 100 nL of nethyl ene
chloride. The organic xtract was washed W|th br| ne and concentrat ed to

del i ver —trF R Ry 3 -arf ¢
purification, 21 124(3 3H
each); 1.42- 25 H); 3. &’2(rﬁ 1H) ;
5.31 (d, 1H). enyl et hyl

di oxopentyl) - 2- pslogtladrtlz"'(:ﬂqpnecarobéothl (r;%t(el 27 dfbo)’&?s) j c{l??ul&-}g} t%, )’3n of
1- (1, 2- di oxo- 3, PigieratinybpentiblyPic MR] | I o BOXY lnds13C 116 @5@1@ 1.0
mmol) in CH2A 2 5 (10 nmL) was added dicycl ohexyl carbodii m de ( 226 ny;
1.1 mol ).5 Aft{@0 m&di wasngdded edigwsidheny]carkbdl émider (256 migiwuties, the
solution was cooled to O[err]C and treated with a solution of phenethyl

mer capt an (138 M§eii-0 ERTartt ¥xdinget W88 afesypFirgi melxtuwrengforns55 M of
CH2d 2. The

minutes, the solution was cooled to 0°C and treated with
a solution of phenyl mercaptan (138 mg; 1.0 mmol) and 4-
dimethylaminocpyridine (6 mg) in S ml of .CH,Cl,. 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 wvacuo;
the crude residue was purified by flash chromatography
{10:1 hexane:EtOAc) to obtain 300 mg ({80%) of 10 as an
i5 oil, *H NMR (CDCl,, 300 MHz): d 0.94 (t, 3H, J=7.5):
1.27 (s, 3H); 1.30 (s, 3H); 1.34-1.88 {(m, 7H); 2.45 (m,
1H); 2.90 (t, 2H, J=7.7); 3.26 (t, 2H, J=7.7); 3.27 (m,
1H); 3.38 (m, 1H); 5.34 (m, 1H); 7.24-7.36 (m, B5H}.
Anal. Calecd. for C,;H,,NO,S: C, 67.17; H, 7.78; N, 3.73.

20 Found: C, 67.02; 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 cig-trans isomerase activity of FKBP may be

measured as an indicator of this affinity.
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10 m xture was allowed to warmto roomtenperature with stirring

overni ght. The solids were renoved by filtration and the filtrate
was concentrated in vacuo; the crude residue was purified by flash

chr omat ogr a 3 .1 hexane: EtQAc) to obtain 300 ng (80% of 10 as an 15
oil, [err]H %1 1[err], 300 MHerr]): d 0.94 (t, 3H DBEWUSHASER 27 (s,

3H); 1.30 (s, 3H); 1.34-1.88 (m 7H); 2.45 (m IH1); 2.90 (t, 2H J=7.7);
3.26 (t, 2H, J=7.7); 3.27 (m 1H); 3.38 (m 1H); 5.34 (m 1H); 7.24-7.36
(m 5H). Anal. Calcd. for CJerr]Herr]Nggerr]S: C, 67.17; H 7.78; N,
3.73. Found: 20 C, 67.02; H 7.83; N, 3.78. As discussed above, the

conpounds of the present inventi o, East ProafeBlupisty for the FK506 binding

protein, particularly, FKBP12. The inhibition of the prolyl 25
eptidyl ci s-transl?éb}ﬁ%‘i’e@b a®fi vi thheof PEBRRidyy: -brohphsur bsbmerase

p

I ndi cat or of th(i,s t:affi ni t¥. ... VWO 9%/ 1%343, )

PCT/ US97/ 15832 A2 RFEFF] PESEVAFECEFuRRe ivanGise compoundse can be

pepti dyl - prol ylgya1, SRR @S€ a chivity, of the_inventive conpounds

can be eval uat ed by knomgj?rr}é%hgésHgggé?'lgbéas?ﬁ%??é 7t ehyt T tezpture

(155030 Bhos) eiSitazes 88, ddichd g, Gt ol O, 6

presented for wWeprAsenthényeseonpoundsssns Tadd® | V. Thebe vailsak &%

cbtained as apparent K,’s and are presented for

representative compounds in Table IV. The cis-trans

isomerization of an alanine-proline bond  in a model

10 substrate, N—succinyl-Ala-Ala—Pro-Phe-p-nitroanilide, is

monitored spectrophotometrically in a chymotrypsin-

coupled assay, which releases para-nitroanilide from the

rans form of the substrate. The inhibition of this

reaction caused by the addition of different

15 concentrations of inhibitor is determined, and the data

is analyzed as a change in first-order rate constant as

a function of inhibitor concentration to yield the
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

FKBP (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

HCl) and 10 mL of test compound at various concentrations

in dimethyl sulfoxide. The reaction is initiated by the

25 addition of 5 mL of substrate (succinyl-Ala-Phe-Pro-Phe-

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



| sonerization of an al anine-proline bond in a nodel 10 substrate,

N- succi nyl - Al a- Al a- Pro-Phe-p-nitroanilide, is nonitored
spectrophotonetrically in a chynotrypsin- coupl ed assay, which rel eases

par a- ni t r oani 6%13;{30mthe trans formof the substrate. The inhi bition of
this reaction ~caused by the addition of differeRtTVSVISER
concentrations of inhibitor is determ ned, and the data is anal yzed as a
change in first-order rate constant as a function of inhibitor
concentration to yield the apparent Klerr]avalues. In a plastic cuvette are
added 950 nlL of ice cold 20 assay buffer (25 mM HEPES, pH 7.8, 100 nM
Nadl ), 10 nmL of FRBPLYQreethanalll0 [err]M Tris-d pH 7.5, 100 [err]M
Nerr]C, 1 [err]Mdjthiothreitol), 25 nL of chynmotrypsin (50 ng/m in 1 nM
HO Y and 10 [err]L dfe 8BECXBRBGRAF 320VAR RIS o FéaAt tatiaidaneddEaet hyl

sul f oxi de. The rg@ctsiocrbi 5 initiated by the 2? addition of 5 nL of
substrate (succinyl -Aa Pive- PP Phe p%ﬁf—tﬁl“ﬁ’ G5APPFRE, and thg/ [sREEL in
2.35 [err]M Lligshdddncd Bre q¥C: !.rl'e?'r% ;
PCT/ US97/ 15832 43 trifl uor oet ﬁano??. ié%‘sgpga%%seoﬁ?a% VA SYEr SHBe i e
I's nmonitorgd ford®fh seicidEls usi ng a spectrophotoneter and the rate
constants are determ ned fromthe absorbance versus tine 5 data files.
The data for these &hperdatentfof othespr espatriménts for representative
compounds are presented in Table IV under the column
ilKin_
The neurotrophic effects of the compounds of the

10 present invention can be demonstrated in cellular

biclogical experiments in vitro, as described below.

Chick Dorgal Root Ganglion

Cultures and Neurite Outgrowth
15 The neurotrophic effects of the FKBP inhibitor

compounds were 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 cultured on thin
layer Matrigel-coated 12 well plates with Liebovitz L1S
plus high glucose media supplemented with 2 mM glutamine
and 10% fetal calf serum, and also containing 10 uM
cytesine £-D arabinofuranoside (Ara C) at 37°C in an
25 environment containing 5% CO,. Twenty-four hours later,

the DRGs were treated with wvarious concentrations of



conpounds are presented in Table IV under the colum "Ki". The neurotrophic
effects of the conpounds of the 10 present invention can be
denonstrated in «cellular biological experinments in vitro, as described
bel ow. Chick Dorsal Root Ganglion Cultures and Neurite Qutgrowth 15
The neurot M¥PA¥BM%ffects of the FKBP inhibitor conpoXf@8ISREIses2
denonstrated by evaluating the ability of the conpounds to pronote neurite
outgrowth in cultured chick sensory neurons from dorsal root gangli a.
Dorsal root ganglia were dissected from cdd ck enbryos of ten day 20
gestation. Wole ganglion explants were cultured on thin |ayer
Mat ri gel - coat edREZVReIyoyimfastart Hrmusephilinl Uigpids olri egmiginidasasnedi a
suppl emrent ed w tE | utam ne and 10% fetal calf serum and al so

rjMzy

containing 10 [8 t ﬁwe_dﬁpﬁsar abi FROF-SicGditdebopasa Mitext SZugrr] C in
DRGs ver e 1 oat SHCR RIS ar s SRRELRET T OF A gedogidRs s phase |

DRGs were treat vari ous

PCT/ US97/ 15832 44npeaye erOWdE frdtt ModdHRIRAPEddd}dd oL gonbinations
of NFG plus drugs. Forty-el ght _ hours a?lt:éer%&#rtggw rea?rr%ﬁﬂ',sst he

ganglia were viAwhbveed imdert@haticesdidms! BhdidriddgMagikabiroppgont rast
wWth a Zeiss 5 Axi overt inverted m croscope. Phot om cr ographs of the
explants were made, and neurite outgrowth was
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 treatment was
performed in duplicate.

Dose-response curves were generated from which EDg,
values were obtained. The results of these experiments
are presented in Table IV under the column "EDS0".

