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HETEROCYCLIC THIOESTERS AND KETONES 

This application is a ·continuation-in-part of U.S. 

Patent Application No. 08/721,765, filed September 25, 

5 1996, the entire content of which is herein incorporated 

by reference. 

BACKGROUND OF THE INVENTION 

10 l. Field of Invention 

This invention relates to neurotrophic low molecular 

weight, small molecule heterocyclic thioesters and 

ketones having an affinity for FKBP-type immunophilins, 

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 imrnunophilin refers to a number of proteins 

that serve as receptors for the principal 

20 immunosuppressant drugs, cyclosporin A (CsA), FKS06 and 

rapamycin. Known classes of immu~ophilins are 

cyclophil.ins and FKS06 binding proteins, or FKBPs. 

Cyclosporin A binds to cyclophilin A while FKS06 and 

rapamycin bind to FKBP12. These immunophilin-drug 

25 complexes int:erface with various intracellular signal 

transduction systems, especially the immune and nervous 

systems. 
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Immunophilins are known to have peptidyl-prolyl 

isomerase (P.P!ase), or rotamase, enzyme activity. It has 
. . 

been determined that rotamase enzyme activity plays a 

role in the catalyzation of the interconversion of the 

cis and trans isomers of peptide and.protei~ substrates· 

for the immunophilin proteins. 

Immunophilins were originally discovered and studied. 

in the immune tissue. It was initially postulated by 

those ~killed in the art that inhibition of the 

immuncphilins' rotamase activity leads to inhibition of 

T-cell p:-oliferation, thereby causing the 

immunosuppressive ac~ivity exhibited by imrnunosuppressant 

drugs, such as cyclosporin A, FK506 and rapamycin. 

Fur~her study has shown that the inhibition of rotamase 

ac;:~vity, in and of itself, does not resul~ in 

immunosuppressive activity. Schreiber et al., Science, 

1990, vol. 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. In. 

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 leads .:o T-cell proliferation. Similarly, the 
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immunophilin-drug complex of FKBP-rapamycin interacts 

with the RAFTl/FRAP protein and inhibits the IL-2 

receptor signalling. 
. . . 

I I 
.r 

· Immunophilins have been found to be present at high 

concentrations in the central nervous syste~. 

Immunophilins are enriched. 10-50 times more . in the 

central nervous system than in the immune system. Within 

neural tissues, immunophilins appear to influence nitric 

oxide synt:hesis, neurotransmitter. release .and neuronal 

· 10 process extension. 

!~ has been found that picomolar concentrations ·of 

an immunosuppressant such as FK506 and rapamycin 

stimulat:e neuri te outgrowth in PC12 cells and sensory 

neurons, namely dorsal root: ganglion cells (DRGs). Lyons 

:!.5 et a:., Proc. of Natl. Acad. Sci., 1994, vol. 91,"'·pp. 

319:-3195. I:::i whole ·animal experiments, FK506 has been 

shown to st:imulate nerve regeneration following facial 

nerve injury. 

Surprisingly, it has been found that certain 

20 compounds with a high affinity 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 neuronal 

regrowth in· the central nervous system (CNS). Studies 

. 1 ·. . •· .. 
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have demonstrated that·neurodegenerative disorders, such 

as Alzheimer's disease, Parkinson's disease and 

amyotrophic lateral sclerosis {ALS), may occur due to the 

loss, or decreased availability, of a neurotrophic 

substance specific for a particular population of neurons 

affected in the disorder. .. 

Several neurotrophic tactors affecting specific 

neuronal populations in the central nervous system have 

been identified. For example, it has been hypothesized 

that Alzheime='s disease results from a decrease or loss 

of nerve grcwt.h fact.or (NGF) .. It has thus -been proposed 

to trea~ SD~.'!' patients with exogenous nerve growth factor 

or other neurotrophic proteins, such as brain derived 

growt.h fac~or, glial derived growth factor, ciliary 

neu=ocrophic factor and neurotropin-3, . ' to increase the 

survival of degenerating neuronal populations. 

Clinical application of these proteins in various 

neu~ological disease states is hampered by difficulties 

in the delivery and bioavailability of large proteins to 

20 nervous syst.em targets. By contrast, immunosuppressant 

drugs with neurot:rophic 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 nephrocoxicity, such as impairment of 

glorner~lar filtration and irreversible interstitial 

. . . . . . . . . . .· ·.· 
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fibrosis (Kopp· et al., J. Arn. Soc .. Nephrol., 1991, 

1:162); neurological deficits, such as involuntary 

tremors, or non-specific cerebral angina, such as non-
1 

• J localized headaches (De Groen et al., N. Engl. J. Med., 
.r 

5 1987, 317:861) i and vascular hypertension with 

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

J. Med., 1989, 321:1725). 

To prevent the side effects assoc~ated 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 neuropathological situations where neuronal 

repair can be facilitated, including: peripheral nerve 

15 damage caused by physical injury or disease state sueh as 

diabetes; 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 :INVENT:!ON 

The present invention relates to neurotrophic low 

molecula:?: weight, small molecule compounds having an 

25 affinity for FKBP-t:ype immunophilins. Once bound to 

these prol:eins. the neurotrophic compounds are potent 

··'. ·.·· ... · 
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inhibitors of the enzyme activity associated with 

immunophilin ·proteins, particularly peptidyl-prolyl 

isomerase, or rotamase, enzyme activity. A key feature 

of the compounds of the present invention is that they do 

not exert any significant immunosuppressive activity in 

addition to their neurotrophic activity. 

Specifically, the present invention relates to a 

compound of formula II: 

. c>yZ-R1 
o~ ~ x T ~o -

II 

R2 

or a pha=maceutically acceptable salt thereof, wherein: 

n is 1 or 2; 

X is O or S; 

Z is selected from the group consisting of S, CH2 , 

R::. is selected from the group consisting of C1 -C5 

straight or branched chain alkyl, C2 -C5 straight or 

branched chain alkenyl, Ar1 and mixtures thereof, wherei~ 

said R::. is unsubstituted or substituted with halo, nitre, 

25 C1 -C5 st:=aight or branched chain alkyl, C2 -C6 straight or 

branchec chain alkenyl, hydroxy~ c 1 -c4 alkoxy, C2 -C4 

--..·.·.... . . i ... 
. . . .. ·. ·. · . . ·: .· ··.· .·.· · ... .··:·.· .· 
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alkenyloxy, phenoxy, benzyloxy, amino, Ar1 or a mixture 

thereof; 

R2 is selected from the group consisting of C1 -C9 

stra.ight or branched chain alkyl, C2 -C9 straight or 

branched chain alkenyl, cycloalkyl, C5-C, 

cycloalkenyl and ~..r!; and 

is phenyl, benzyl, pyridyl, fluorenyl, 

thioindolyl or naphthyl wherein said Ar1 is unsubstituted 

or substituted with halo, hydroxy, nitro, C1 -C6 straight 

or branched chain alkyl, C::-C5 straight or branched chain 

alkenyl, alkoxy, alkenyloxy, phenoxy, 

benzyloxy, amino or a mixture thereof. 

The present invention also relates to a 

pharmaceutical composition comprising: 

(i} an effective amount of the compoilnd of craim 1 

fer effecting a neuronal activity; and 

(ii) a pharmaceutically acceptable carrier. 

The present invention further relates to a method of 

effecting a neuronal activity in an animal, comprising: 

adm~nistering to the animal an effective amount of 

the compound of formula II. 

BRJ:EF DESCR:!PTJ:ON OF THE DAAWINGS 

FIG. 1 (A} is a representative photomicrograph of 

25 un~reated sensory neurons. 

·.· .. - -. . .• .. · .. 
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FIG. 1 (B) is a representative photomicrograph of 

compound 1 (10 pM) promoting neurite outgrowth in sensory 

neurons. 

I l FIG. 1 ( C) is a representative photomicrograph of 

s compound 1 (1 nM) promoting neurite outgrowth in sensory 
,I 

., --=> 

neurons. 

FIG. 1 (D) is a representative photomicrograph of 

compound 1 (l µM) promoting-neurite outgrowth in sensory 

neurons .. 

FIG. 2 (A) is a representative photomicrograph of 

untreated sensory neurons. 

FIG. 2 (B) is a representative photomic::rograph of 

compound 9 (10 pM) promoting neurite outgrowth in sensory 

neurons. 

FIG. 2 (cl is a representative photomicrograph of 

compound 9 (1 nM) promoting neurite outgrowth in sensory 

neurons-. 

FIG. 2 (D) is a representative photomicrograph of 

::::ompound 9 (100 nM) promoting neurite outgrowth in 

20 sensory neurons. 

FIG. 3 (A) is a representative photomicrograph of 

u~treated sensory neurons. 

FIG. 3 (B) is a representative photomicrograph of 

::::gt:lpound 10 (10 pM) promoting neurite outgrowth in 

25 sensory neurons. 

--.--... , . •. < ........ "l" --.. . . . . . -. . -. --. -.. :- . -.. -. 
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. FIG. 3 (C) is a representative photomicrogr~ph of 

compound 9 (l nM) promoting neurite outgrowth in sensory 

neurons. 

FIG. 3 (D) is a representative photomicrograJ;'h of 

s compound 9 (lOO nM) promoting neurite outgrowth in 

10 

, c:: 
•.J 

sensory neurons. 

FIG. 4 presents quantitation for the recovery of TH­

positive dopaminergic neurons in the striatum of animals 

receiving compounds l, 9 and ·10·. 

DETAILED DESCRIPTION OF THE INVENTION 

Definitions 

11 Alkyl 11 refers to a branched or unbranched saturated 

hyd::-ocarbon chain com:aining l to 6 carbon atoms, such as 

met.hyl, e~hyl, propyl, iso-propyl, butyl, 
... 

iso-butyl, 

tert-butyl, n-pentyl, n-hexyl and the like, unless 

otherwise indicated. 

11 Alkoxy 11 refers to the group -OR wherein R is alkyl 

as herein defined. Preferably, R is a branched or 

20 unbranched saturated hydrocarbon chain containing l to 3 

carbon atoms. 

11 Halo 11 refers to fluoro, chloro, bromo or iodo, 

unless otherwise indicated. 

11 Isomers 11 are different compounds that have the same 

25 molecula::- formula. 11 Stereoisomers 11 are isomers that 

differ or.ly in the way the atoms are arranged in space. 

. ·.··.· . . . ... ~ .· . 
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11 Enantiomers 11 are a pair of stereoisomers that are non-

superimposable mirror images of each other. 

"Diastereoisomers" are stereoisomers which are not mirror 

images of each other. "Racemic mixture 11 means a mixture 

s containing equal parts of individual enantiomers. "Non-

racemic mixture" is a mixture contai:::iing unequal parts of 

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, citrate, camphorate, 
... 

15 carnphorsulfonate, cyclopentanepropionate, digluconate, 

dodecylsulfate, ei:hanesulfonate, fumarate, 

glucohept:anoate, glycerophosphate, hemisulf ate 

heptanoate, hexanoate, hydrochloride hydrobromide, 

hydroiodide, 2-hydroxyethanesulfonate, lactate, maleate, 

20 rnethanesulfonate, 2-naphthalenesulfonate, nicotinate, 

oxalate, thiocyanate, tosylate and undecanoate. 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-rnethyl-

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

I 
................. · . .. ·:: 
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and lysine. Also, the basic nitrogen~containing groups 

can be quar~ernized with agents including: lower alkyl 

halides such as methyl, ethyl,· . propyl . and butyl 

chlorides, bromides and iodides; dialkyl sulfates such as 

s dimethyl, diethyl, . dibutyl and diamyl sulfates; long 

~ ... '.• ... · .... 

10 

chain halides such as decyl, lauryl, myristyl and stearyl 

chlorides, bromides and iodides; and aralkyl halides such 

as benzyl and phenethyl bromides. 