15 Represencative photomicrographs of untreated (control)
sensory neurons and of compounds 1 (10 pM, 1 nM, 1 uM),
9 (10 pM, 1 nM, 100 nM) and 10 (10 pM, 1 nM, 100 nM)
promoting neurite outgrowth in sensory neurons are shown
in FIG.’'s 1(A-D), 2(A-D) and 3(A-D}), respectively.
20
MPTP Model of Parkinson’s Disease

The remarkable neurotrophic and neuroregenerative
effects of the present inventive compounds were further
demonstrated in an animal model of neurodegenerative

25 disease. MPTP lesioning of dopaminergic neurons in mice

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



expl ants were nmade, and neurite outgrowmt h was quantitated.
Neurites | onger than the DRG di aneter were counted as positive, with total
nunber of neurites quantitated per each experinental condition. Three to

10 f our %sr' cultured per well, and each treatnent rfor med in
dupl i cate. Dose- lgé"gonse curves were generated from which Eﬁpgﬂ I8F ues
were obtained. The results of these experinents are presented in Table IV
under the colum "ED50". 15 Represent ati ve phot om crographs of
untreated (control) sensory neurons and of4sconpounds 1 (10 [err]M 1

[err]M 1 [err]M, (10[err]|\/l 1 [err]M 100 [err]M and 10 (10 [err]M 1
[err]M 100 [err]’ﬁ& pPBﬁDf"FH@ FO&r hd teuticenmweden degrsbri. meuwbis aoe

h FI'G's | D A-D t ly. 20 MPTP Model of
Par ki nson s Di ScRSCREIRE MATEIESE S HePol 1 5HAF RPN JAoBREEht 198
effects of the pieseni. i nysnt %;sggggun&s T Sl Rk IggRnabrgted, T an

ani mal nodel of neuro egenerat df seast

dopani nergi ¢ neugoasykN HkCHeVBSaysedragnanaank e : <
Di sease. Four WO 08113343 - roan 0t 0Bhai0gehal BB1KLNERY

PCT/ US97/ 15832 @mm obfperChiesthést N gt W @a9@S €811 oRinyi fbTB0
nmg/ kg of MPTP for 5 days. Test conpounds (4 ng/kg), or vehicle, were
admi ni stered s. ctreatUPRptN tihet RQINRIP Were sacrificed and the striata

were dissected and homogenized. Immunostaining was
perfcrmed 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 functiocnal
dopaminergic terminals was cbserved as compared to non-
lesioned animals. Lesioned arimals receiving test
compounds showed a significant recovery of TH-stained

15 dopaminergic neurons.
The resuits of these experiments are presented in
TABLE IV under the column "% TH recovery". Quantitation
for the recovery of TH-positive dopaminergic neurons in
the stxriatum of animals receiving compounds 1, 9 and 10,
20 and for representative control and lesioned animals not

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



5 days, as well as for an additional 5 days following 5 cessation of
MPTP treatnment. At 18 days followng MPTP treatnent, the animls were
sacrificed and the striata were dissected and honogeni zed.

| mmunost ai ni ng was performed on saggital and coronal brain sections using
anti-tyrosi NOMWIdBxylase 1 g to quantitate survival and 1BCT/USIIASASDVery
of dopam nergi c neurons. In animals treated with MPTP and vehicle, a
substantial |oss of functional dopam nergic term nals was observed as
conpared to non- |esioned animals. Lesioned aninmals receiving test
conpounds showed a significant recovery of THstained 15 dopam nergic
neurons. The results of these experi mepABrRr@ presented in TABLE |V under
the columm "% TH recovery”. Quantitation tor the recovery of THpositive

dopam nergi c neurons in the stri atWﬁfrom&E@ésﬁlé ecei ving conmpounds 1, 9
and 10, 20 and for representatiVv | esi oned ani mal s not

receiving the t gs, are pres ed in 4 13343
boT) Usor) 15850 SRmEetd®; Ao b oot RoBH0IY o1 B TH eiovery
31 0.4
23

E?EBg nM , YoTH recovery 1 3o 0.4 g
85 5 2 " 210 ~ -
3 85 - -
9 104 0.5 61
10 12 0.8 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 37.32
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28 5
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0.5

48 28
65 15
- 34

56 347

1226

43
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- 46
28
259
188
31
757
21
127

1334

261
37
30
880
57
79
962
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299

. 025

0. 003
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0.011
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61 10 12

0. 36 53 10
- 14
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8.7
- 52 33
34 0.9
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68 - - -
37.32 WD 98/ 13343
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25 45
757
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47 21 .- 50 10 48

127 .- 28 49 1334
-~ 50 55 - 62 51
33 - 52 6 15 53
261 54 WO 98/13343 37 55 30 56  PCT/USY15832
880 57 57 20 58 79 59
962 60 90 WO 98/ 13343
PCT/ US97/ 15832 48 61 139 628 196 63
82 64 163 5 65 68 -
- 66 61 306 139 ~ 38 67 - 177
- .- 68 284 69 49
23 10 70 62 457196 - 25
63 82 - -
64 163 —~ -
5 65 68 - -
66 306 5 38
67 177 - -
68 284 - -
69 49 - 23
10 70 457 - 25
7 788 - -

All publications and patents identified above are
15 hereby incorporated by reference.

The invention being thus described, it will be
obvious that the same may be varied in many ways. Such
variations are not to be regarded as a departure from the
spirit and scope of the invention and all such

20 modifications are intended to be included within the

scope of the follcwing claims.



71 788 -- Al publications and patents

identified above are 15 hereby incorporated by reference. The invention
bei ng thus described, it will be obvious that the sanme nay be varied in
many ways. Sydbsldations are not to be regarded as a dep t he
spirit and scope 0O EJ'the invention and all such 20 nmodi w&a&gg}
intended to be included within the scope of the follow ng clains.

98/ 13343 PCT/ US97/ 15832 49 WE CLAI M
1. A conpound of fornula Il: 10 49 [err] or a

pharmaceutically acceptable salt thereof, wherein: [err] is 1 or 2; Xis O
or S; Zis sel eWEe@LAEMmM t he group consisting of S. CHerr], 15

CHR[err] and C(Rlerr])[err]; Rerr] is selected fromthe group consisting

of Jerr]-Clerr] straight or branched chain al kyl, Cerr]-Cerr] straight

or branched chain Ike Ar[ e a tures thereof wherein said
Rerr] is unsubstltute&}/é:lpmgﬁh’é1 %Etg % Halo, nitro, 20

Cerr]-Cerr] straight or branched chai n aI kyl, C{err]-Clerr] straight or
branched chain al kenyl, hydroxy, C -C4 al koxy, C2-C4 al kenyl oxy,

phenoxy, Benzyl oxy, am no, Ar[err] [ahxiyre
2 Z—R1

N
II

0

Ra2
10

or a pharmaceutically acceptable salt thereof, wherein:
n is 1 or 2;
X is O or s;
Z is selected from the group consisting of S, CH,,
15 CHR, and C{R,},; |
R. is selected from the group consisting of C,-C,
straight or branched chain alkyl, C,-C; straight or
branched chain alkenyl, Ar, and mixtures thereof, wherein
said R, is unsubstituted or substituted with halo, nitro,
20 C,-Cs straight or branched chain alkyl, C,-C; straight or
branched chain alkenyl, hydroxy, C,-C, alkoxy, C,-C,
alkenyloxy, phenoxy, benzyloxy, amino, Ar, or a mixture
thereof;
R, is selected from the group consisting of C,-C,
25 straight or branched chain alkyl, (,-C, straight or

branched <chain  alkenyl, C,-Cy cycloalkyl, Cs~C,

* [ L M S *



thereof; R2 is selected fromthe group consisting of Clerr]-Cerr] 25
stralght or branched chai K Cerr]-C, straight or branched chain
al kenyl , Jerr]- C[err]TmB%L MﬂFBe"}“ma err]-Clerr] 50 cycl oal keny!
and Ar[err] and Ar[err] iE §m m HH'HyI pyridyl, fluorenyl, thioindolyl
or napht hyWoSBM¥Bd:i n  saj unsubstituted GCTAMUIBRY ed
with halo, trifluoronethyl, hydroxy, nitro, C- 5 (err] straight or

branched chain alkyl, d{err]-Clerr] straight or branched chain al kenyl,

Cerr] (err] alkoxy, (err]-Cerr] al kes§Loxy, phenoxy, benzyl oxy, am no
or a mxture thereof. 2. The conmpound _of claim1, wherein: 10 nis
1; and X i s 0. S¥clopdkeBNbARA AhicRBEmM 2, wherein Z is CH2. 15 4.

The conpound of claim 3, which is selgfted fron1the group consi sti_ng of:
(28S) - 2- ({ 1- Oxo- 5- eyl }lspenli> Jenyly s, ¥t hy| PYT33Y £luorenyl,

di oxobutyl ) pyr 'E:g;lx gngglg]?t r O3 EBEH¥5. ht—lr(e % saléSA:.( SJ.Byt{ﬁs%s)t tt%goyl )-1-

20 pyrrolidin

(2S) -2- ({1- Oxopp- BHEQML&uPé‘cﬂtMchlh(a&& 91 HEB!M :1n.2fo, ;, Straight

di oxobutyl ) pyrrolidine; (2S)- {1- Oxo- 4 enyl} but yl - cyc g exyl -1, 2-

di oxoet hyl ) pyr el beanehed chaln alkyl CZC; straight or branched chain
alkenyl, Cc.-C, alkoxy, C,-C; alkenyloxy, phenoxy,

benzyloxy, amino or a mixture thereof.

2. The compound of claim 1, wherein:
10 n is 1; and

X is O.
3. The compound of claim 2, wherein Z is CH,.

15 4. The compound of claim 3, which is selected from
the group consisting of:
(28) -2~ ({1-Oxo-5-phenyl}-pentyl-1-(3,3-dimethyl-1,2-
dioxopentyl)pyvrrolidine;
3,3-Dimethyl-1-[(28)-2-(5-(3~-pyridyl)pentanoyl}-1-
20 pyrrolidine] -1, 2-pentanedione;
(25) -2- ({1-0Ox0-4-phenyl}-butyl-1-(3,3-dimethyl-1,2-
dioxobutyl)pyrrolidine;
(25) -2-{{1-Oxo0-4-phenyl}-butyl-1-(2-cyclohexyl-1,2-
dioxoethyl)pyrrolidine;
25 2-({1-0x0-4-phenyl}-butyl-1-(3,3~dimethyl-1,2-

dioxocbutyl)pyrrolidine; and

THIS SHEET HAS BEEN
REPLAGED
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25 2- ({1- Oxo- 4- phenyl | - butyl -1- (3, 3-di met hyl -1, 2-
di oxobut yl ) pyrrolidine; and 51 1-((2S)-2-[5,5-d[err](4- F
| uor ophenyl ) pent anoyl ]-2- pyrrdhsahqqeiasge@fﬁi"r‘! hyl - 1, 2- pent anedi one. 5.