11 Phenyl 11 refers · to any possible isomeric phenyl 

radical, optionally monosubstituted or multisubstituted 

with substit:ue!'lts selected f::::-om =he group consisting of. 

aikyl, alkoxy, hydroxy, halo and haloalkyl. 

"Treating" refers :o: 

(i) preventing a disease, disorder or condition 

15 from occurring in a~ animal which may be predispos~d to 

the disease, disorder a~d/or co!'ldition· but has not yet 

been diagnosed as having i~; 

(ii) inhibi~ing t:he disease, disorder or condition, 

i.e., arresting its developrnen~; and 

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

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

condition. 

Compounds of the Invention 

25 The neurotrophic low molecular weight, small 

molec~le FKB? inhibito~ compounds of this invention have 

. ... 
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an affinity for FKBP-type im~unophilins, such· as FKBP12. 

When the · neurotrophic compounds of this invention are 

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

1 J to inhibit the prolyl-.peptidyl cis-trans isomerase 
,l' 

r. 
t. : ....... 

5 activity, or rotamase, activity of the binding protein 

10 

15 

20 

and unexpe.ctedly stimulate neurite growth. 
' 

FORMULA I 

In particular, this invention relates to a compound 

of formula I: 

I 

y 

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 CH2, 0, S, SO, 502, NH or 

25 NR2 in any chemically stable oxidation state; 

X is either O or S; 

,_,.., ... · .. -·:.· .. ··.·{·· . . . . . . . : 
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W and Y are independently O, S, CH2 or H2 ; 

R1 is C1 -C6 straight or branched chain alkyl or 
I 

1 I alkenyl, which is substituted in one or more position(s) 
J' • 

5 with (Ar1 ) n1 (Ar1 ) n . connected by a C1 -C6 straight or 

branched chain alkyl or alkenyl, C3 -C8 cycloalkyl, C3 -C8 

cycloalkyl connected by a C1 -C6 straight or branched 

10 

chain alkyl or alkenyl, Ar2 or a combination thereof; 

n is. 1 or 2; 

R2 is either C1-C9 ·straight or branched chain alkyl 

or alkenyl, C3 -Cs cycloalkyl, C5 -C7 cycloalkenyl or Ar1 ,. 

wherein said alkyl, alkenyl, cycloalkyl or cycloalkenyl 

is either unsubstituted or substituted in one or more 

position(s} with C1 -C4 straight or branched chain alkyl 

15 or alkenyl, hydroxyl or a combination thereof; and\ 

Ar: and Ar2 are independently a mono-, bi- or 

tricyclic, carbo- or heterocyclic ring, wherein the ring 

is either unsubstituted or substituted in one to three 

posi~ion(s) with halo, hydroxyl, nitre, trifluoromethyl, 

20 c1 -c., straight or branched chain alkyl or alkenyl, C1 -C4 

alkoxy, C1 -C4 alkenylox¥, phenoxy, benzyloxy, amino or a 

combination thereof; wherein the individual ring sizes 

are 5-6 members; and wherein the heterocyclic ring 

contains l-6 he~eroatom(s) selected from the group 

25 consiscing of 0, N, s and a combination thereof. 

---·:···.· .. ; ........ . . ... · ··· ... ··.· .. ·. ····.·.· 
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Sui table mono- and bi cyclic, carbo- and heterocyclic 

rings include, without limitation, naphthyl, · indolyl, 

furyl, thiazolyl, thienyl, pyridyl, quinolinyl, 

isoquinolinyl, fluorenyl and phenyl. 

FORMULA II 

A . preferred embodiment of this invention is a 

compound of formula II: 

II 

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, CH2 , 

R:. is selected from the group consisting of Cl-Cs 

straight or branched chain alkyl, C2 -C5 straight or 

branched chain alkenyl I Ar l and mixtures thereof I wherein 

said Rl is unsubstituted or substituted with halo, nitre, 

25 C1 -c,. st:raight or branched chain alkyl, c2 -c6 straight or 

branched chain alkenyl, hydroxy, c1 -c4 alkoxy, C2-C4 

........ T. ·.··.··. 
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alkenyloxy, phenoxy, benzyloxy, amino, Ar1 or a mixture 

thereof; 

R2 is selected from the group consisting of C1 -C9 

I 
1 l straight or branched chain alkyl, C2 -C9 straight or 
l 

5 

10 

, --=> 

20 

25 

branched chain alkenyl, cycloalkyl, Cs-C, 

cycloalkenyl and Ar1 ; and 

Ar::. is phenyl, benzyl, pyridyl, fluorenyl, 

thioindolyl or naphthyl whe.rein said Ar1 is unsubstituted 

or substituted with halo, hydroxy, nitre, G1 -C6 straight 

or branched chain alkyl , C2 -C5 straight or branched chain 

alkenyl, c!. -C4 alkoxy, C2 -C4 alkenyloxy, phenoxy, 

benzyloxy, amino or a mixture thereof. 

Specific examples of these embodiments are presented 

in TABLE I. 

'It 

TABLE I 

No. n x z R1 R:i 

1 1 0 CH2 3-Phenylpropyl 3-3-Dimethylpentyl 

2 1 0 CH2 3-{3-Pyridyl)propyl 3-3-Dimethylpentyl 

3 1 0 CH2 3-Phenylpropyl tert-Butyl 

4 1 0 CH2 3-(3-Pyridyl)propyl tert-Butyl 

5 1 0 CH2 3-(3-Pyridyl)propyl Cyclohexyl 

.6 1 0 CH2 3-(3-Pyridyl)propyl Cyclopentyl 

7 1 0 CH2 3-(3-Pyridyl)propyl Cycloheptyl 

8 1 0 CH:? 2-(9-Fluorenyl)ethyl 3,3-Dimethylpentyl 

9 1 0 s 2-Phenethyl 3,3-Dimethylpentyl 

10 ., 0 s 2.;Phenethyl 3 .3-Dimethylpentyl 

·. :'Ir·:·.·.·.··.· ....... ·. · 1 ............•. 
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11 1 0 s Methyl(2-thioindole) 3 ,3-Dimethylpeneyl 

12 1 o. s 2-Phenethyl Cyclohexyl 

13 2 0 s 2-Phenethyl ten-Butyl 

I 14 2 0 s 2-Phenethyl Phenyl 
I I 
J 5 15 1 0 CH2 3-{ 4-Methoxyphenyl)propyl 3 ,3-Dimethylpentyl 

16 2 0 CH2 4-( 4-Methozyphenyl)butyl 3·.3-Dimethylpentyl 

17 2 0 CH2 4-Phenylbutyl 3 ,3-Dimethylpemyl 

18 2 0 .CH2 4-Phenylbutyl Phenyl 

19 2 0 CH2 4-Phenylbuty l Cyclohexyl 

10 20 1 s CH2 3-Phenylpropyl 3,3-Dimethylpentyl 

21 1· s s 2-Phenethyl 3 .3-Dimethylpentyl 
;.: 

2~ 2 s CH:? 3-Phenylpropyl 3 .3-Dimethylpencyl 
., ... 
_;:, 2 s s 2-Phenethyl 3 ,3-Dimethylpentyl 

24 2 0 CHR1 3-Phenylpropyl · 3,3-Dimethylpentyl 

, --=> 25 ..., 0 CHR1 3:.Phenylpropyl Cyclohexyl 

26 2 0 CHR1 3-Phenylpropyl Phenyl 

27 ., 0 CHR1 3-Phenylpropyl 3,4,5-Trimerho.xY'phenyl 

28 1 0 s 2-Phenethy 1 Cyclopenryl 

29 ..., 0 s 3-Phenylpropy 1 ten-Butyl 

20 30 1 0 s 3-Phenylpropyl 3 .3-Dimethylpentyl 

31 1 0 s 3-{3-Pyridy l)propy 1 3 .3-Dimethylpentyl 

32 ·1 0 s 3-Phenylpropyl Cyclohexyl 

33 1 0 s 4-Phenylbutyl Cyclohexyl 

34 1 0 s 4-Phenylbutyl 3,3-Dimethylpentyl 

25 35 1 0 s 3-(3-Pyridyl)propy 1 Cyclohexyl 

36 1 0 s 3 ,3-Diphenylpropyl 3 .3-Dimethylpentyl 

37 1 0 s 3.3-Diphenylpropyl Cyclohexyl 

38 l 0 s 3-:-{ 4-Methoxyphenyl) 3.3-Diinethylpentyl 

propyl 

30 39 2 0 s 4-Phenylbutyl ten-Butyl 

.. _....,: . . ·:···-.·-.··.·. ··;- .· . . . . . . . . ... ·· _.·.·.· ... ..• • • • • • • .··~I. 
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40 2 0 s 1,5-Diphenylpentyl 3 ,3_-Dimethylpentyl 

41 ·2 0 s 1,5-Diphenylpentyl Phenyl 

42 2 0 s 3-(4-Methoxyphenyl) 3 ,3-Dimethylpentyl 

I propyl 
I J 

I 5 43 2 0 s 3-( 4-Methoxyphenyl) Phenyl ,. 

propyl 

44 2 0 s 3-(1-Naphthyl)propyl 3 ,3-Dimethylpemyl 

45 1 0 s 3,3-Di(4-fluoro)phenyl- 3 ,3-Dimethylpentyl 

propyl 

.10 .46 1 0 s 4,4-Di(4-fluoro)phenyl- 3 .~..:Dimethylpenty I 

butyl 

47 1 0 s 3-( 1-N aphthy l)propy 1 3 ,3-Dimethylpencyl 

48 1 0 s 2,2-Diphenylethyl 3 ,3-Dimethylpentyl 

49 ., 0 s 2.2-Diphenyl_ethyl 3 ,3-Dimethylpentyl 

15 50 2 0 s 3 ,3-Diphenylpropyl 3 ,3-Dimethylpentyl 

51 1 0 s 3-(4-{Trifluoromethyl}- 3,3-Dimethylpemyl 

phenyl)propyl "' 
-"" )~ 1 0 s 3-(2-Naphthyl)propyl 3,3-Dimethylpentyl 

53 2 0 s 3-( 1-N aphthy l)propy 1 3.3-Dimethylpencyl 

20 54 1- 0 s 3-(3-Chloro )phenylpropyl 3 ,3-Dimethylpentyl 
t--

55 0 s 3-(3-{Trifluoromethyl }- 3.3-Dimethylpencyl 1 

phenyl)propyl 

56 I 0 s 3-(2-Biphenyl)propyl 3.3-Dimethylpentyl 

57 1 0 s 3.3-Dimethylpentyl 

25 58 1 0 s · 3-(3-Fluorophenyl)propyl 3,3-Dimethylpentyl 

59 2 0 s 4-Phenylbutyl 3,3-Dimethylpentyl 

60 
., 0 s 3-Phenylpropyl 3,3-Dimethylpentyl 

61 1 O·· s 3-(2-Chloro )phenylpropyl 3.3-Dimethylpentyl 

62 2 0 s 3-(3-Chloro )pheny lpropy 1 3 ,3-Dimethylpentyl 

30 63 .., 0 s 3-(2-Fluoro)phenylpropyl 3,3-DiI:nethylpentyl 

,,... ...... '"···· .... . I . . . ~. . . · .. · .... :·.·· .. · .. • ··.· ····.· .. · 
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64 2 0 s 3.:.(3-Fluoro )phenylpropyl 3 ,3-Dimethylpentyl 

65 1 0 s 3-(2,5-Dimethoxyphenyl)- 3 ,3-Dimethylpentyl 

propyl 

I 66 1 0 CH2 3-Phenylpropyl Cyclohexyl 
I J 

I 5 . 67 1 0 CH2 3-Phenylethyl ten-Butyl . 
68 2 0 CH2 4-Ph~nylbutyl Cyclohexyl 

69 2 0 CHR.1 2-Phenylethyl tert-Bucyl 

70 1 0 CH2 3, 3-Di( 4-fluoropheny 1)- 3 ,3-Dimethylpentyl 

propyl 

10 71 2 0 CH2 3-Phenylpropyl 3,3":'Dimethylpentyl. 