The conpound of aim 2, wherein The conpound
which is selggtgélg”ﬁom t he group Rl

2- Phenyl - | -et hyl (2S) - 1- (3, 3-di net hyl - -

di oxopentyl) - 2- pyrrolldlnecarbothioate;
1-{2-[benzo(b]thiophen-3-y|nethylthio)car@pnyl]

pyrrolidinyl}-3, 3-di nethyl pentane-1, 2-di one;

2- Phenyl - 1-et hyl (29} - 4-(93")(3)%'[(515(%11 {4 2Frilbexeaityhyl) pentanoyl] -2-
2-pyrrolidinecarbot hioate; 2-Phenyl-1-ethyl (2S)-1-(2-cyclopentyl-1,2- 15
di oxoet hyl ) - 2- ppyraplLidaae hr ol +dideatyls IPRepehtanpdbone .
(2S)-1-(3,3-dinethyl -1, 2- di oxopentyl)-2-pyrrolidinecarbot hi oat e;

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

di oxopentyl)-2-pyrroli necarbothloa 3-.Ph propyl
(28)-1-(2-cyc|ohexf?' ﬁyP% §li®mr%ﬂ|%ﬁ?ﬁ%ﬁﬁ§b¥ﬁ|8ate

4- Phenyl - - but yl (28) 1 (2 cycl ohexyl -1, 2-

di oxoet hyl’) - 2- pyrrol i di necar bot hi oat e; 4-Pheny|-1-buty|
(25)-1-(3,3-dinethyd - 1,Phe compound of claim 5, which is selected from

the group consisting of:
2-Phenyl-l-ethyl 1-(3,3-dimethyl-1,2-dioxopentyl)-2-
piperidinecarbothioate;
10 {3-Thioindolyl)methyl (28) ~1~-(3,3-dimethyl-1,2-
dioxopentyl) -2-pyrrolidinecarbothiocate;
2-Phenyl-1-ethyl (28)-1-(2-cyclohexyl-1,2-

dioxopentyl) -2-pyrrolidinecarbothicate;

2-Phenyl-l-ethyl (28)-1-(1-cyclopentyl-1,2-
15 dioxopentyl} -2-pyrrolidinecarbothiocate;
3-Phenyl-1-propyl {(28)~1-(3,3-dimethyl-1,2-

dioxopentyl) -2-pyrrolidinecarbothioate;
3-{3-Pyridyl) -1-propyl (28)-1-1(3,3-dimethyl-1,2-
dioxopentyl) -2-pyrrolidinecarbothioate;
20 3-Phenyl-l1-propyl (25)-1-(2-cyclohexyl-1,2-
dioxoethyl) -2-pyrrolidinecarbothioate;
4-Phenyl-1-butyl {(28)-1-(2-cyclohexyl-1,2-
dioxocethyl) -2-pyrrolidinecarbothiocate;
4 -Phenyl-1-butyl (28) -1-(3,3-dimethyl-1,2-

25 dioxopentyl) -2-pyrrolidinecarbothiocate;

e i SOV .
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25 di oxopentyl)-2-pyrrolidinecarbot hi oat e; 52 3- (3-Pyridyl) -1-propyl
(2S) -1- (2-cyclohexyl-1, 2- dioxoethyl)-2-pyrrolidinecarbothioate;
3, 3- Di phenyl - 1- propyl ( 2S) - 4 SedHed Bk Riplacdd, 9-

di oxopentyl)-2-pyrrolidinec |

31 3-Di phenﬂqmlg%apnﬂ ( 28) _ 1_1 ﬂ%lﬂg@l‘m‘ 11 2- PCT/USY7/15832
di oxoet hyl ) - 2-pyrrol i di necar X

3- (par a- Met hoxyphenyl ) - 1- propyl (2S) - 1- ( 3, 3-di net hyl -

1, 2- di oxopentyl)-2-pyrrolidinecarbot hi o%tze;

3, 3-Di ( par a- Fl uor o) phenyl - 1- propyl (2S)-1-(3, 3- 10

di et hyl - 1, 2- di ox@pent. L L&thyrecar b ' ;- - -
4,4-Di (para-fluor gpﬁgnfliy%%ﬁ’gr I%iis%%p?) di ?r%’?jhg?l gz cyclohexyl-1,2
oxopent anoyl ) - i pyspend e ) necapyeblidahecarbothioate;

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

oxopent anoyl ) - 2- pyr.Rolbighesyadr-Bopriopatie; 132S)-1-(3,3-dimethyl-1,2-
2, 2- Di phenyl et hyl (2S) - 1- (.3, 3-di net hyl - 2- _

oxopent anoyl ) - SLPXFRAG W Tec RYBEPhilgapgcarbothioate;

G ek hy1 %2 xopen G P gL ORGP dcar b3E R o442 Crelonenyl-, -
3-(2-Na -1 3,356k BRE Byl 5 o
oxopent anoyl ) - BSER U nac RS LA Bk 4 o botitioate;

3- (13- Cnl or opheny! jpripayh{MsPnckyphedyli nBigidpyd- (25) -1- (3, 3-dimethyl-
oxopent anoyl ) - 2- pyrrol i di necar bot hi oat e;

3-[3-(Tri fl uor pnetdikAquearyll) pRopykt2bjdin¢Sadoothicate;
Aty 2 XD Oy par s, F10ora) pheay o1 iprapyl  (28)-1-(3,3-
10 dimethyl-1,2-dioxopentyl) -2-pyrrolidinecarbothiocate;
4,4-Di (para-fluorophenyl)butyl 1-(3,3-dimethyl-2-
oxopentancyl) -2-pyrrolidinecarbothiocate;
3-{2-Naphthyl)propyl (25)-1-(3,3~dimethyl-2-
oxopentanoyl) -2-pyrrolidinecarbothioate;
15 2,2-Diphenylethyl (28)-1-(3,3-dimethyl-2-
oxopentanoyl) tetrahydro-1KE-2-pyrrolecarbothioate;

3-[4- (Trifluoromethyl)phenyl]propyl {258)-1-(3,3-

dimethyl-2-oxopentancyl) -2-pyrrolidinecarbothiocate;

3-(2~Naphthyl)propyl (28)-1-(3,3-dimethyl-2-
20 oxopentanoyl) -2-pyrrolidinecarbothiocate;
3-(3-Chlorophenyl) propyl {258)-1-(3,3-dimethyl-2-

oxopentanoyl)-2-pyrrolidinecarbotﬁioate:
3-[2-(Trifluoromethyl)phenyl)propyl (28} -1-(3,3-
dimethyl-2-oxopentanoyl) -2-pyrrolidinecarbothioate;
25 31-(1-Biphenyl)propyl (28} -1-(3,3-dimethyl-2-

oxopentanoyl) -2-pyrrolidinecarbothioate;
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25 3- (2-Bi phenyl ) propyl (2S) - 1- (3, 3-di net hyl - 2-
oxopent anoyl ) - 2- pyrrol i di necar bot hi oat e; WO 98/ 13343
PCT/ US97/ 15832 53 3- (2-Fl uorophenyl) propyl (2S)-1-(3, 3-di net hyl - 2-

oxopent anoy| )was@yssi0!l | di necar bot hi oate; 3-(3-Fl uorophenyl)pr
(2S)-1-(3, 3-di net hyl - 2- oxopentanoyl)-2-pyrro|idinecarbothigﬁﬂl}é@%@5832

3-(2- Chl or ophenyl ) pr opyl (2S)-1-(3, 3-di net hyl - 2-
oxopent anoyl ) - 2- pyrrol i di necar bot hi oate; and 3-(3, 4- Di net hoxyphenyl ) propyl
(2S)-1-(3, 3-di et hyl - 2- oxopent anoyl ) - 2- py#% ol i di necar bot hi oate. 10
7. The conpound of g¢laim,l wherein, nis 1, a is S._8., The conpound
of claim 7, mherein:§ ﬁ%wéﬁng ?nVE)BF°3%£ conggﬁﬁﬁlbf3WQ“Q%RﬁﬁﬁﬁiﬁZ‘is S.
10. The conpound o@bhpehahfbdy) W f%gg 1308 <2 ; : Xis 0. 11.
The‘conpound of cla?n110, %%%reﬁ% ﬁéﬁﬁthQEES?Qﬁég%%hpound of claim 11,
which is sel ected frzunjﬁiluorobh@nglpy§b§¢m5|stqﬂg)oi;(3,3_dimethyl_2_
oxopentanoyl) -2-pyrrolidinecarbothioate;
5 3-(2-Chlorophenyl)propyl (258) -1-(3,3-dimethyl-2-
oxopentanoyl) -2-pyrrolidinecarbothicate; and
3- (3, 4-Dimethoxyphenyl)propyl (25)-1-(3,3-dimethyl-2-

oxopentanoyl) -2-pyrrolidinecarbothiocate.
10 7. The compound of claim 1, wherein:
n is 1; and

X is S.

8. The compound of claim 7, wherein Z is CH,.

15

9. The compound of 7, wherein 2 is S.

10. The compound of claim 1, wherein:

n is 2; and
20 X is O.