The most preferred examples of TABLE I are named as 

follows: 

15 1 (25)-2-({l-Oxo-5-phenyl}-pentyl-l-(3,3-dimethyl-

1,2-dioxopentyl)pyrrolidine 

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

pyrrolidine]-1,2-pentanedione 

3 (25)-2-({l-Oxo-4-phenyl}-butyl-l-(3,3-dimethyl-l,2-

20 dioxobutyl)pyrrolidine 

9 2-Phenyl-1-ethyl 1-(3,3-dimethyl-l,2-dioxopentyl)-

2-piperidinecarbothioate 

10 2-Phenyl-l-ethyl (25)-1-(3,3-dimethyl-l,2-

dioxopentyl)-2-pyrrolidinecarbothioate 

.. 25 11 (3-Thioindolyl)methyl {25)-1- (3,3-dimethyl-l,2-

dioxopentyl)-2-pyrrolidinecarbothioate 

12 2-?henyl-1-ethyl (25)-1-(2-cyclohexyl-1,2-

dioxopentyl)-2-pyrrolidinecarbothioate 

..... ~:.. .. ·· .· .... ..·.··· ...... . 
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2-Phenyl-l-ethyl 1-··(2-phenyl-l, 2-dioxoethyl} -2-

piperidinecarbothioate 

2-Phenyl.:.1-ethyl (2S)-1-(l-cyclopentyl-1,2-

dioxopentyl)-2-pyrrolidinecarbothioate 

s 29 .3-Phenyl-1-p~opyl l-(3,3-dimethyl-l,2-dioxobutyl)-. 

2-piperidinecarbothioate 

30 3-Phenyl-1-propyl (25)-1-(3,3-dimethyl-l,2-

dioxopentyl)-2-pyrrolidinecarbothioate 

31 3-(3-Pyridyl)-l-propyl (2S)-l-(3,3-dimethyl-l,2-

10 dioxopentyl)-2-pyrrolidinecarbothioate 

32 3-Phenyl-1-propyl {2Sl-l- {2-cyclohexyl-l,2-

dioxoethyl)-2-pyrrolidinecarbothioate 

S3 4-Phenyl-1-butyl (2S)-l-(2-cyclohexyl-l,2-

dioxoethyll-2-pyrrolidinecarbothioate 

15 34 4-Phenyl-l-butyl (2S)-l-(3,3-dimethyl-l,2-

dicxopentyll-2-pyrrolidinecarbothioate 

35 3-(3-Pyridyl)-l-propyl {25)-1-(2-cyclohexyl-l,2-

dicxopentyl)-2-pyrrolidinecarbothioate 

36 3,3-Diphenyl-l-propyl (25)-l-(3,3~dimethyl-l,2-

20 dioxopentyl)-2-pyrrclidinecarbothioate 

37 3, 3-Diphenyl-1--propyl {25)-1-(2-cyclohexyl-l,2-

dioxopentyl)-2-pyrrolidinecarbothioate 

38 3-(para-Methoxyphenyl)-l-propyl ( 2 S) -1-· ( 3 I 3 -

dimethyl-1,2-dioxopentyl)-2-pyrrolidinecarbothioate 

25 39 4-Phenyl-1-butyl l-(l,2-dioxo-3,3-dimethylbutyl) -

2-pipe:::-idinecarbothi.oate 

-"!' ,,, •. · .. • .. ·· .. f ........... ·.· .. . . . . ..... · ····.·.· ....... · ... · ........ · ... : .. ·-.· 
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l,5-Diphenyl-3-pentyl 1-(3,3-dimethyl-l,2-

dioxopentyl) -2-piperidine·carbothioate 

1,5-Diphenyl-3-mercaptopentyl l-(3-phenyl-1,2-

dioxoethyl)-2-piperidinecarbothioate 

3~(para-Methcxyphenyl)-l-propyl l-(l,2-dioxo-3,3-

dimethylpentyl)piperidine-2-carbothioate 

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

dioxoethyl)piperidine~2-carbothioate 

3-(1-Naphthyl)-l-propyl 1-(3,3-d.imethyl-l,2-

dioxopentyl)piperidine-2-carbothioate 

3, 3-Di (pa=a-flu.oro) phenyl-1-propyl (25)-1-(3,3-

dimethyl-1,2-dioxcpentyl)-2-pyrrolidinecarbothioate 

46 4,4-Di(para-fluorophenyl)butyl 1-(3,3-dimethyl-2-

oxopencanoyl)-2-pyrrolidinecarbothioate 

47 3-{1-Naphchyl)propyl (25)-1-(3,3-dimethyl-2-

oxopentanoyl)-2-pyrrolidinecarbothioate 

48 2,2-Diphenylethyl (25)-1-(3,3-dimethyl-2-

oxopentanoyl)tetrahydro-lH-2-pyrrolecarbothioate 

49 2,2-Diphenylethyl (25)-1-(3,3-dimethyl-2-

oxopentanoyl)-2-piperidinecarbothioate 

so 3,3-Diphenylpropyll-(3,3-dimethyl-2-oxopentanoyl)-

2-piperidinecarbothioate 

51 3-[4-(Tri£1uoromethyl)phenyl)propyl ( 2 5} - l. - ( 3 I 3 -

dimethyl-2-oxopentanoyl)-2-pyrrolidinecarbothioate 

52 3-(2-Naphthyl)propyl (25)-1-(3,3-dimethyl-2-

oxopentanoyl)-2-pyrrolidinecarbothioate 
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3-(2-Naphthy:)propyl (2R,5)-l-(3,3-dimethyl-2-

oxopentanoyl)-2-piperidinecarbothioate 

3-(3-Chlorophenyl)propyl (25) -1- (3, 3-dimethyl-2-

oxopentanoyl)-2-pyrrolidinecarbothioate 

3-[3-(Trifluor~methyl)phenyl)propyl ( 2 S) -1- ( 3 , 3 -

dimethyl-2-oxopentanoyl)-2-pyrrolidinecarbothioate 

3-(1-Biphenyl)propyl (25)-1-(3,3-dimethyl-2-

oxopentanoyl)-2-pyrrolidinecarbothioate 

3-(2-Fluorophenyl)propyl (2S)-l-(3,3-dimethyl-2-

oxopentanoyl)-2-pyrrolidinecarbothioate 

3-(3-Fluorophenyl)propyl (2S)-1-(3,3-dimethyi-2-

oxopentanoyl)-2-pyrrolidinecarbothioate 

4-Phenylbutyl 1-(3,3-dimethyl-2-oxopentanoyl)-2-

piperidinecarbothioate 

3-?henylpropyl 1-(3,3-dimethyl-2-oxopentanoy:J:.)-2-

piperidinecarbothioate 

3-(2-Chlorophenyl)propyl (2S)-l-(3,3-dimethyl-2-

oxopentanoyl)-2-pyrrolidinecarbothioate 

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

oxopentanoyl)-2-piperidinecarb~thioate 

3-(2-Fluorophenyl)propyl. 1-(3,3-dimethyl-2-

oxopentanoyl)-2-piperidinecarbothioate 

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

oxopentanoyl)-2-piperidinecarbothioate 

3-(3,4-Dimethoxyphenyl)propyl(2S)-l-{3,3-dimethyl-

2-cxopentanoyl)-2-pyrrolidinecarbothioate 
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(28)~2-({l-Oxo-4-phenyl}-butyl-1-(2-Cyclohexyl-l,2-

dioxoethyl)pyrrolidine 

67 2-({l-Oxo-4-phenyl}-butyl-1-(3,3-dimethyl-l,2-

68 

dioxobutyl)pyrrolidine 

2-({l-Oxo-6-phenyl}-hexyl-1-(3,3-dimethyl-1,2-

dioxobutyl)piperidine 

69 2-{{l-Oxo-[2-{2'-phenyl}ethyl]-4-phenyl}-butyl-1-

(3,3-dimethyl-l,2-dioxobutyl)piperidine 

70 1-{{25)-2- [S,5-di(4-Fluorophenyl)pentanoyl]-2-

pyrrolidine}-3,3-dimethyl-l,2-pentanedione 

71 3,3-Dimethyl-l-[2-{4-phenylpentanoyl)piperidino]-

1,2-pentanedione 

FORMULA J:J:! 

Another pref erred embodiment is a compounB of 

formula III: 

B-C 

j ~ /Z-R1 

'-N/ Jr 
0 x . 

0 
III 

25 or a pharmaceutically acceptable salt thereof, wherein: 

. ··.·. . . . . . . . 
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A, B, C and D are independently CH2 , 0, S, SO, S02 , 

NH or NR2; 

X is o or S; 

Z is S, CH2 , CHR1 or C(Ri) 2 ; 

Ri. is Ci -C6 straight or branched chain alkyl or 

alkenyl, which is substituted in one or more position(s) 

with (Ar1 )n, (Ar1 )n connected by a C1 -C6 straight or 

branched chain alkyl or aikenyl, C3 -C8 cycloalkyl, C3 -C8 

cycloalkyl connected by a C1 -C6 straight· or branched 

10 chain alkyl or alkenyl, Ar2 or a combination thereof; 

!5 

n is 1 or 2; 

R2 is either C:-C~ straight or branched chain alkyl 

or alkenyl, C3 -C9 cycloalkyl, C5 -C1 cycloalkenyl or Ari, 

wherein said alkyl, alkeny~, cycloalkyl or cycloalkenyl 

is either u~substitu~ed or substituted 
... 

in one or · more 

posit~on(s) with C:-C~ straig~t or branched chain alkyl 

or alkenyl, hydroxyl or a c~m!:~:iation thereof; and 

Ar: and Ar:? are :.:-ldepe~dently a mono-, bi- or 

tricyclic, carbo- er he=erocyclic ring, wherein the ring 

20 is either unsubstituted or substituted in one to three 

position(s) with halo, hyd=cxyl, nitre, trifluoromethyl, 

C1 -C5 straight or brar.ched cha~~ alkyl or alkenyl, Cl-C4 

alkoxy, C:-C4 alkenyloxy, phe~oxy, benzyloxy, amino or a 

combination thereo=; wherein the individual ring sizes 

25 are 5-6 me!!'.bers; a:iC. whe:::-ein the ·heterocyclic ring 

contains 1-6 heteroa~om{s} selected from the group 

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

Partic~larly preferred compounds of formula III a~e 

presented in TABLE II. 