11. The compound of claim 10, whexrein Z is CH,.

12. The compound of claim 11, which is selected from
25 the group consisting of:
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WD 98/ 13343 PCT/ US97/ 15832 54
2-((l-gerr]-6-phenyl)-hexyl-1-(3, 3-di net hyl -1, 2- di oxobutyl) pi peridine;
and 3, 3-Di net hyl -1 -[2-(4-phenyl pentanoyl ) pi peri dino] -1, 2- pentanedi one. 13.
The corrpounq,ooéslégi‘l?l m 10, wherein Zis S. 14. The corrpound of claim 13,

which is sel romthe group consisting of: 10 TBREHYP2 1- et hyl
(2S)-1-(3, 3-di net hyl -1, 2- di oxopentyl)-2- pyrrolldlnecarbothloate
2- Phenyl - 1- et hyl 1- (2- phenyl -1, 2- di oxoet hyl ) -2- pi peri di necar bot hi oat e;

3- Phenyl - 1- pr opyl 1-(3,3-dinethyl-1,2-diqﬁpbutyl) -2- 15
pi peridi necarbot hi cate; 4-Phenyl-1-butyl 1-(1,2-dioxo-3, 3- dinethylbutyl)-z-
pi peri di necar bot hi gat g ,110£bEspEa@ﬂyq%-ﬂ§@kyh 1- d3 (3. difdleywlil

di oxopentyl ) - 2- pi peri di necar bot hi oat e;

1, 5- Di phenyl - 3- deoxalpiypimiperidihe(;3apllenyl - 1, 2-

dloxoethyl) 2- pi peri di necar bot hi oat e; 3-(para- thhoxyphenyl) 1- propyl
1- (1, 2- di oxo- 3, 3- @lﬁEPHVPbbwﬁyﬂjﬁ%-dérpbﬁnﬁlﬁﬁmnﬁnmwﬂhpmpezidlno] -1,2-

3- (par a- Met hoxyphen 1- propyl 1- (2-phenyl -1, 2- 25
dioxoethyl)pipe$ '%ﬁgéﬁ ‘bot hi oat e;

5

13. The compound of claim 10, wherein Z is S.

14. The compound of claim 13, which is selected from
the group consisting of:
10 2-Phenyl-l1-ethyl (258) -1-(3,3-dimethyl-1,2-
dioxopentyl) ~-2-pyrrolidinecarbothioate;
2-Phenyl-l-ethyl 1-{(2-phenyl-1,2-dioxoethyl) -2-
piperidinecarbothicate;
3-Phenyl-l-propyl 1-(3,3-dimethyl-1,2-dioxocbutyl)-2-
15 piperidinecarbothiocate;
4-Phenyl-l-butyl 1-(1,2-dioxo-3,3-dimethylbutyl)-2-
piperidinecarbothiocate;
1,5-Diphenyl-3-pentyl 1-{(3,3-dimethyl-1,2-
dioxopentyl) ~-2-piperidinecarbothioate;
20 1,5-Diphenyl-3-mercaptopentyl 1-(3-phenyl-1,2-
dioxoethyl) -2-piperidinecarbothioate;
3- (para~Methoxyphenyl) -1-propyl 1-(1,2-dioxo-3,3-
dimethylpentyl)piperidine-2-carbothiocate;
3- (para-Methoxyphenyl) -1-propyl 1-(2-phenyl-1,2-

25 dioxoethyl)piperidine-2-carbothiocate;

* [ L M s *
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3-(1- Napht hyl ) - 1- pr opyl 1-(3,3-dinethyl-1,2- dioxopentyl)piperidine-2
- carbot hi oate; 2, 2-Di phenyl et hyl (2S)-1-(3, 3-di net hyl - 2-

oxopent anoyleﬁ- ﬁ"@ eri di necar bot hi oate; 5 3, 3- D pheRrRisSss2

1- (3, 3-di net xopent anoyl ) - 2- pi peri di necar bot hi oat e;

3-(2- Napht hyl ) pr opyl (2R, S) - 1- (3, 3-di net hyl - 2-

oxopent anoyl ) - 2- pi peri di necar bot hi oat e; 4- Phenyl but yl

1- (3, 3-di net hyl - 2- oxopent anoyl )-2- 10 sBi peri di necar bot hi oat e;

3- Phenyl pr opyl 1- (3, 3-di net hyl - 2- oxopent anoyl ) - 2- pi peri di necar bot hi oat e;
3-(2- Chl or ophenyl ) pgepyl-NaphktHydl B- T peblyll- 2- 1-(3,3-dimethyl-1,2-
oxopent anoyl ) - 2- pi peri di necar bot hi oate; 15 3- (2- Fl uor ophenyl

1) propyl 1- 2-dizx®peinryl hpipr idicmpeicarbdohicatei;per i di necar bot hi oat e;
and 3-(3-Fl uorophenyl) propyl 1- (3, 3-di net hyl - 2-

oxopent anoyl ) - 2- pi p H%ﬁqkﬁgﬁﬁﬁlﬁEEMé 20(28) -1~ (55 3 -¢ramaonpdurd of
claiml, wherein. nis 2; d, X is S .,16. The cqonpound of claim 15, wherein
7 s Oerr]. 28*PPenbRBCR bR IRt B SATAREATOR RS

5 3,3-Diphenylpropyl 1-(3,3-dimethyl-2-oxopentanoyl) -2-
piperidinecarbothiocate;
3~ ({2-Naphthyl)propyl (2R, S} -1-(3,3~dimethyl-2-
oxopentanoyl) -2-piperidinecarbothiocate;
4 -Phenylbutyl 1-(3,3-dimethyl-2-oxopentanoyl)-2-
10 piperidinecarbothioate;
3-Phenylpropyl 1-(3,3-dimethyl-2-oxopentanoyl) -2-
piperidinecarbothiocate;
3-(2-Chlorophenyl)propyl 1-(3,3-dimethyl-2-
oxopentanoyl) -2-piperidinecarbothioate;
15 3-(2-Fluorophenyl)propyl i-(3,3-dimethyl-2-
oxopentanoyl) -2-piperidinecarbothicate; and
3-(3-Fluorophenyl)propyl 1-(3,3-dimethyl-2-

oxopentanoyl) -2-piperidinecarbothioate.

20 15. The compound of claim 1, wherein:
n is 2; and

X is S.

16. The compound of claim 15, wherein Z is CH,.

25

17. The compound of 15, wherein Z is S.

) O A A



WD 98/ 13343 PCT/ US97/ 15832 56 18. The
conpound of claim 15, wherein Zis CHRL. 19. The conpound of cl ai m 18,
which is 2-((l-Oxo- (2- (2 - phenyl )e thyl -4 -phenyl -but yl - 1-(3, 3

-dime thyl &leans di oxobutyl ) pi peridine. 20. A pharnaceutlca
conpositioﬁwé8§%¥¥£ing: (i) an effective anount of the coﬂﬁﬁﬂﬁﬂ %) aim 1
for effecting a neuronal activity; and 10 (ii1) a pharmaceutically
acceptable carrier. 21. The pharnaceuti cal conposition of claim 20,

wherein, in said conpound: n is 1; and Xis 0. 22. The
pharmaceutical conposition of claim?21, w%erein in said compound, Z is

CH2. 20 2318, mm@a&aaubfcaiamp@smn&hg;zc s3i @yg2, wherein
said conmpound is selected fromthe group conS|st|ng

(2S)-2-({1- Oxo-5-phenyl }- pentyI-I-(3 3-di net hyl -1,
di oxopentyl ) pyrrolidine;
3,3-Dinethyl -1-[ (29~ 2T§15 ‘fgnmmdmf) pbaimnkf which is 2-({1-Oxo-[2-

pyrrolidine]-1,2-pentan WO 98/,13343
PCT/ US97/ 158321 27 ?gg‘)‘yfg"ﬁ{l&l1q4eﬂfﬂenxlﬁhé>hsffn’)1}-lbdt3y|3 ~gimeghy3 -1dRret hyl

-1 2- 5 dioxobutyl) piperidine.

20. A pharmaceutical composition comprising:
(i) an effective amount of the compound of claim 1
for effecting a neuronal activity; and

10 {ii) a pharmaceutically acceptable carrier.

21. The pharmaceutical composition of claim 20,
wherein, in said compound:
n is 1; and

15 X is O.

22. The pharmaceutical composition of claim 21,

wherein, in said compound, Z is CH,.

20 23. The pharmaceutical composition of claim 22,
wherein said compound is selected from the group
consisting of:

(25) -2-({1-Oxo-S-phenyl}-pentyl-1-(3,3-dimethyl-1,2-
dioxopentyl)pyrrolidine;

25 3,3-Dimethyl-1-{(28)-2-{5~-(3-pyridyl)pentanoyl)-1-

pyrrolidine] -1, 2-pentanedione;

O R



di oxobutyl)pyrrolidine; ( 2S5) -2 - ({1 -Oxo

-4-phenyl }-butyl -1- (2-cycl ohexyl -1, 2- dioxoethyl)pyrrolidine; 5

2- ({!-0Oxo0-4-phenyl }-butyl-1-(3,3-dinmethyl--1, 2- dioxobutyl)pyrrolidine;
and 1-{(2S)-Z2- -di (4- Fl uor ophenyl ) pent anoyl ] - 2-

pyrrolidi ne}%g,kg'}%f'ﬂet hyl -1, 2- pent anedi one. 10 24. PQ'II'AUeS97I15832

phar maceuti cal conposition of claim2l, wherein, in said conpound, Zis S.
25. The pharnmaceutical conposition of claim 24, wherein said conpound is
selected fromthe group 15 consi stinggef: 2-Phenyl-I-ethyl

1- (3, 3-di net hyl -1, 2-di oxopentyl )-2- piperidinecarbot hi oat e;

(3- Thi oi ndol yl ) net hy25) - 2(-2n~bx634 3pHenpl PybudyP-1 0i D s0RR e h)1:=2; 2-
pyrrolidi necarbot hi oate; 20 2- Phenyl - 1- et hyl

(2S) - 1- ( 2- cycl ohddaptoutyl Jgivaxopédine) - 2- pyrrol i di necar bot hi oat e;

2- Phenyl - 1- et hyl (2S)-1-(1-cycl opentyl -1, 2-

di oxopencyl) - 2- pyr r SRPdi-Red 4R pB¥A BapRengl LR pfoeyclohexyl-1,2-
(25-1-(3,3-dinmethyl:1,.2- .25 di,oxopentyl ) -2-pyrrolidinecarbot hi oat e;
V0 o8 Gasas T dibicedtiyliByrro1 TuBAe) PCT/ US97/ 15832 58

3-(3-Pyridyl)-I-pr 0@¥'((ji1 -0%dN) ;%ﬁé{i?g}dimwl- 114, 3-dimethyl-1, 2-

di oxopentyl)-2-pyrrolidinecarbothi oa
dioxobutyl)pyrrolidine; and

1-{(28)-2-[5,5-di(4-Fluorophenyl)pentanoyl] -2-

pyrrolidine}-3,3-dimethyl-1,2-pentanedione.

10 24. The pharmaceutical composition of claim 21,

wherein, in said compound, Z is S.

25. The pharmaceutical compositicen of claim 24,
wherein said compound is selected from the group
15 consisting of:
2-Phenyl-l-ethyl 1-(3,3-dimethyl-1,2-dioxopentyl)-2-
piperidinecarbothiocate;
(3-Thioindolyl)methyl (28)-1-(3,3-dimethyl-1,2-
dioxopentyl) -2-pyrreolidinecarbothicate;
20 2-Phenyl-l1-ethyl (28)~-1-(2-cyclohexyl-1,2-
dioxopentyl) -2-pyrrolidinecarbothicate;
2-Phenyl-1-ethyl {28)-1-(1-cyclopentyl-1,2-
dioxopencyl) -2-pyrrolidinecarbethicate;
3~Phenyl-1-propvyl {28} -1-(3,3~dimethyl-1,2-

25 dioxopentyl) -2-pyrrolidinecarbothioate;

AR



3- Phenyl -1 - propyl (2S)-1-(2-cycl ohexyl -1, 2-

di oxoet hyl ) -2-pyrrolidi necarbothioate; 5 4- Phenyl -1 - but yl
(2S)-1-(2-cycl ohexyl -1, 2- di oxoet hyl ) -2-pyrrolidi necarbot hi oat e;

4- Phenyl -1 - but v| (2S)-1-(3,3-di net hyl -1, 2-

di oxopent yl J=27 ol i di necar bot hi oate; 3-(3-Pyridyl) - 1- pr¥pljpsrises2
(2S)-1-(2-cycl ohexyl -1, 2- 10 di oxopentyl)-2-pyrrolidinecarbothicate;
3, 3-Di phenyl -1 - propyl (2S)-1-(3,3-dinethyl-1, 2-

di oxopentyl)-2-pyrrolidinecarbot hi oate; 3¥83-D phenyl - 1- propyl
(2S)-1-(2-Cycl ohexyl -1, 2- di oxopentyl)-2-pyrrolidinecarbothioate; 15
3- (par a- Met hoxypheﬁy'l()"-'fyﬁ?-%) ~¥ oY) 3, 3- B Fetinyid, 3-dimethyl-1, 2-
1, 2-di oxopent yl ): 2-pyrral.d.di,necar bot hi oat e; .

3,3-Dlerr](par a% % re&cﬁ’ﬁéﬁfl’9¥?5f’8b€¥necaf§%§mﬁa€"§,"3-

di met hyl - 1, 2- di oxope 2= PY LA I nec hi ogte;

4, 4-Di (para-fl uor o%hgwy%%%ﬁt gl br(yfj% 3- 3{%%{ hl§|/'l 6}; Cfflohexyl-1,2-
oxopent anoyl ) - 23 sdedinydiinecaybebi @ah&casdd iy hyl ) propyl
(2S)-1-(3,3-di net hyl -2- oxopent anoyl ) -2-pyrrolidi necarbot hi oat e;

2, 2-Di phesyl et hyl 4-H23)yl-Q3B:dyret hyl28) -1-(2-cyclohexyl-1,2-
oxopent anoyl ) t et r ahydr o- 1H- 2- pyrr ol ecar bot hi oate; 25 3-(4-
(Trifl uor onet hyddPpsraniviisréppyrrolidxgycarkeg:lgioate;

di nmet hyl - 2- oxopent gn%\gg - 2- pxr roli dinecar boS hi_oat e; MWD 98/ 13343
PCT/ US97/ 15832 59 nYl' -buty (25) -1- (3,3'dlmethy1"l,2'

dioxopentyl) -2-pyrrolidinecarbothicate;

3-(3-Pyridyl) ~1-propyl (25) -1-(2-cyclohexyl-1,2-
10 dioxopentyl} -2-pyrrolidinecarbothicate;
3,3-Diphenyl-1-propyl (25} -1-(3,3-dimethyl-1, 2-

dioxopentyl) -2-pyrrolidinecarbothiocate;
3,3-Dipnenyl-1-propyl (28) -1-(2-Cyclohexyl-1,2-
dioxopentyl) -2-pyrrolidinecarbothiocate;
15 3- (para-Methoxyphenyl) -1-propyl (2S)-1-(3,3-dimethyl-
1,2-dicxopentyl) -2-pyrrolidinecarbothiocate;
3,3-Di(para-Fluorc)phenyl-1-propyl (28)-1-(3,3-
dimethyl-1, 2-dioxopentyl)-2-pyrrolidinecarbothicate;
4,4-Di (para-£fluorophenyl}butyl 1-{3,3-dimethyl-2-
20 oxopentanoyl) -2 -pyrrclidinecarbothioate;
3-(1-Naphthyl)propyl (25)-1-(3,3-dimethyl-2-
oxopentanoyl) -2 -pyrrolidinecarbothiocate;
2,2-Diphenylethyl {25)-1-(3,3-dimethyl-2-
oxopentanoyl)tetrahydro-1H-2-pyrrolecarbothioate;
25 3-[{4~ ({Triflucromethyl)phenyl] propyl {28) -1-(3,3~

dimethyl -2 -oxopentanoyl) -2-pyrrolidinecarbothiocate;
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3- (2- Napht hyl ) pr opyl (2S)-1-(3, 3-di net hyl - 2-

oxopent anoyl ) - 2- pyrrol i di necar bot hi oat e; 3-(3-Chl orophenyl ) propyl
(2S)-1-(3, 3-di net hyl -2- oxopent anoyl )-2-pyrrolidi necarbothioate; 5
3-[3-(Triflu | ) phenyl ) pr opyl (25)-1-(3, 3-
dinethyl-2-0§%ggﬁ%§§byl)-2-pyrro|idinecarbothioate; 3-(I--Brgﬁ@ﬁ§7?ﬁ?opy
(2S)-1-(3, 3-di net hyl -2- oxopentanoyl)-2 -pyrrol idinecarbothioate;

3- (2- Fl uor ophenyl ) propyl (2S)-1-(3,3-di nethyl-2- 10

oxopent anoyl ) - 2- pyrrol i di necar bot hi oate; 89(3-Fl uorophenyl) propyl
(2S)-1-(3, 3-di net hyl -2- oxopent anoyl ) -2-pyrrolidi necarbot hi oat e;

3- (2- Chl or ophenyl ) pRopyA -Naphylzg} ) prepyd- di netgl - 2- (3, 3-dimethyl-2-
oxopent anoyl ) - 2- pyrrol i di ngcarbot hi oate; and 15

3- (3, 4- Di et hoxy‘%l}‘/%‘?ﬁr'}"j%&}I'2(ES¥rqlf%%fB=%ﬁ#mW°az-e;

oxopent anoyl ) - 2- pyr ol i dj r hot hi.qate. 26. The pharnmaceuti cal
conposi tion of clai%\éa,b&ﬁéﬁéﬁbﬁn¥#1Eﬁﬁgyiconpoﬁﬁﬁfﬁf 3,3-dimethyls24; and
oo 7 1 o RGN L5 2y EROROS AL Afles I, 26 vherel . T sal
PCT/ US97/ 16832 60 28~ [IbeTphEruBreREtngAl pheRPOSHELGY Of 26 spberel ny_
dimethyl-2-oxopentanoyl)-2-pyrrolidinecarbothioate;
3-(1-Biphenyl)propyl (25)-1-(3,3-dimethyl-2-

oxopentanoyl) -2-pyrrolidinecarbothioate;

3-(2-Fluorophenyl)propyl (25)-1-(3,3-dimethyl-2-
l0 oxopentanoyl) -2-pyrrolidinecarbothioate;
3- (3-Fluorophenyl)prcpyl (28)-1-(3,3~-dimethyl-2-~

oxopentanoyl) -2-pyrrolidinecarbothiocate;
3-{2-Chlorophenyl)propyl (25)-1-(3,3~-dimethyl-2-
oxopentanoyl) -2-pyrrolidinecarbothicate; and
15 3-(3,4-Dimethoxyphenyl)propyl (25)-1-(3,3-dimethyl-2-

oxopentanoyl) -2-pyrrolidinecarbothioate.

26. The pharmaceutical composition of c¢laim 20,

wherein, in said compound:

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

.wherein, in said compound, Z is CH,.