TABLE II 

No. A B c x z R1 

72 CH2 s CH2 0 s 2_-phenethyl 

73 CH2 s CH2 0 CH2 3-phenylpropyl 

74 CH~ CH~ N""d 0 s 2-phenethyl 

75 CH~ S s 2-phenethyl 

FORMULA IV 

R2 

3,3-dimethyl-

pe7'.ltyl 

3,3-dimethyl-

pentyl 

3,3-dimethyl­

pentyl 

3,3-dimethyl­

pentyl 

A =~=ther pref erred embodiment of this invention is 

20 a compound of formula-IV: 

. ·25 0 IV 

-•:.· .... · .. 
I 
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or a pharmaceutically acceptable salt thereof, wherein: 

A, B, C and D are independently CH2 , O, S, SO, S0
2

, 

NH or NR2 ; 

X is o or S; 

R1 is Cl -C5 straight or branched chain alkyl or 

alkenyl, which is substituted in one or more position(s) 

with (Ar::.) n' (Arl) n connected by a C1 -C6 straight or 

branched chain alkyl or alkenyl, C3 -C8 cycloalkyl, C3 -C8 

cycloalkyl connected by a c! -C5 straight or branched 

chain alkyl or alkenyl, Ar2 or a combination thereof; 

n is 1 or 2; 

R:! is either C1 -C9 straight or branched chain alkyl or 

alkenyl, C2-C9 cycloalkyl, C5 -C7 cycl.oalkenyl or Ar1 , 

\. wherein said alkyl, alkenyl, cycloalkyl or cycloalkenyl 

is either unsubstituted or ~ubstituted in one or more 

position (s) with C1 -C4 straight or branched chain alkyl 

or alkenyl, hydroxyl or a combination thereof; and 

Ar:. and Ar2 are independently a mono-, bi- or 

20 tricyclic, carbo- or heterocyclic ring, wherein the ring 

is either unsubstituted or substituted in one to three 

position(s} with halo, hydroxyl, nitre, trifluoromethyl, 

C1 -C5 straight or branched chain alkyl or alkenyl, · C1 -C4 

alkoxy, C:.-C4 alkenyloxy, phenoxy, benzyloxy, amino or a 

25 combination thereof; wherein the individual ring sizes 

are 5-6 members; and wherein ~he heterocyclic ring 
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contains 1-6 heteroatom(s) selected from the group 

consisting of 0, N, S and a combination thereof. 

I 
I l 

.J 

Particularly· J?referred compounds of formula IV are 

5 presented in TABLE III. 

TABLE ID 

No. A B c D x z. R1 R2 
10 .... 

76 CH2 =· 
CH2 0 CH2 O· CH2 3-pheny lpropy I 3 .3-dimethylpentyl 

1i CH2 CH2 0 CH2 0 s 2-phenethyl 3 .3-dimethylpentyl 

78 CH2 CH2 s CH2 0 CH .. 3-phenylpropyl 3 ,3-dimethylpentyl 

79 CH2 .CH2 s CH2 0 s 2-phenethyl 3,3-dimethylpentyl 

15 

The compounds of this invention possess asymmetric 

and thus can be produced as . " mixt:ures of 

stereoisomers or as individual stereoisomers.· The 

indi vi.dual stereo isomers may be obtained by using an 

20 optically active starting ma~erial, by resolving a 

racemic or non-racemic mixture cf an intermediate at some 

appropriate stage of the synthesis, or by resolving the 

compound of formula (I) . It is understood that the 

individual ste·reoisomers as well as mixtures (racemic and 

25 non-racemic) of stereoisomers are encompassed :by the 

scope of the present inven~ion. The compounds of this 

invention possess at least one asymmetric center and thus 

can be produced as mixtures of stereoisomers or as 

'F'T· · .. . . . . . ·.. . . :· .·. . . . . . . . . ~. . . ·. ·. ····.· 
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individual R- and s-stereoisomers. The individual 

enantiomers may be obtained by resolving a racemic or 

non-racemic mixture of an intermediate at some appropri-

ate stage of the synthesis . It is understood that the 

individual R- and s- stereoisomers as well as mixtures of 

stereoisomers are encompassed by this invention. The s-

stereoisomer is most preferred due to its greater 

activity. 

Methods of Usina the Compounds of the Invention 

The compounds of the present invention have an 

affinity for the FKS06 binding protein, particularly 

FKBP12, which is present in the brain. When the 

inventive compounds bind to FKBP in the brain, they 

exhibit excellent neurotrophic activity. This act~vity 

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 neuronal 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 

IV. 

·· .. ·.· .. ··: ......... •.·. , ..... ·· ... ·.· . '• ... ··.·· .. ··· .. ·.·.·-· .. · .. .-.·.::·:··.-.· ·.;.:·.:-··.·.· .. ··.· 
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In a prefer~ed embodiment, the neurona~ activity is 

selected from the group consisting of stimulation of 

damaged neurons, promotion of neuronal regeneration, 

prevention of neurodegeneration and treatment of 

s neurological disorder. 

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 

. -_ _, 

20 

bulbar inhe::-;i.ced muscular atrophy; herniated, ruptured or 

prolapsed invertebrate disk syndromes; cervical 

spondylosis; plexus disorders; thoracic outlet 

destruction syndromes; peripheral neuropathies such as 

those caused by lead, dapsone, ticks, 
'Ii 

porphyria or 

Guillain-Barre syndrome; Alzheimer's disease; and 

Parkinson's disease. 

The compounds of the present invention are 

particularly useful for treating a neurological disorder 

selected from the group consisting of: peripheral 

neurop~thy caused by physical injury or disease state, 

traumatic injury to the brain, physical damage to the 

spinal cord, stroke associated with brain damage, and 

neurologica~ disorder relating to neurodegeneration. 

25 Examples of neurological disorders relating to 

neurodegeneration are Alzheimer's Disease, Parkinson's 
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Disease and amyotrophic lateral sclerosis. 

For these purposes, the compounds may be administered 

orally, parenterally, by inhalati_on · spray, topically~ 

rectally, nasally, buccally, vaginally or via an 

s implanted reservoir in dosage formulations containing 

10 

,­.... :::> 

20 

convent:ional non-toxic pharmaceutically-acceptable 

carriers, adjuvants and vehicles. The term parenteral as 

used herein includes subcutaneous, intravenous, 

intramuscular, intraperitoneally, i~trathecally, 

intraventricularly, intrasternal and intracranial 

To be ·effective therapeutically as central nervous 

system targets, the compounds should readily penetrate 

the blood-brain barrier when peripherally administered. 
,, 

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 

injectable aqueous or oleaginous suspensions. These 

suspensions may be formulated according to techniques 

known in the art using suitable dispersing or wetting 

agents and suspending agents. The sterile injectable 

preparations may also be sterile injectable solutions or 

25 suspensions in non-toxic parenterally-acceptable diluents 

or solvents, for example, as soluti9ns in 1,3-butanediol. 
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Among the acceptable vehicles and solvents that may be 

employed are water, Ringer's solution and isotonic sodium 

a synthetic mono- or di-glyceride may be employed. Fatty 

acids such as oleic acid and its glyceride derivatives, 

including olive oil and castor oil, especially in their 

pclyoxyethylated versions, are useful in the preparation 

of injec~ables. These oil solutions or suspensions may 

also concain long-chain alcohol diluents or dispersants. 

Additionally, the compounds may be administered 

orally in the form of capsules, tablets, aqueous 

suspens~ons or solutions. Tablets may contain carriers 

15 suc!'l as lact:ose and corn starch, and/or lubrica"ting 

agents such as magnesium stearate. Capsules may contain 

diluents including lac~ose and dried corn starch. 

Aqueous suspensions may contain emulsifying and 

suspending agents combined with the active ingredient. 

20 The oral dosage forms may further cont:.ain 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 ir=it:at:.ing excipient which is solid at room temperature, 

but liquid at rectal temperature _and, therefore, will 

r .· ..... ·:·· 



------------------------------------------ ...... ·-···---

I 
I l 
r 

--.· : ... _ ...... 

5 

10 

,­-=> 

W098/13343 PCT/US97/15832 

melt in the rectum to release the drug. Such materials 

include cocoa butter, beeswax and polyethylene _glycols. 

Furthermore, the compounds may be administered 

topically, especially when the conditions addressed for 

treatment involve areas or organs readily accessible by 

topical application, including. neurological disorders of 

the eye, the skin or the lower intestinal tract. 

Sui.table topical formulations can be readily prepared for 

each of these areas. 

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 

ste:::ile saline, either with or without a preservative 

such as benzylalkonium chloride. Alternatively,'. the 

compounds may be formulated into ointments, suc:P as 

petrolatum, for ophthalmic use. 

For topical application to the skin, the compounds 

can be f orrnulated into suitable ointments containing the 

20 compounds suspended or dissolved in, for example, 

mixtures with one or more of the following: mineral oil, 

liquid petrolatum, 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 

ac~ive compound suspended or dissolved in, for example, 

I . . . . . . . . . . . . . · ... ~.. . . . 
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a mixture of one or more of the following: mineral oil, 

sorbitan monostearate, polys~rbate 60, cetyl ester wax, 

cetearyl alcohol, 2-octyldodecanol, benzyl alcohol and 

water. 

5 Topical application to the lower intestinal tract can 

be effected in 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 

depe~ding upon the host treated and the particular mode 

15 of admi~istration. 

It ~s 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 

adminisi:ration . 

. The compounds can be administered with other 

25 neurotrophic agents such as neurotrophic growth factor 

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

. .·. . .... 
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factor, ciliary neurotrophic factor and neurotropin-3. 

The dosage level of other neurotrophic drugs will depend 

upon the factors previously stated and the neurotrophic 

1 J' effectiveness of the drug combination. 
J' • 

5 

. 10 

, --::> 

Pha:rmaceutical Comoositions of the Invention 

The present invention also relates to a pharmaceuti-

cal composition comprising: 

(i) a neurotrophically effective amount of the 

compbund of formula !, 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 

presenc invention. 

Examples 

· The =allowing 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. 

. . : . . - . . . 
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EXAMPLE l 

Synthesis of (2Sl-2- C{l-ox·o-5-phenyl}-pentyl-1-(3,3-

dimethyl-l.2-dioxopentyl)pyrrolidine (l) 

C2S)-2-Cl-oxo-4-ohenyllbutyl-N-benzvloyrrolidine. 1-

chloro-4-phenylbutane (1. 78 g; 10. 5 mmol) in 20 mL of THF 

was added to 0.24 g (10 mmol) of magnesium turnings in so 

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 rnL of THF. 

A=ter 2 hours of further reflux, the mixture was cooled 

and ~reated with 5 mL of 2 N HCl. The reaction mixture 

was diluted with ether (100 mL} and washed with saturated 

NaHC03 , water and brine. The organic phase was dried, 

• d h - , . . h"' 
~5 concencratec an c.romatographea, e_ut1ng wit · 5:1 

CH2Cl2 :Et0Ac co obtain 2.05 g (64%) of the ketone as an 

oil, 1H NMR (CDCl 3 ; 300 MHz): 1.49-2.18 (rn, BH); 2.32-

2.46 (m, lH); 2.56-2.65 (m, 2H); 2.97-3.06 (m, lH); 3.17-

3 • 3 4 ( m , 1E) ; 3 • 4 4 - 3 • 6 2 ( m , :lH) ; 4 • O 2 - 4 • 2 3 ( m , 2H) ; 7 • O 1 -

20 7.44 (m, lOH). 

25 

!2Sl -2- (1-oxo-4-nhenvl)butvlpyrr:olidine. The ketone 

compound (500 mg) and palladium hydroxide (20% on carbon, 

50 mg) was hydrogenated at 40 psi in a Paar shaker 

over::iight. The catalyst was removed by filtration and 

the solvent was removed in vacuo. The free amine was 

obtained as a yellow oil (230 mg; 100%) I iH NMR (CDC1 3 ; 

·.- . ~ . ~-
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300" MHz) : 1 . 7 5 - 2 • 3 4 ( m, 1 OH) ; 2 . 5 5 { m, 2H) ; 2 . 9 5 ( dm, 

lH); 3.45-3.95 (m, lH); 4.05 (m, lH); 7.37 (m, SH). 

(25)-2-Cl-oxo-4-ohenyl)butyl-l-(l,2-dioxo-2-

me~hoxvethyl)ovrrolidine. To a solution of (2S)-2-(l-

5 oxo-4-phenyl)butylp_yrrolidine (230 mgr 1.0 mmol) in 

CH:?Cl 2 (20 mL) at 0 6 C was added dropwise methyloxalyl 

. , . -cn_oriae (135 mg; 1.1 mmol) . After stirring at o0 c for 

3 hours, the reaction was ·quenched with saturated NH
4
Cl 

and the organic phase was washed with water and brine and 

10 dried and concentrated. The crude residue was purified 

on a silica gel column, eluting with 20:1 CH2Cl2 :Et0Ac to 

obtain 300 mg of the oxamate as a clear oil (98%) , 1H NMR 

(CDC1 3 ; 300 MHz}: 1.68 (m, 4H); 1.91-2.38 {m, 4H); 2.64 

(t, 2H); 3.66-3.80 (m, 2H); 3.77, 3.85 (s, 3H total); 

15 4 .16 (m, 2E) ; 4. 90 (m, ::..H} ; 7 .15 (m, 3H) ; 7. 27 (m, '·2H) . 