25
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in said conpound, z is S. 29. The pharnmaceutical conposition of claim 20,
5 wherein, in said conpound: nis 2; and X is 0. 30. The

pharmaceuti cal conposition of claim?29, 10 wherein, in said conpound, Z
is CH2. 31. Thgvgharnaceutical conposition of claim30, wherein said
conmpound i sYOMBEIMEY from the group consisting of: 15 PCT/US97/15832

2-({l-gerr]-6-phenyl}-hexyl-1-(3,3-di nethyl -1, 2- di oxobutyl) pi peridine;
and 3, 3-Di net hyl -1-[ 2-(4-phenyl pent anoyl ) pi peri dino]-1, 2- pentanedi one. 20

32. The pharnmaceutical conposition of ebaim 29, wherein, in said
conpound, Zis S. 33. The pharmaceutical conposition of claim32, wherein
sai d conpound is seéPect e fpkarmarewingl 2®mpositinsi ofi g, ofthereid\D

98/ 13343 - . . , PCT/ US97/ 15832 61
2-Phenyl - | - et hy® S3i&,Epmpounds & hgt$yl - 1, 2-

di oxopentyl)-2-pyrrolidinecarbot hi oate; 2-Phenyl - 1-ethyl

1- (2- phenyl - 1, 2- di oxoet hyl ) - 2- pi peri di necar bot hi oate; 5

3-Phenyl - 1-propyl | 24 3, 3-HHdep Ry tmdcdati ROPBEYLSs 2rion of claim 20,

5- wherein, in said compound:
n is 2; and

X is 0.

30. The pharmaceutical composition of claim 29,

10 wherein, in said compound, Z is CH,.

31. The pharmaceutical composition of claim 30,
wherein said compound is selected from the group
consisting of:

15 2-({1-0x0-6-phenyl}-hexyl-1-(3,3-dimethyl-1,2-
dioxobutyl)piperidine; and

3,3-Dimethyl-1-[2- (4-phenylpentanoyl)piperidino] -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:

(T



pi peri di necar bot hi oat e; 4-Phenyl - 1-butyl 1-(1, 2-di oxo-3, 3-di net hyl butyl)

-2- piperidinecarbothioate; 1,5-D phenyl-3-pentyl 1-(3,3-dinethyl-1,2-
10 dioxopentyl) 2- pi peridi necarbot hi cate; 1,5-Di phenyl -3-nercapt opentyl
1- (3- phenyl - dsgxoet hyl) - 2- pi peri di necar bot hi oat e;

3- (par a- Met hoxy %enyl) 1- propyl 1- (1, 2-di oxo- 3, 3- PCT/USI715832

di met hyl pencyl ) pi peri di ne- 2-car bot hi oate; 15

3- (par a- Met hoxyphenyl ) - 1- pr opyl 1- (2- phenyl -1, 2-

di oxoet hyl ) pi peri di ne- 2-car bot hi oat e; 3-(16INabht hyl ) -1 - propyl

1- (3, 3-dinethyl -1, 2- di oxopentyl) pi peridi ne-2-car bot hi oat e;

2,2-Di phenyl ethyl 2 12Bpnyld 3eqhadt hyl {2.5)20L- (3,3~ -dimethyl-1,2-

) -2- di h 3, 3-Di |
5 et byt - S ESRERTEN G %Yfroﬁﬁﬁépﬁaﬁﬁ%eﬁ?m%frﬁp bat
3-(2- Napht hyl') propyl,_ P@%ﬁ?ﬂsh @%&3 d'gegaybhgnyl-&:Bﬁg%?FBSngl)-2-

oxopent anoyl ) - 2- pi peri arbot I"oat e;
1- (3, 3-di net hyl - ggf&u&ﬁéﬁuzﬂdkhaba@éperld|necarbothioate; WO 98/ 13343

PCT/ US97/ 15832 62 3- Phenyl propyl 1- (3, 3-di net hyl - 2- oxopent anoyl ) - 2-
pi peri di negar bot hi oat-®hedy( 21 Ghroppbheny| I pdomythyl - 11,-A-AidxdbieynyL 2 2-
piperidinecarbothiocate;
4-Phenyl-l-butyl 1-(1,2-dioxo-3,3-dimethylbutyl) -2-
piperidinecarbothioate;
'1,5-Diphenyl-3-pentyl 1-(3,3-dimethyl-1,2-
10 dioxopentyl) -2-piperidinecarbothiocate;
l,5-Diphenyl-3-mercaptopentyl 1-{(3-phenyl-1,2-
dioxoethyl) -2-piperidinecarbothiocate;
3- {para-Methoxyphenyl) -1-propyl 1-{1,2-dioxo-3,3-
dimethylpentyl) piperidine-2-carbothioate;
15 3-{para-Methoxyphenyl) -1-propyl 1-(2-phenyl-1,2-
dioxoethyl)piperidine-2-carpbothiocate;
3-(1-Naphthyl)-1-propyl 1-{(3,3-dimethyl-1,2-
dioxopentyl)piperidine-2-carbothiocate;
2,2-Diphenylethyl {25)-1-(3,3-dimethyl-2-
20 oxopentanoyl) -2-piperidinecarbothiocate;
3,3-Diphenylpropyl 1-(3,3-dimethyl-2-oxopentanoyl) -2-
piperidinecarbothicate;
3- (2-Naphthyl)propyl (2R, S)~1~(3,3-dimethyl-2-
oxopentanoyl) -2-piperidinecarbothiocate;
25 4-Phenylbutyl 1-(3,3-dimethyl ~2-oxopentancyl) -2~

piperidinecarbothicate;

R



oxopent anoyl ) - 2- pi peri di necar bot hi oate; 5 3- (2- Fl uor ophenyl ) propyl
1- (3, 3-di net hyl - 2- oxopent anoyl ) - 2- pi peri di necar bot hi oate; and

3- (3- Fl uor ophenyl ) propyl 1- (3, 3-di net hyl - 2-
oxopentanoyk&-ﬁ%ggﬁeridinecarbothioate. 10 34. The pharnaceuti cal
conposi ti on o1 m 20, wherein, in said conmpound: n is 2PCHH®PTASEY S 15
35. The pharnaceutical conposition of claim34, wherein, in said

conmpound, Z is CH2. 36. The pharnmaceutical conposition of 34, wherein, in
said compound, Zis S. 20 37. The pharnmad&uti cal conposition of claim 34,

wherein, in said cq und, Z is CHRL. 38. _ The pharnmaceutical conposition
of claim37, 25 q&ﬁ&P@FHrQQYH corpédnd-¢Emechy -2 -oxopepatdyl) -2 -

bphﬁnyl}E:hél]*éiééﬁﬁé%ﬂgaéiéﬁghk°5tg?t yl -1- (3, 3-dimet hyl -1, 2 - *
nouronal activity b ooy Rer e EraBYts © T e nRske 1 Lo the
ani mal an ef f eadstoreraimieiil ) Ok -piperidinecarbothioate;
5 3-(2-Fluorophenyl)propyl 1-(3,3-dimethyl-2-
oxopentanoyl)-2-piperidinecarbothioate; and

3-{(3-Fluorophenyl)propyl 1-(3,3~-dimethyl-2-

oxopentanoyl) -2-piperidinecarbothiocate.

10 34. The pharmaceutical composition of claim 20,
wherein, in said compound:
n is 2; and

X is 8.

15 35. The pharmaceutical composition of claim 34,

wherein, in said compound, Z is CH,.

36. The pharmaceutical composition of 34, wherein,

in said compound, 2 is S.

20
37. The pharmaceutical composition of claim 34,
wherein, in said compound, Z is CHR,.
38. The pharmaceutical composition of claim 37,
25 wherein said compound is 2-({1-Oxo-[2-({2’-phenyl}ethyl] -

4-phenyl}-butyl-1-(3,3-dimethyl-1, 2-

* c L M $ *



t he conpound of claim1. 40. The nethod of claim 39, wherein the neuronal
activity is selected fromthe group consisting of 10 stinul ation of

darmaged neurons, pronotion of neuronal regeneration, prevention of

neurodegenermﬁn 3“gmd treatment of neurol ogi cal disorder. é%!' Thlgﬂarrﬂ hod
o7 rom

of claim 40, eréln t he neurol ogi cal 15 di sorder is

the group consisting of peripheral neuropathy caused by physical injury
or disease state, traumatic injury to the brain, physical danage to the
spinal cord, stroke associated with brain _damage, and neur ol ogi cal

di sor der rel ating to 20 neur odegenération. 42. The nethod of claim

41, wherein the dicawobgilgalipdi-saiger relating to neurodegeneration is
selected fromthe group consisting of Al zheiner's Disease, Parkinson's 25

D sease, and anyotrophic lateral sclerosis. WO 96/ 13343
PCT/ US97/ 15832 64 43. The nethod of claim39, wherein, in said
conpound: n is 1; afd-XA §eghodifor effeqrdigod néurdmdinadivivpeiQidy N
sai d compound, %ﬂ.s EHZ. 45. ,The net hod of cl aim 44, wherein said conpound
i s ilmadl, compr:.s:.ng:

5 administering to the animal an effective amount of

the compound of claim 1.

40. The method of claim 39, wherein the neuronal

activity is selected from the group consisting of

10 stimulation of damaged neurons, promotion of neuronal
regeneration, prevention of neurodegeneration and

treatment of neurological disorder.

41. The method of claim 40, wherein the neurclogical

15 discrder is selected from the group consisting of
pefipheral neuropathy caused by physical injury or
disease state, traumatic injury to the brain, physical
damage to the spinal cord, stroke associated with brain
damage, and neurological disorder relating to

20 neurodegeneration.

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

25 Disease, and amyotrophic lateral sclerosis.

* [ L M S *



10 selected fromthe group consisting of:
(2S)-2-({Il-Oxo-5-phenyl | -pentyl-1-(3,3-di nethyl-I,2- dioxopentyl)
pyrrolidine; 3,3-Dinmethyl-I1-[(2S)-2-(5-(3-pyridyl)pentanoyl)-1-
pyrrolidinel-l,z- ent anedi one; 15

(2S)-2-({1- sgﬁenyl}-butyl-l-(S,S-dinethyl-1,2- di oxobRfERAIHI83Y| i di ne;
(2S) -2- ({1-derr]-4-phenyl)-butyl-I-(2-cycl ohexyl-1, 2-

di oxoet hyl ) pyrrolidine; 2-((1-0xo-4-phenyl}-butyl-1-(3,3-dinmethyl-1,2- 20

di oxobutyl)pyrrolidine; and 1-{(2S)-2-(5gp-di(4-Fl uorophenyl)pentanoyl]-2-
pyrrolidine)-3,3-di methyl -1, 2-pent anedi one. 46. The net hod of cl ai m 43,

wherein, in said &b. 'f‘ﬁ@rfpﬁ.ﬁ’mbd ZoFS aim W9, 9&“&%@5
PCT/ US97/ 15832 65 47. The method of cl ai m 46, wherein said conpounéils
sel ected from t@empgredp consi sting of: 2-Phenyl - 1-ethyl 1-
(3,3-dinethyl -1, 2- dlongentyI) -2- piperidinecarbothioate; 5
(3-Thioindo|y|)net‘hyil's P @) - 1- (3, 3-di methyl -1, 2-

di oxopentyl)-2-pyrgoli necarbothioate; 2- Phenyl - | - et hyl
(2S)-1-(2-cycl ohexy1*9,2- di oxopentyl)-2-pyrrolidi necar bot hi oat e;

2- Phenyl gl1- et hyl (2S)-1-(1-cycl opentyl -

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

compound, Z is CH,.

45. The method of claim 44, wherein said compound is
10 selected from the group consisting of:
(25)-2-({1-Oxo-5-phenyl}-pentyl-1-(3,3-dimethyl-1,2-
dioxopentyl)pyrrolidine;
3,3-Dimethyl-1-{(28)-2~(5-(3-pyridyl)pentanoyl)-1-
pyrrolidine] -1, 2-pentanedione;
15 (28)-2-({1-0Ox0-4-phenyl}-butyl-1-(3,3-dimethyl-1,2-
dioxobutyl)pyrrolidine;
(28) ~-2-{{1-0Oxo-4-phenyl}-butyl-1-{2-cyclohexyl-1,2-
dioxoethyl)pyrreolidine;
2-({1-0Oxo-4-phenyl}-butyl-1-(3,3-dimethyl-1,2-
20 dioxobutyl)pyrrolidine; and
1-{(28)-2-[5,5-di{4-Fluorophenyl)pentanoyl] -2-

pyrrolidine}-3,3-dimethyl-1,2-pentanedione.

46. The method of claim 43, wherein, in said

25 compound, Z is S.
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10 di oxopentyl)-2-pyrrolidinecarbothi oate; 3-Phenyl-1 -propyl
(2S)-1-(3, 3-di net hyl -1, 2- di oxopentyl)-2-pyrrol idinecarbothioate; 3-
(3-Pyridyl) -1-propyl (2S) -1- (3,3-dinethyl-1, 2-

di oxopent yl ) 2= QvLkQl i di necar bot hi oate; 15 3- Phenyl -

(2S)-1-(2-cyc oﬂ%l)% -1, 2- di oxoechyl)-2-pyrrolidi necarbot hi %CP{]&%L“Z

4- Phenyl -1 - but yl (28) 1- (2-cycl ohexyl -1, 2-

di oxoet hyl ) - 2- pyrrol i di necar bot hi oate; 4-Phenyl-1-butyl
(2S)-1-(3,3-dinethyl-1,2- 20 di oxopent8A ) - 2- pyrrol i di necar bot hi oat e;

3-(3-Pyridyl)-I- 25 Lohexyl =1 2-. .

di gxogg:mlt y|>l))2 oyrr ol Rat A 851 SEa R, ShET5En 5314 fAmpound 1s
25)-1- (3, 3-d bot hi oat e; 25

573 Di phenyl -1 pragyTos 758 PR IEuR) @ﬁ*é%&%?%h%'é%f?;ogené v -2

- pyrrolidinecar bot hiathnyl -1 VX881 133433-dimethyl- dloxopentyl) 2-
PCT/ US97/ 15832 66 3-(para- N@thoxyphenyl)-l-propy (28) 1- (3, 3-di nethyl -

1, 2-di oxopent yl )pﬂp@yxdmeqknbec&:anbetbl,oate

3, 3-Di ( par a- Fl uor o) phenyl - 1- propé 2S) - EB 3-
di met hyl - 152- di oxope@yAbloingely PWGF#@éarboﬁ 5&&96‘353 dimethyl-1,2-

4, 4-Di (para-fluorophen t 3,.3-di net
oxopentanoyl) 2- %§$¥?ﬁ%ﬁgﬁé érBK*HPééFéneﬁafHQ tﬁifl)propy
(29)-1-(3,3 dImathylz-zéhenyl—l-ethyl (25) -1 -(2 cyclchexyl-1,2-

dioxopentyl)-2-pyrrelidinecarbothiocate;

2-Phenyl-1-ethyl {28)-1-(1-cyclopentyl-1,2-
10 dioxocpentyl) -2-pyrrolidinecarbothioate;
3-Phenyl-1-propyl (28)-1-(3,3-dimethyl-1,2-

dioxopentyl) -2-pyrrolidinecarbothiocate;
3-(3-Pyridyl) -1-preopyl (258} -1-(3,3~-dimethyl-1,2-
dioxopentyl) -2-pyrrolidinecarkothicate;
15 3-Phenyl-1l-propyl {(28)-1-(2-cyclohexyl-1,2-
dioxcetnyl) -2-pyrrolidinecarbothioate;
4-Phenyl-1-butyl {25)-1-{(2-cyclohexyl-1,2-
dioxocethyl) -2-pyrrolidinecarbothioate;
4-Phenyl-1l-butyl (28)-1-(3,3-dimethyl-1,2-
20 dioxopentyl) -2-pyrrclidinecarbothiocate;
3-(3-Pyridyl) -1-propyl (28) -1~ (2-cyclohexyl-1,2-
dioxopentyl) -2-pyrrolidinecarbothiocate;
3,3-Diphenyl-1-propyl (28)-1-(3,3-dimethyl-1,2-
dioxopentyl)-2-pyrrolidinecarbothiocate;
25 3,3-Diphenyl-1l-propyl (28) -1-{(2-Cyclohexyl-1,2-

dioxopentyl) -2-pyrrolidinecarbothiocate;

(O



oxopent anoyl ) -

(2S)-1-(3, 3-d

2-pyrrolidinecarbot hioate; 2,2-D phenyl et hyl
I imethyl-2- 10

oxopent anoyl ) t et rahydr o- 1H 2- pyrr ol ecar bot hi oat €;

3- [4(Tr|flg&;%g%{4 yl ) phenyl ] pr opyl (295)-1-(3, 3-

di met hyl
(2S)-1-(3,3-d

noyl ) - 2- pyrrol i di necarbot hi oate; 3-(2- hﬂ%ﬁ?ﬂ?ﬂ?ﬁ%opyl
I met hyl - 2- oxopent anoyl ) - 2- pyrrolldlnecarbothloate

3- (3- Chl or ophenyl ) propyl (2S)-1-(3, 3-di net hyl -

oxopent anoyl ) -

3-[3-(Trifluo
di net hyl - 2- ox
(2S)-1-(3, 3-di
3-(2-Fl uoroph
oxopent anoyl )
(25)-1-(3, 3-d
3-(2-Cnhl oroph
oxopent anoyl )
PCT/ US976£1583
oxopent anoyl ) -
wherein, in

10

15

20

25

2-pyrrolidinecarbot hi oat ejge

ronmet hyl ) phenyl ) pr opyl (2S5) -1- (3, 3-

openﬁadpyr?- ghaxyplhedy h e chrioddyiloazs) - 8- (1 Bidiheinll pr opy!
i met -2- 20 oxopent anoyl ) - 2- pyrrol i di necar bot hi oat e;
ehyt 7%ﬁ?ﬁgﬂentvl>c?spyzreélélnﬁ¢ﬁxb@nhxpate

et iy 3#?3'93%%3 &ipﬁé‘é&éﬁzt‘ﬁ&'ﬁ% Py, 25
egypyr ryollpi i eSS §f§ht%1§ Id""ma“E %W%Eéoate;
2 67434(3i4 E&BE?iﬁﬁbﬁﬁﬁﬂﬁﬁﬁH®UQQﬁ| (ZED(iLaﬁénﬁegtht9y| 2-