'25'1 _.,_ t !i -oxo-=-ol-. ... ,.,.,, \-0°~-v1 _, - i3 3-di'methv1 -1 2-
, - - - ... _ .... I - -··"'- - - ( e f 

dioxooe::).tvl)ov=-=-olidine t ., \ ..... To a solution of the 

oxamate above (250 mg; 0.79 mrr:ol) in anhydrous ether (15 

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

20 magnesium chloride (0.8 mL o: a 1.0 M solution in e~her; 

O. 8 mmol). After stirring :.he resulting mixture at -78°C 

for 2 hours, ·t:he react.io:; was quenched by the addition of 

2 mL of saturated 1'1'"H4Cl, followed by 100 mL of EtOAc. 

The organic phase was washed with brine, dried, 

25 concent~ateC., and pu~i::ied on. a silica gel column, 

elu~ing with 50:1 CH~Cl~:E~OAc. Compound 1 was obtained 
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a:s a clear oil, 120 mg, 1H NMR (CDC1 3 , 300 M¥z): o 0.87 

(t, 3H, J=7.5); 1.22 (s, 3H); 1.25 (s, 3H); 1.57 (m, 4H); 

1 . 7 o -2 . 3 3 ( m, 6H) ; 2 . 61 ( t , 2H, J = 7 . 1) ; 3 • S 2 ( m, 2H) ; 

4.17 (t, 2H, J=6.2); 4.52 (m, lH); 7.16-7.49 (m, SH). 

5 Anal. Calcd. for C22H31N03 - H20: C, 70.37; H, 8.86; N, 

3.73. Found: 70.48; H, 8.35; N, 3.69. 

EXAMPLE 2 

Synthesis of 2-phenyl-1-ethyl l-(3.3-dimethyl-l.2-

::!.O dioxonentyl)-2-nineridinecarbothioate (9) 

Met~vl(2S} -1- (l,2-dioxo-2-methoxvethvll-2-

n~~oli=inecarboxvlate. A solution of L-proline methyl 

ester hydrochloride (3.08 g; 18.60 mmol) in dry methylene 

chloride was cooled to 0°C and ~reated with triethylarnine 

15 (3.92 g; 38.74 mmol; 2.1 eq). "' After stirring the formed 

slur=Y ~ncier a nitrogen atmosphere for 15 min, a solution 

0£ metby! oxalyl chloride {3.20 g; 26.12 mmol) in 

methylene chloride (45 mL) was added dropwise. The 

resu~ tir..g mixture was stirred at O 0 c for 1. 5 hour. After 

20 filtering to remove solids, the organic phase was washed 

with water, dried over MgS04 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 =otame~s; data for trans rotamer given. 1H NMR (CDC13 ): 

o 1.93 (am, 2H); 2.17(m, 2H); 3.62(m, 2H); 3.71 (s, 3H); 
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3.79, 3.84 (s, 3H total); 4.86 (dd, lH, J=B.4, 3.3). 

Methyl!2S)-l-(l.2-dioxo-3.3-dimethylpentyl)-2-

ovrrolidinecarboxylate. A solution of methyl (2S) -1-

(1;2-dioxo-2-methoxyethyl)-2-pyrrolidinecarboxylate (2.35 

s g; 10. 90 mmol) in. 30 mL of tetrahydrofuran (THF) was 

cooled to -78°C and treated with 14.2 mL of a 1.0 M 

solution of 1,1-dimethylpropylmagnesium chloride in THF. 

After st:irring the resulting homogeneous mixture at -78°C 

fo~ three hours, the·mixture was poured into saturated 

10 ammcnium chloride ( 100 mL) and extracted into ethyl 

ace~ate. 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 

colunu-:, elut.ing with 25% ethyl acetate in hexane, to 

15 obtain 2 .10 g (75%) of the oxamate as a colorless"'.oil, 

1H NMR {CDC13 ): o 0.88 (t, 3H); 1.22, 1.26 (s, 3H each); 

l.75(dm, 2H); 1.87-2.10 (m, 3H); 2.23 (m, lH); 3.54 (m, 

2H); 3.76 (s, 3H); 4.52 (dm, lH, J=8.4, 3.4). 

l2Sl-l-(l.2-dioxo-3.3-dimethvlpentvll-2-pyr=olidine-

20 carboxvlic acid. A mixture of methyl (25)-1-(l,2-dioxo-

3,3-dimethylpentyl)-2-pyrrolidinecarboxylate (2.10 g; 

8.23 mmol), l ·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 l with 1 N 

25 HCl, d~luted with water, and extracted into 100 mL of 

methylene chloride. The organic extract was washed with 

. . . .. . .;.:·. 
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brine and concentrated to deliver 1.73 g (87%) of snow-

white solid which did not require further purification, 

1H NMR (CDC1 3): 6 0.87 (t, 3H); 1.22, 1.25 (s, 3H each); 
I 

I I 1. 77 (dm, 2H) ; 2. 02 (m, 2H) ; 2 .17 (m, lH) ; 2. 25 (m, 1H) ; 
,1 

5 3 . 5 3 ( dd 1 2H 1 j = 10 . 4 / 7 . 3 ) i 4 . 5 5 ( dd 1 . lH 1 J = 8 • 6 1 4 , 1 ) , 

2-nhenvl-l-~thvll-<3.3-dimethvl-1.2-dioxooentyl)-2-

nioeridinecarbothioate (9). To a solution of (2S) -1-

(l,2-dioxo-3,3-dimethylpentyl)-2-pyrrolidinecarboxylic 

acid (24:1. mg; 1.0 mmol) in CH:?Cl2 (10· mi.) was added 

10 dicyclohexylcarbodiimide ( 22 6 mg; 1. l mmol) . After 

stirr:..ng the resulting . mixture for 5 minutes, the. 

solution was cooled to 0°C and treated with a solution of 

phenyl mercaptan (136 mg; 1.0 mmol) and 4-

dimethylaminopyridine (6 mg) in 5 ml of CH2Cl:i. The 

15 mixture was allowed to warm to .room temperature W.ith 

20 

The solids were removed by 

filtration and the f~ltrate was concentrated in vacuo; 

~he crude residue was purified by flash chromatography 

(10 :1 hexane:EtOAc) to obtain 302 mg {84%} of .2, as an 

oil, 1H NMR (CDC1 3 , 300 MHz): 6 0.85 (t, 3H, J=7.5); 

1 • 2 9 ( s , 3 H) ; 1 • 31 ( s , 3 H) ; 1 • 7 O - 2 . 3 2 ( rn, 6H) ; 2 . 9 2 ( t , 

2H, J = 7 . 4 ) ; 3 . 2 2 ( t , 2H, J = 7 . 4) ; 3 . 5 8 · ( m, 2H) ; 4 . 7 2 ( m, 

l.H); 7.23-7.34 (rn, SH). 

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

25 H, 7.49; N, 3.72. 

. . . . .. ·.i . . . . . . ·.· ·. .. . ... ·•. . . .. ~ .. 
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EXAMPLE 3 

PCT/US97/15832 

Svnthesis of 2-phenyl-l•ethyl (2S) -1- (3, 3--

dimethyl-1,2-dioxopentyl)-2-pyrrolidinecarbothioate (10) 

Methyl 1-(1.2-dioxo-2-methoxyethyl)-2-piperidine-

ca:?:"boxvlate. A solution of methyl pipecolate 

hydrochloride ( B. 50 g; 4 7. 31 mmol) in dry methylene 

chloride (100 mL) was cooled to 0°C and treated with 

trie=hylamine (10. 5 g; 103 mmol; 2. l eq) . After stir.ring 

the formed slurry unde:?: a i:li trogen atmosphere for 15 

10 minutes, a solution of methyl oxalyl chloride (8.50 g; 

69.4 mmol) in methylene chloride (75 mL) was added 

dropwise. 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 MgS04 and 

15 concentrated. The crude residue was purified on a sl-lica 

gel co:umn, eluting with 50% ethyl acetate in hexane, to 

obt.ain 9. 34 g (86%) of the product as a reddish oil. 

Mb~ture of cis- trans amide· rotamers; data for trans 

rotamer given. o 1.22-1.45 (m, 2H); 

2 O l . 6 7 - l . 7 8 ( m, 3 H) ; 2 . 2 9 ( m, lH) ; 3 . 3 3 ( m, lH) ; 3 . 5 5 ( m, 

J.H); 3.76 (s, 3H); 3.85, 3.87 Cs, 3H total); 4.52 (dd, 

lH). 

Methvl 1- p, 2-dioxo-3. 3-dimethyloentvl) -2-oioeridine-

ca:?:boxvlate. A solution of methyl 1-(1,2-dioxo-2-

25 methoxye~hyl)-2-piperidinecarboxylate (3.80 g; 16.57 

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

I 
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78°C and treated with 20.7 mL of a 1.0 M solution of 1,1-

dimethyl-propylmagnesium chloride in THF. After stirring 

the resulting homogeneous mixture at -78°C for three 

hours, the mixture was poured into saturated ammonium 

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 

10 obtain 3.32 g (74%) of the oxamate as a colorless oil, 1H 

NMR (CDCl 3 ): 6 0.88 {t, 3H); 1.21, 1.25 (s, 3H each); 

1.. 3 5 - l . 8 O · ( m, 7H) ; 2 . 3 5 ( m, lH) ; 3 . 2 4 { m, lH) ; 3 . 41 ( m, 

lH); 3.76 (s, 3H); 5.32 (d, lH). 

1-(1.2-dioxo-3.3-dimethvloentvl)-2-pioeridine-

:s carboxvlic acid. A mixture of methyl l-(l,2-dioxo~3,3-

dimethylpentyl)-2-piperidinecarboxylate (3.30 g; 12.25 

mmol), l N LiOE (1.5 mL), and methanol (60 mL) was stirred 

at o0 c for 30 minutes and at room temperature overnight. 

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

20 with wate::::-, and ex-:.racted ini:o 100 mL of methylene 

chloride. The organic extract was washed with brine and 

conceni:rated to deliver 2.80 g {87%) of snow-white solid 

which did not require further purification, lH NMR 

(CDC1 3 ): o 0.89 {t, 3H); 1.21, 1.24 (s, 3H each); 1..42-

25 :i..85 (m, 7E); 2.35 (m, lH); 3.22 (d, lH); 3.42(m, 1.H); 

5 . 3: ( d I lH) . 

. . - .. - - . . •.. . ~-.. -.· . -. •. -. : . ~ : .•. . .... . ...... . 
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2-nhenyl-1-ethyl (25)-1-(3,3-dimethvl-1.2-

dioxonentyll-2-nvrrolidinecarbothioate (10). To a 

solution of 1- ( 1, 2_-dioxo-3, 3-dimethylpentyl) -2-

I 
1 J piperidine-carboxylic acid (255 mg; l.O mmol} in CH2Cl2 

l 
s (10 mL) was added dicyclohexylcarbodiimide (226 mg;. l.l 

mmol). After stirring the resulting mixture for s 

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 mg) in 5 nil of . CH2Cl2 • The 

10 mixture was allowed to warm to room temperature with 

::..s 

stirring overnight. The solids were removed by 

filtration and the filtrate was concentrated in vacuo; 

the crude residue was purified by flash chromatography 

(10:1 hexane:EtOAc) to obtain 300 mg (80%) of .lQ. as an 

. , 
OJ. ... I 

l.27 

lE); 

, ':J' . -··I I 

Anal. 

!H NMR (CDCl 3 , 300 MHz) : d 0. 94 (t I 3H; j ='t. 5); 

(s~ 3H) ; 1.30 (s I 3H) ; 1.34-1.88 (m, 7H}; 2.45 (m, 

2.90 (t I 2H, J=7.7); 3.26 ( t I 2H, J=7.7) i 3.27 (m, 

3.38 (m, lH); 5.34 (m, 13) i 7.24-7.36 (m, .SH}. 

Calcd. for C21H29N03S :· 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 FKS06 binding protein, 

particularly FKBP12 . The inhibition of the prolyl 

25 peptidyl cis-trans isomerase activity of FKBP may be 

measured as an indicator of this affinity. 
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~i Test Procedure· 

Inhibition of the peptidyl-prolyl isomerase 

I 
• J 

,1' 

(:::-otamase) activity of the inventive compounds can be 

evaluated by known methods described in the literature . 

5 (Harding e-t al., Na~ure-, 1989, 341:758-760; Holt et al. 

J. Am. Chem. Soc.,· 115:9923-9938). These values are 

obtained as apparent Ki's and are presented for 

representat.ive compounds: in Table IV. The cis - trans 

isome:::-ization of an alanine-praline bond· in a model 

10 subsc-:::::-ate, N-succinyl-Ala-Ala-Pro-Phe-p-nitroanilide, is 

monitored spectrophotometrically in a c?yrnotrypsin­

ccupled assay, which releases para-nitroanilide from the 

t:.:-ans form of the substrate. The inhibition of this 

::::-eac-.:ion caused by the addition of different 

15 co~cen~rations of inhibitor is determined, and the~data 

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

a func=ion of inh~bi tor concentration to yield the 

appa:re~t K:. values. 

In a plastic cuvette are added 950 rnL of ice cold 

20 assay buffer (25 mM HEPES, pH 7. 8, 100 mM NaCl}, 10 mL of 

FKBP (2.5 rnM in 10 mM Tris-Cl pH 7.5, 100 mM NaCl, l mM 

dithiothreitol), 25 mL of chyrnotrypsin (SO mg/ml in l rnM 

HCl) and 10 mL of test compound a~ various concentrations 

in dimethyl sulfoxide. The reaction is initiated by the 

25 adc~tion of 5 mL of substrate (succinyl-Ala-Phe-Pro-Phe-

para-ni~roanilide, 5 mg/mL in 2. 35 mM LiCl in 

. ~ .... ,,. . . . ·, ...... ·. ':, ...... ;, ...... . 



------------------------------------------------------

.a;::~'"·:·: ... : .. 

I 
I J 
-l' • 

W098/13343 PCT/US97115832 

43 

trif luoroethanol) . 

The absorbance at 390 nm versu:s time is monitored for 

90 seconds using a spectrophotometer and _ the rate 

constants are determined from the absorbance versus time 

data files. 

The data for these experiments for representative 

compounds are presented in· Table IV under the column 

"Ki". 

The neu:!'."otrophic effects of the compounds of the 

10 present invention can be demonstrated in cellular 

biological experiments in vitro, as described below. 

Chick Dorsal Root Ganalion. 

Cultures and Neurite Outgrowth 

:s 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 neurons from dorsal root ganglia. Dorsal 

root 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 LlS 

plus high glucose media supplemented with 2 mM glutamine 

·and 10%. fetal cal:: serum, and also containing 10 µM 

cytosine :IS-D arabinofuranoside (Ara C) at 37°C in an 

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

the DRGs were treat.ed with various concentrations of 
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nerve growth factor, immunophilin ligands or combinations 

of NFG plus drugs. Forty-eight hours after drug 

treatment, the ganglia were visualized· under phase 

contrast or Hoffman Modulation contrast with a Zeiss 

Axiovert. inverted microscope. Photomicrographs of the 

explants were made, and neurite outgroWt:h was 

q~antitated. Neurites longer than the DRG diameter were 

counteo as positive, with total number of neurites 

quantitated per eacb 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 ED50 

values were obtained. The results of these experiments 

-.,.. ... c:;. __ p:?:esem:ed in Table IV under the column 11 EDSO 11
• 

15 Represer.cative photomicrographs of untreated (control) 

20 

sensory neurons ·and of compounds l (10 pM, 1 nM, l µM}, 

9 (10 pM, l nM, 100 nM) and 10 (10 pM, 1 nM, 100 nM) 

pr~moting neurite outgrowth in sensory neurons are shown 

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

MPTP Model of Parkinson's Disease 

The remarkable neurctrophic and neuroregenerati ve 

effects of the present inventive· compounds were further 

·aemonstraced 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 

I 
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·week old male CDl white mice were dosed i.p. with 30 

mg/kg of MPTP for 5 days. Test compounds (4 mg/kg), or 

vehicle, were administered s. c. a-long with the MPTP for 

5 days, as well as for an additional 5 days following 

cessation of MPTP treatment. At 18 days following MPTP 

treatment, the animals were sacrificed and the striata 

were dissected and homogeni·zed. !_mmunostaining was 

performed on saggital and ·coronal brain sections using 

anti_-cyrosine hydroxylase l g to quantitate survival and 

10 :::-ecove:::-y of dopaminergic neurons. In animals treated 

15 

wi:h MP~P and vehicle, a substantial loss of functional 

-dcpami~ergic terminals was observed as compared to non-

lesioned animals. Lesioned animals receiving test 

compounds showed a significant recovery of TH:--stained 

dopaminergic neurons. 

The resul..:s of t:hese ·experiments are presented in 

TABLE !V under the column"% TH recovery". Quantitation 

xor the recovery cf TH-positive dopam~nergic neurons in 

the st=:.atum 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 . 

. ...... .. . 
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TABLE IV 
.. 

In Vitro Test Results 

I Exam12Ie # Ki. nM ED501 nM 3 TH recoverv 
I I 

f 1 31 0.4 23 . 
- 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 

:..s 31 8.7 31 

.. ., ,,_ 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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39 347 

·40 1~26 

I 41 366 
t I 
l 42 28 

5 43 259 

44 188 25 

45 31 

46 757 

47 21 50 

10 48 127 28 

49 1334 

50 55 62 

51 ...... .,_, 

52 6 

15 53. 261 

54 37 

55 30 

56 880 

57 57 

. 20 58 79 

59 962 

60 90 

--·· ....... ··. . -- -i- ·-- ... • . .. •, ... ·. ·.·. : 
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.·. 48 

61 139 

62 196 

63 82 
I 

t· 

l 64 163 

5 65 68 

66 306 5 38 

67 177 

68 284 -

69 49 23 

10 70 457 25 

71 788 

All publ:..::ations and patents identified above are 

15 hereby incorporated by reference. 

The invencion being thus desc=ibed, it will be 

obvious that the same may be varied in many ways. Such 

variations are no~ 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. 

--·-·. ·; .. : .. -· . ·~ ·; .... • ........ · .. • .. ·.··. . . . . . . . . . . . . ·.·.·.· .. ···. 
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WE CLAIM: 11111111111111 11111 1111111 1111 
* C L M S * 

1. A compound of formula II: 

II 

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, CH2 , 

CHR! and C (R!) 2 ; 

R: is selec~ed from the group consisting of C1 -C5 

straight or branched chain alkyl, C:?-Cs straight or 

branched chain alkenyl, Ar! and mixtures thereof, wherein 

said R1 is unsubstituted or substituted with halo, nitre, 

20 C1 -C5 straight or branched chain alkyl, C2 -C6 straight or 

branched chain alkenyl, hydroxy, Ci -C4 alkoxy, C2 -C4 

alkenyloxy, phenoxy, benzyloxy, amino, Ari or a mixture 

thereof; 

R::? is selected from the group consisting of C1 -C9 

25 straight or branched chain alkyl, C2 -C9 straight or 

branched chain alkenyl, C5 -C, 

:· .···:. 
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cycloalkenyl and.Ar1 i and 

Ar1 is phenyl, benzyl, pyridyl, fluorenyl, 

thioindolyl or naphthyl wherein said Ar1 is unsubstituted 

or substituted with halo, hydroxy, nitre, C1 -C6 straight 

or branched chain alkyl, C2 -C6 straight or branched chain 

alkenyl, C:. - C4 alkoxy, c:!-c4 alkenyloxy, phenoxy ,· 

benzyloxy, am~~o or a mixture thereof. 

2. The compound of claim 1, wherein: 

~ is l; and 

X is O. 

3. The compound of claim 2, wherein Z is CH2 • 

4. The compound of claim 3, which is selected" from 

the group consisting of: 

(25)-2-({1-0xo-5-phenyl}-pentyl-1-{3,3-dimethyl-l,2-

dioxopentyl)pyrrolidine; 

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

20 pyrrolidine)-1,2-pentanedione; 

25 

(25)-2-({l-Oxo-4-phenyl}-butyl-l-(3,3-dimethyl-l,2-

dioxobutyl)pyrrolidine; 

(2S)-2-({l-Oxo-4-phenyl}-butyl-1-c2-cyclohex¥l-1,2-

dioxoethyl)pyrrolidine; 

2-({1-0xo-4-phenyl}-butyl-1-(3,3-dimethyl-l,2-

dioxobutyl)pyrrolidine; and 

.. . · i -... ····.· .· .. 
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1-·{ (25)-2-[5,5-di(4-F~uorophenyi)pentanoyl)-2-

pyrrolidine}-3,3-dime~hyl-l,2-pentanedione. 

5. The compound of claim 2, wherein Z is S. 

6. The compound of claim 5, which is selected from 

the group consisting of: 

2-Phenyl-l-ethyll-(3,3-dimethyl-l,2-dioxopentyl)-2-

piperidinecarbothioate; 

(3-Thioindoiyl)methyl (25) -1- (3, 3-dimethyl-l, 2-

dioxopentyl)-2-pyrrolidinecarbothioate; 

2-Phenyl-1-ethyl (25)-1-(2-cyclohexyl-l,2-

dioxopentyl)-2-pyrrolidinecarbothioate; 

2-Phenyl-1-ethyl (25)-1-(l-cyclopentyl-l,2-

15 dioxopentyl)-2-pyrrolidinecarbothioate; 

3-Phenyl-l-propyl (2S)-1-(3,3-dimethyl-1,2-

dioxopentyl)-2-pyrrolidinecarbothioate; 

3-(3-Pyridyl)-l-propyl (25)-1-(3,3-dimethyl-l,2-

diox~pentyl)-2-pyrrolidinecarbothioate; 

20 3-Phenyl-1-propyl (25)-1-(2-cyclohexyl-l,2-

dioxoet:hyl) -2-pyrrolidinecarbothioate·; 

4-Phenyl-1-butyl (25)-1-(2-cyclohexyl-l,2-

dioxoet:hyl)-2-pyrrolidinecarbothioate; 

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

25 dioxopentyl)-2-pyrrolidinecarbothioate; 

;._, ·.· .•·:··· .···.··.··.· ....... ·.· 
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3-(3-Pyridyl)-l-propyl (25) -1- (2-cyclohexyl-1·, 2-

dioxopentyl)-2-pyrrolidinecarbothioate; 

• 
3,3-Diphenyl-l-propyl (25)-1-(3,3-dimethyl-l,2-

• 1 
l" dioxopenty.1)-2-pyrrolidinecarbothioate; 

5 3,3-Diphenyl-l-propyl (25)-1~(2-Cyclohexyl-1,2-

dioxopentyl)-2-pyrrolidinecarbothioate; 

3-(para-Methoxyphenyl)-1-propyl (2S)-l-(3,3-dimethyl-

l,2-dioxopentyl)-2-pyrrolidinecarbothioate; 