2- pyrrolldlnecarbothloate The alrm 39,
saxmbéhtanoydoWpepydromldSnécamethloate,

3-(1-Naphthyl)propyl (2S8) -1-(3,3-dimethyl-2-
oxcpentanoyl) -2-pyrrolidinecarbothioate;
2,2-Diphenylethyl (28)-1-(3,3-dimethyl-2-
oxopentanoyl) tetrahydro-1H-2-pyrrolecarbothiocate;
3-[4- (Trifluoromethyl)phenyl] propyl (28)-1-(3,3~
dimethyl-2-oxopentanoyl) -2-pyrrolidinecarbothiocate;
3-(2-Naphthyl)propyl (25) -1-(3,3~dimethyl-2-
oxopentanoyl) -2-pyrrolidinecarbothicate;
3-(3~Chlorophenyl) propyl (25)-1-(3,3~-dimethyl-2-
oxopentanoyl) -2-pyrrolidinecarbothiocate;
3-[3-(Trifluoromethyl)phenyl)propyl (28)-1-1{3,3-
dimethyl-2-oxopentanoyl) -2-pyrrolidinecarbothiocate;
3-(1-Biphenyl)propyl {(28)-1-(3,3-dimethyl-2-
oxopentanoyl) -2-pyrrolidinecarbothiocate;
3- (2-Fluorcphenyl) propyl (25) -1-(3,3-dimethyl-2-
oxopentanoyl) -2-pyrrolidinecarbothioate;
3-{3-Fluorcphenyl)propyl (25) ~1-(3,3-dimethyl-2-
oxopencanoyl) -2-pyrrolidinecarbothioate;
3-(2-Chlorophenyl) propyl (25) -1-(3,3-dimethyl-2-

oxopentanoyl) -2-pyrrolidinecarbothiocate; and

A



Xis S 49. The nethod of claim 48, wherein, in said 10

conpound, Zis CHerr]. 50. The nmethod of «claim48, wherein, in said
conmpound, Z is S. 15 51. The nmethod of claim 39, wherein, in
sai d conpouq; 2 and X is 0. 20 52. The nmethod of claim
51, wherein, |n sald conpound, Z is CH2. 53. The method JCTASIVIFSY,
wherein said conpound is selected fromthe group consisting of: 25

2- ({1- Oxo- 6- phenyl } - hexyl - 1- (3, 3-di net hyl - 1, 2- di oxobutyl) pi peri di ne; and
WD 98/ 13343 67 PCT/ US97/ 15832 68

3, 3-Di net hyl - 1-[ 2- (4- phenyl pent anoyl ) pi peri di no] -1, 2- pent anedi one. 54.
The method of cl ai i35, 4-bimechoxyphanydabdobyl (280PAANG -dZmbtthy3-225- The
nmet hod of claim54, wherein said conpound is selected fromthe group

consi sting of: 2XPRepyanaykl t3ipyrrqliginecasbdcticetayl -1, 2- 10

di oxopentyl)-2-pyrrolidinecarbot hi oate; 2-Phenyl - 1-ethyl

1- (2- phenyl - 1, 2- di oxoet hyl ) - 2-

48. The method of claim 39, wherein, in said
5 compound :

n is 1; and

X is 8.

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

S50. The method of claim 48, wherein, in said

compound, Z is S.

15 51. The method of claim 39, wherein, in said
compound :
n is 2; and

X is 0.

20 52. The method of c¢laim 51, wherein, in said

compound, Z is CH,.

53. The method of claim 52, wherein said compound is
selected from the group consisting of:
25 2-({1-0Oxo0-6-phenyl}-hexyl-1-(3,3-dimethyl-1,2-

dioxobutyl)piperidine; and

I



pi peri di necar bot hi oat e; 3-Phenyl -I-propyl 2- (3, 3-dinethyl-2.,2-di oxobutyl)

-2- piperidinecarbothioate; 15 4- Phenyl -1 - but yl

1- (1, 2-di oxo- 3, 3-di met hyl butyl) -2- piperidi necarbot hi oat e;

1, 5-Di phenyl 3-pentyl 1- (3, 3-di net hyl -1, 2-

di oxopent yi W 9%‘1%“ di necar bot hi oat e; 1, 5- Di phenyl - 3- mer cBETEHEA8?

1- (3-phenyl-1,2- 20 di oxoet hyl ) - 2- pi peri di necar bot hi oat e;

3- (par a- Met hoxyphenyl ) - 1- pr opyl 1- (1, 2-di axo- 3, 3-

di met hyl pentyl ) pi peri di ne- 2- car bot hi oat egg3- ( par a- Met hoxyphenyl ) - 1- pr opyl
1- (2- phenyl - 1, 2- di oxoet hyl ) pi peri di ne- 2- carbothloate 25

3- (I - Napht hyl ) - 1- pB ppyDimethi 1(-3.-32di( 4BsHuHy1bedtan -
di oxopentyl) pi peri di ne- 2- c;%%othloatgEts Kﬁg 98/ 10¥32?1per1d1no] "2
PCT/ US97/ 15832 pertangdibppaenyl et hyl (2S)-1-(3, 3-di net hyl -

oxopent anoyl ) - 2- pi peri di necar bot hi oat e; 3, 3- Di phenyl pr opyl

1- (3, 3-di net hyl - 2- oxopent anoyl ) - 2- pi peri di necar bot hi oate; 5

gxégewﬁgﬂgcrg)prOp%érud.%ﬁ ﬁ%ﬁ%ﬁ#%a?éduggéE%L§Fbuf@her&ln: in said

1-(3, 3-di thYEo% pBuAReNLangy. g 2- pi peridinecarbot hi oate; 3-Phenyl propyl
1-(3, 3- dlnethyl oxopentanoy -2-

55. The method of claim 54, wherein said compound is
selected from the group consisting of:
2-Phenyl-l-ethyl {25)-1-(3,3-dimethyl-1,2-
10 dioxopentyl) -2-pyrrolidinecarbothiocate;
2-Phenyl-1-ethyl 1-{(2-phenyl-1,2-dioxoethyl)-2-
piperidinecarbothiocate;
3-Phenyl-1-propyl 1-(3,3-dimethyl-1,2-dioxobutyl)-2-
piperidinecarbothioate;
15 4-Phenyl-1-butyl 1-(1,2-dioxc-3,3-dimethylbutyl) -2-
piperidinecarbothicate;
1,5-Diphenyl-3-pentyl 1-{3,3-dimethyl-1,2-
dioxopentyl) -2-piperidinecarbothioate;
1,5-Diphenyl-3-~-mercaptopentyl l1-{(3-phenyl-1,2-
20 dioxocethyl) -2-piperidinecarbothiocate;
3-(para-Methoxyphenyl)-1-propyl 1-(1,2-dioxo-3,3-
dimethylpentyl)piperidine-2-carbothiocate;
3- (para-Methoxyphenyl) -1-propyl 1-{2-phenyl-1,2-
dioxoethyl)piperidine-2-carbothiocate;
25 3-(i-Naphthyl) -1-propyl 1-(3,3-dimechyl-1,2-

dioxopentcyl)piperidine-2-carbothioate;

R



10 pi peri di necar bot hi oat e; 3-(2-Chl or ophenyl ) propyl
1- (3, 3-di net hyl - 2- oxopent anoyl ) - 2- pi peri di necar bot hi oat e;

3- (2- Fl uor ophenyl ) propyl 1- (3, 3-di net hyl - 2-

oxopent anoy! hrvsrRk{der | di necar bot hi oate; and 15

3- (3-Fl uor op%\veny j|§‘r§opyl 1- (3, 3-di net hyl - 2- PCT/US97/15832
oxopent anoyl ) - 2- pi peri di necar bot hi oate. 56. The nmet hod of claim 39,
wherein, in said conpound: 20 nis 2, and Xis S. 57. The net hod

of claimb56, wherein, in said conmpound, 68is CHerr]. 25 70 58. The
met hod of 56, wherein, in said conpound, Zis S. 59. The net hod of claim
56, wherein in sai @ conBeRRERYIRETOHR] er {25661 - ( Irha -dsimethofl <2 ai m 59,

wher ei id ' - 1.-Ox05[2-{2' - phenyl t hyl ] - 4- phenyl

el 3OS oAb ds Rl et P ey )
d di t i t fecti I

ComRELns SeCa L0 43 SRR T R sty

accordi ng to anyigde dinedadbBth2Bate;38 for effecting a neuronal activity
in an aninmal. 63. The use according to claim6l or 62, wherein the

neuronal activity Bs (eNaghtdhylrgeddel gr odpReENSILSH(i3NP -Hinmdtinged ag L on of
danmaged neurons, pronotion of neuronal regeneration, prevention of
neur odegener at | SfPRANFaNCYa! ménpiperidinecarbothicate;

4 -Phenylbutyl 1-(3,3-dimethyl-2-oxopentanoyl) -2-
piperidinecarbothioate;
3-Phenylpropyl 1-(3,3-dimethyl-2-oxopentanoyl) -2-
10 piperidinecarbothiocate;
3-(2-Chlorophenyl)propyl 1-{3,3-dimethyl-2-
oxopentanoyl) ~-2-piperidinecarbothiocate;
3-(2-Fluorophenyl)propyl 1-{(3,3~-dimethyl-2-~
oxopentanoyl) -2-piperidinecarbothiocate; and
15 3-(3-Fluorophenyl)propyl 1-(3,3-dimethyl-2-

oxopentanoyl) -2-piperidinecarbothiocate.

5¢6. The method of claim 39, wherein, in said
compound :
20 n is 2; and
X is S.
57. The method of claim 56, wherein, in said

compound, Z is CH,.

25

AN



neur ol ogi cal di sorder. 64. The use according to claim63, wherein the
neurol ogi cal disorder is selected fromthe group consisting of peripheral
neur opat hy caused by physical injury or disease state, traumatic injury to
the brain, physical damage to the spinal cord, stroke associated with brain
damage, anavmumuhgi cal disorder relating to neurodegenePEIUSATISHE, The
use according to claim64, wherein the neurological disorder relating to
neur odegeneration is selected fromthe group consisting of Al zheiner's

Di sease, Parkinson's Disease, and anyotrgphic |ateral sclerosis.

58. The method of 56, wherein, in said compound, 2

is 8.
59, The method of c¢laim 56, wherein in said
5 compound, 2 is CHR,.

60. The method of claim 59, wherein said compound is
2-({1-0xo-[2-{2’ -phenyl}ethyl] -4-phenyl}-~butyl-1-(3,3-

dimethyl-1l, 2-diocxobutyl)piperidine.
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