3,3-Di(para-Fluoro)phenyl-l-propyl· {2S)-l-(3,3-

10 dimethyl_-1, 2-dioxopentyl) -2-pyrrolidinecarbothioate; 

4,4-Di{para-fluorcphenyl)butyl 1-(3,3-dimethyl-2~ 

oxopentanoyl)-2-pyrrolidinecarbothioate; 

3-(l-Naphthyl)prcpyl {28)-l- (3,3-dimethyl-2-

oxopentanoyl)-2-pyrrolidinecarbothioate; 

15 2,2-Diphenylethyl (2S) -l-(3,3-dimethyl-2-

oxoper.tanoyl)tetrahydro-lH-2-pyrrolecarbothioate; 

3-[~-(Trifluoromethyl)phenyl)propyl (25)-1-(3,3-

dimethyl-2-oxopentanoyl)-2-pyrrolidinecarbothioate; 

3-(2-Naphthyl)propyl (25)-1-(3,3-dimethyl-2-

20 oxopentanoyl)-2-pyrrolidinecarbothioate; 

3-(3-Chlorophenyl)propyl {25)-1-(3,3-dimethyl-2-

oxopentanoyl)-2-pyrrolidinecarbothioate; 

3-[3-(~rifluoromethyl)phenyl}propyl { 2 5} ~ 1- ( 3 I 3 -

dimethyl-2-o~qpentanoyl)-2-pyrrolidinecarbothioate; 

25 3-(:-Biphenyl)propyl (25)-1-(3,3-dimethyl-2-

oxcpentanoyl)-2-pyrrolidinecarbothioate; 

"Z'I"." .·.· .. : ·... ... . . . . .. ··.··:. 
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3-(2-Fluorophenyl)p=opyl {25)-1-(3,3-dimet:hyl-2-

oxopentanoyl)-2-pyrrolidinecarbothioate; 

3-(3-Fluorophenyl)propyl (25) -1- (3, 3·-dimethyl-2-

oxopentanoyl)-2-pyrrolidinecarbothioate; 

3-(2-Ch.!orophenyllprop:yl (25)-1-(3,3-dimethyl-2-

oxopentanoyl)-2-py=rolidinecarbothioate; and 

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

oxopentanoyl)-2-pyrrolidinecarbothioate. 

7. The compound of claim 1, wherein: 

n is l; and 

·xis s. 

8 . The compound of claim 7, wherein Z is CH2 • 

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

10. The compound of claim 1, wherein: 

n is 2; and 

X is o. 

11. The compound of claim 10~ ·wherein Z is ~-

12. The compound of cla1.m 11, which is selected from 

25 the group consisting of: 
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2-({l~Oxo-6-phenyl}-hexyl-1-(3,3-dimethyl-l,2-

dioxobutyl)piperidine; and 

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

pentanedione. 

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-1-ethyl (28)-1- (3,3-dimethyl-1,2-

dioxopentyl)-2-pyrrolidinecarbothioate; 

2-Phenyl-1-ethyl l-(2-phenyl-1,2-dioxoethyl)-2-

piperidinecarbothioate; 

3-Phenyl-1-propyll-(3,3-dimethyl-l,2-dioxobutyl)-2-

~5 piperidinecarbothioate; 

4-Pher.yl-:-butyl l-(l,2-dioxo-3,3-dimethylbutyl)-2-

piperidinecarbothioate; 

·2,S-Diphenyl-3-pentyl l-{3,3-dimethyl-1,2-

dioxopentyl)-2-piperidinecarbothioate; 

20 1,5-Diphenyl-3-mercaptopentyl l-{3-phenyl-1.,2-

dioxoethyl)-2-piperidinecarbothioate; 

3-(para-Methoxyphenyl)-l-propyl 1-(1,2-dioxo-3,3-

dimethylpentyl)piperidine-2-carbothioate; 

3- (para-~.ethoxyphenyl) -l~propyl l-{2-phenyl-1,2-

25 dicxoethyl)piperidine-2-carbothioate; 

I . 
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3-(l-Naphthy1)-l-propyl 1-(3,3-dimethyl-l,2-

dioxopentyl)piperidine-2-carbothioate; 

2,2-Diphenylethyl (25)-1-(3,3-dimethyl-2-

oxopentanoyl)-2-piperidinecarbothioate; 

3,3-Diphenylpropyl 1-(3,3-dimethyl-2-oxopentanoyl)-2-

piperidinecarbothioate; 

3-(2-Naphthyl)propyl (2R,S)-l-(3,3-dimethyl-2-

oxopentanoyl)-2-piperidinecarbothioate; 

4-Phenylbur.yl 1-· ( 3, 3 -dimethyl-2-oxopentanoyl) -2-

10 piperidinecarbothioate; 

, -_!:) 

20 

25 

I 

3-Phenylpropyl 1-(3,3-dirnethyl-2-oxopentanoyl)-2-

piperidinecarbothioate; 

3-(2-Chlorophenyl)propyl 1-(3,3-dirnethyl-2-

oxopen:anoyl)-2-piperidinecarbothioate; 

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

oxopentanoyl)-2-piperidinecarbothioate; and 

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

oxopencanoyl)-2-piperidinecarbothioate. 

15. The compound of claim 1, wherein: 

n is 2; and 

X is S. 

16. The ~ompound of claim 15, wherein Z is ~-

17. The c~mpound of 15, wherein Z is S. 
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18 . The tompo·und o·f. claim 15 , wherein Z is CHR1 
• 

19. The compound of claim 18, which is 2- C{l-Oxo- [2-

{2'-phenyl}ethyl] -4-phenyl}~butyl-l- (3, 3-dimethyl-1,2-

dioxobutyl)piperidine . 

20. A pharmaceutical composition comprising: 

(i) an effective amount of the compound of claim 1 

for effecting a neuronal activity; and 

(ii) a pharmaceutically acceptable carrier. 

21. The pharmaceutical composition of claim 20, 

wherein, in said compound: 

n is 1; and 

X is o. 

22. The pharmaceutical composition of claim 21, 

wherein, in said compound, Z is CH~. 

23. The pharmaceutical composition of claim 22, 

wherein said compound is selected from the group 

consisting of: 

(25)-2-C{l-Oxo-5-phenyl}-pentyl-l-(3,3-dimethyl-l,2-

dioxopentyl)~yrrolidine; 

3,3-Dimethyl-l-[(25)-2-(5-(3-pyridyl)pentanoyl)-l-

pyrrolidine)-1,2-pentanedione; 
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(2S)-2-({l-Oxo-4-phenyl}-butyl-1-(3,3-dimethyl-l,2-

dioxobutyl)pyrrolidine; 

(2S)-2-({l-Oxo-4-phenyl}-butyl-l-(2-cyclohexyl-1,2-

dioxoethyl)pyrrolidine; 

2-({1-0x6-4-phenyl}-butyl-l-(3,3-dimethyl-i,2-

dioxobutyl)pyrrolidine; and 

1-{ (25)-2~[5,5-di(4-Fluorophenyl)pentanoyl]-2-

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

24. The pharmaceutical composition of claim 21, 

wherein, in said compound, Z is s. 

25. The pharmaceutical composition of claim 24, 

wherein said compound is selected from the group 

15 consiscing of: 

2-Phenyl-l-ethyll-(3,3-dimethyl-l,2-dioxopentyl)-2-

piperidinecarbothioace; 

(3-Thioindolyl)methyl (25)-:-(3,3-dimethyl-l,2-

diox9pentyl)-2-pyrrolidinecarbothioate; 

20 2-Phenyl-l-ethyl (25)-1-(2-cyclohexyl-l,2-

dioxopentyl)-2-pyrrolidinecarbothioate; 

2-Phenyl-l-ethyl (25)-1-(1-cyclopentyl-l,2-

dioxopentyl)-2-pyrrolidinecarbothioate; 

3-Phenyl~l-propyl (25)-1-(3,3-dimethyl-1)2-

25 dioxope~tyl)-2-pyrrolidinecarbothioate; 
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3-(3-Pyridyl)-1-propyl (25)-1-(3,3-dimethyl-l,2-

dioxopentyl)-2-pyrrolidinecarbothioate; 

3-Phenyl-l-propyl (25)-1-{2-cyclohexyl-l,2-

dioxoethyl)-2-pyrrolidinecarbothioate; 

s-· 4-Phenyl-1-butyl (25)_-1-(2-c~clohexyl-l,2-

dioxoethyl)-2-pyrrolidinecarbothioate; 

4-Phenyl-1-butyl (25)-1-(3,3-dirnethyl-1,2-

dioxopentyl)-2-pyrrolidinecarbothioate; 

3-(3-Pyridyl)-l-propyl (25)-1-(2-cyclohexyl-l,2• 

10 dioxopentyll-2-pyrrolidinecarbothioate; 

3,3-Diphenyl-l-propyl {25) -1- (3, 3-dimethyl-l, 2.~ 

dioxopentyll-2~pyrrolidinecarbothioate; 

3,3-Diphenyl-L-propyl (25)-1-(2-Cyclohexyl-l,2-

dioxopentyl}-2-pyrrolidinecarbothioate; 

15 3-(para-Methoxyphenyl}-l-propyl (25)-1-(3,3-dim~thyl-

l,2-dicxopentyl}-2-pyrrolidinecarbothioate; 

3,3-Di(para-Fluoro)phenyl-l-propyl (25)-1-(3,3-

dimethyl-2,2-dioxopentyll-2-pyrrolidinecarbothioate; 

4,4-Di(para-fluorophenyl}butyl 1-(3,3-dimethyl-2-

20 oxopentanoyl}-2-pyrrolidinecarbothioate; 

3-(l-Naphthyl)propyl (25)-1-(3,3-dirnethyl-2-

oxopentanoyl)-2-pyrrolidinecarbothioate; 

2,2-Diphenylethyl (25)-1-(3,3-dirnethyl-2-

oxopent:anoyl}t:etrahydro-::..H-.2-pyrrolecarbothioate; 

25 3-(4-(T:::-ifluorornethyl)phenyl]propyl (25)-J.- (3,3-

dirnethyl-2-oxopentanoyl)-2-pyrr~l~dinecarbothioate; 
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3-(2-Naphthyl}propyl (2S)-l-(3,3-dimethyl-2-

oxopentanoyl)-2-pyrrolidinecarbothioate;· 

3-(3-Chlorophenyl)propyl (2S}-l-{3,~-dimethyl-2-

oxopentanoyl}-2-pyrrolidinecarbothioate; 

3-[3-(Trifluoromethyl)phenyl)propyl (25)-1-(3,3-

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-

10 oxopentanoyl)-2-pyrrolidinecarbothioate; 

3-(3-Fluorophenyl)propyl (25)-1-(3,3-dimethyl-2-

oxopentanoyl")-2-pyrrolidinecarbothioate; 

3-(2-Chlorophenyl)propyl (25)-1-(3,3-dimethyl-2-

oxopentanoyl)-2-pyrrolidinecarbothioate; and· 

15 3- (3,4-.Dimethoxyphenyl)p::.--opyl (25)-l- (3,3-dimethyl-2-

oxopen~anoyl)-2-py=:-c:i::i:.:iecarbothioate. 

26. The pharmacet:.~i.ca: composition of claim 20, 

wherein, in said compound: 

20 n is l; and 
.. 

X is S. 

27. The pharmaceu~i.cal composition of claim 26, 

wherein, in said compound, z is CH~. 

25 
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28. The pharmaceutical composition of 26, wherein, 

in said compound, z is .s. 

j 

I J 
.J 

29. The pharmaceutical composition of claim 20, 

5 wherein, in said compound: 

n is 2; and 

X is O. 

30. The pharmaceutical composition of claim 29, 

10 wherein, in said compound, Z is CH2 • 

31. The pharmaceutical composition of claim 30, 

wherein said compound is selected from the group 

consist.ing of: 

15 2-{{1-0xo-6-phenyl}~hexyl-1-(3,3-dimethyl-~,2-

dioxobut.yl)piperidine; and 

3,3-Dimethyl-l-[2-(4-phenylpentanoyl)piperidino)-l,2-

pent.anedione. 

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 f rorn the group 

·25 consisting of: 
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2-Phenyl-1-ethyl (25)-1-(3,3-dimethyl-l,2-

dioxopentyl) -·2-pyrrolidinecarbothioate; 

2-Phenyl-1-ethyl l-(2-phenyl-1,2-dioxoethyl)-2-
I 

I J 

.r 
piperidinecarbothioate; 

s 3-Phenyl-l-propyll-(3,3-dimethyl-1,2-dioxobutyl)-2-

piperidinecarbothioate; 

4-Phenyl-1-butyl 1-(1,2-dioxo-3;3-dimethylbutyl) -2-

piperidinecarbothioate; 

1,5-Diphenyl-3-pentyl l-(3,3-dimethyl-l,2-

10 dioxopentyl)-2-piperidinecarbothioate; 

l,5-Diphenyl-3-mercaptopentyl l- ( 3-phe·nyl-l, 2-

dioxoethyl)-2-piperidinecarbothioate; 

3-(para-Methoxyphenyl}-l-propyl l-{l,2-dioxo-3,3-

dimethylpentyl)piperidine-2-carbothioate; 

15 3-(para-Methoxyphenyl)-1-propyl 
,, 

l-(2-phenyl-1,2-

dioxoethyllpiperidine-2-carbothioate; 

3-(1-Naphthyl)-l-propyl 1-(3,3-dimethyl-1,2-

dioxopentyl)piperidine-2-carbothioate; 

2,2-Diphenylethyl (2S)-1-(3,3-dimethyl-2-

20 oxopentanoyl)-2-piperidinecarbothioate; 

3,3-Diphenylpropyl 1-(3,3-dimethyl-2-oxopentanoyl}-2-

piperidinecarbothioate; 

3-(2-Naphthyl)propyl (2R,S)-1-(3,3-dimethyl-2-

oxopentanoyl)-2-piperidinecarbothioate; 

25 4-Phenylbutyl 1-(3,3-dimethyl-2-oxopentanoyl)-2-

piperidinecarbothioate; 
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3-Phenylpropyl l-(3,3~dimethyl-2-oxopentanoyl)-2-

piperidinecarbothioate; 

3-(2-Chlorophenyl)propyl 1-(3,3-dimethyl-2-
I 

1 / 
oxopentanoyl) -2-piperidinecarbothioate; · 

I' • 
5 3-(2-Fluorophenyl)propyl 1-(3,3-dimethyl-2-

oxopentanoyl}-2-piperidinecarbot:hioate; and 

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

oxopentanoyl)-2-piperidinecarbothioate. 

10 34. The pharmaceutical composition of claim 20, 

wherein, in said compound: 

n is 2; and 

X is s. 

15 35. The pharmaceutical composition of clai~· 34, 

wherein, in said compound, Z is CH2 • 

36. The pharmaceutical composition of 34, wherein, 

in said ~ompound, Z is S. 

20 

37. The pharmaceutical composition of claim 34, 

wherein, in said compound,·z is CHR1 • 

38. The pharmaceutical composition of claim 37, 

2 5 where in said compound, is 2 - ( { 1-0xo- [ 2 - { 2 ·• -phenyl} ethyl] -

4 - phenyl} - butyl - l - ( 3, 3 - di met hy 1 - l, 2 -
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dioxobutyl)piperidine. 

39. A method for effecting a neuronal activity in an 

animal, comprising:_ 

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 st:imulation of damaged neurons, promotion of neuronal 

regeneration, prevention of neurodegeneration and 

treatment of neurological disorder. 

41. The method of claim 40, wherein the neurological 

15 disorder is selected from the group consisting of 

peripheral neuropathy caused by physical injury or 

disease state, traumatic injury to the brain, physical 

damage to the spinal 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 cons_isting of Alzheimer's Disease, Parkinson's 

25 Disease, and amyotrophic lateral sclerosis. 
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43. The method of claim 39, wherein, in said 

compound: 

n is l; and 

x is 0. 

5 

44. The method cf claim 43, wherein, in said 

compound, Z is CH2 • 

45. The met.hod of claim.44, wherein said c9mpound is 

10 .selected from the group consisting of: 

, ::::: 
-..J 

{25)-2-({l-Oxo-5-phenyl}-pentyl-l-(3,3-dimethyl-l,2-

dioxopentyl)pyrrolidine; 

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

py::-rolidine]-l,2-pentanedione; 
" . 

(25}-2-C{::.-oxo-4-phenyl}-butyl-1-(3,3-dimethyl-l,2-

dioxobutyl)pyr=olidine; 

(25)-2-({l-Oxo-4-phenyl}-butyl-l-(2-cyclohexyl-l,2-

dicxoethyl)pyrrolidine; 

~-({l-Oxo-4-phenyl}-butyl-l-(3,3-dimet~yl-1,2-

20 dioxobutyl)pyrrolidine; and 

1-{ (25)-2-[5,5-di{4-Fluorophenyl)pen~anoyl] -2-

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

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

25 compound, Z is S. 
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4 7 . The method of claim 4 6, wher.ein said compound is 

selected from the group consisting .of: 

2-Phenyl-l-ethyll-(3,3-dimethyl-l,2-dioxopentyl)-2-

piperidinecarbothioate; 

(3-Thioindolyl)methyl (2S}-1-(3,3-dimethyl-1,2-

dioxopentyl)-2-pyrrolidinecarbothioate; 

2-Phenyl-l-ethyl (25)-1-(2-cyclohexyl-l,2-

dioxopentyl)-2-pyrrolidinecarbothioate; 

2-Phenyl-l-ethyl (25)-1-(1-cyclopentyl-l,2-

10 dioxopentyl)-2-pyrrolidinecarbochioate; 

3-Phenyl-1-propyl {25)-1-(3,3-dimeth~l-l,2~ 

dioxopentyl)-2-pyrrolidinecarbothioate; 

3-(3-Pyridyl)-l-propyl (25}-1-(3,3-dimethyl-l,2-

dioxopentyl)-2-pyrrolidinecarbothioate; 

l.5 3-Phenyl-l-propyl (25)-1-(2-cyclohexyl~l,2-

dioxoe~byl)-2-pyrrolidinecarbothioate; 

4 - P!'leny::.. -1-bu tyl (25)-1- (2-cyclohexyl-1,2-

dioxoethyl)-2-pyrrolidinecarbothioate; 

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

20 dioxopentyl)-2-pyrrolidinecarbothioate; 

3-(3-Pyridyl)-l-propyl (25)-1-(2-cyclohexyl-1,2-

dioxopentyl)-2-pyr:::-olidinecarbothioate; 

3,3-Diphenyl-l-propyl (25)-1-(3,3-dimethyl-l,2-

dioxopentyl)-2-pyr:::-olidinecarbothioate; 

25 3,3-Diphenyl-l-propyl (2S)-l-(2-Cyclohexyl-l,2-

dioxopentyl)-2-pyr:::-olidinecarbothioate; 

. . . .......... . 
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3-(para-Methoxyphenyl)-1-propyl (25)-1-(3,3-d~methyl-

l,2-dioxopentyl)-2-pyrrolidinecarbothioate; 

3,3-Di(para-Fluoro)phenyl-1-propyl (25)-1-(3;3-

l dimethyl-1,2-dioxopentyl)-2-pyrrolidinecarbothioate; 

5 4,4-Di(para-fluorophenyl)butyl 1-(3,3-dimethyl-2-

oxcpentanoyl)-2-pyrrolidinecarbothioate; 

3- (2-Naphthyl)propyl (25)-1-(3,3·-dimethyl-2-

oxopentanoyl)-2-pyrrolidinecarbothioate; 

2,2-Diphenylethyl (25)-1- (3,3-d~methyl-2-

10 oxopentanoyl)tetrahydro-lH-2-pyrrolecarbothioate; 

3-[4-(Trifluorom~thyl)phenyl].propyl ( 2 S) -1- ( 3 I 3 - . 

dimethyl-2-oxopentanoyl)-2-py~rolidinecarbothioate; 

3-(2-Naphthyl)propyl (25)-1-(3,3-dimethyl-2-

oxopen~anoyl)-2-pyrrolidinecarbothioate; 

15 3-(3-Chlorophenyl}propyl (25)-1-(3,3-dimethYl-2-

oxopentanoyl")-2-pyr::-olidinecarbothioate; 

3-[3-(Trifluoromethyl)phenyl}propyl (25)-1-(3,3-

dimethyl-2-oxopentanoyl}-2-pyrrolidinecarbothioate; 

3-(l-Biphenyl}propy! (25)-1-(3,3-dimethyl-2-

20 oxopentanoyl)-2-pyrrolidinecarbothioate; 

3-(2-Fluorophenyl}propyl (25)-1-(3,3-dimethyl-2-

oxopentanoyl}-2-pyrrolidinecarbothioate; 

3-(3-Fluorophenyl)propyl (25) -1- (3, 3-dimethyl-2-

oxopentanoyl)-2-pyrrolidinecarbothioate; 

25 3-(2-Chlorophenyl)propyl (25)-1-(3,3-dimethyl-2-

oxcpentanoyl)-2-py::-rolidinecarbothioate; and 

. ··.-~·... . ..... :··. ... . • .. ~ ... 
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3-{3r4-Dimethoxyphenyl)propyl (25)-1-(3,3-d.imethyl-2-

oxopentanoyl)-2-pyrrolidinecar~othioate. 

48. The method of claim 3 9, wherein, in said 

5 compound: 

J.0 

.... 

..:.:::> 

20 

25 

I .. 

n is l; and 

X is s. 

49. The method of claim 48, where·in, in said 

compound, Z is CH2 • 
.. 

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

compound, Z is s. 

... 
51 . The method of claim 3 9, wherein, in said 

compound: 

n is 2; and 

X is O. 

52. The method of claim SJ., wherein, in said 

compound, Z is CH2 • 

53. The method of claim 52, wherein said compound is 

selected fro~_ the group consisting of: 

2-({l-Oxo-6-phenyl}-hexyl-1-(3,3-dimethyl-1,2-

dioxobutyl)piperidine; and 

. . . . . . 
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3,3-Dimethyl-l-[2-(4-phenylpentanoyl)piperidino]-l,2-

pentanedione. 

I 
I I 
l 

54. The method of claim 51, wherein, in said 

s compound, Z is·s. 

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-l,2-

10 dioxopentyl)-2-pyrrolidineca~bothioate; 

2-Phenyl-1-ethyl l-(2-phenyl-1,2-dioxoethyl)-2-

piperid~necarbothioate; 

3-Phenyl-l-propyll-(3,3-dimethyl-l,2-dioxobutyl)-2-

pipe~icinecarbothioate; 

" 15 4-Phenyl-1-butyl l-(l,2-dioxo-3,3-dimethylbutyl) -2-

piper~dinecarbothioate; 

l,5-Diphenyl-3-pentyl 1-(3,3-dimethyl-l,2-

dioxopentyl)-2-piperidinecarbothioate; 

l,5-Diphenyl-3-rnercaptopentyl 1-(3-phenyl-l,2-

20 dioxoethyl)-2-piperidinecarbothioate; 

3-(para-Methoxyphenyl)-l-propyl 1-(1,2-dioxo-3,3-

dimethylpentyl)piperidine-2-carbothioate; 

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

dicxoethyl)piperidine-2-carbothioate; 

25 3- (l-Naphthyl)-1-propyl 1-(3,3-dimethyl-l,2-

dioxopencyl)piper~dine-2-carbothioate; 



• 

--· 

I 

I l 
J' • 

.. 

5 -· 

WO 98/13343 
11111111111111 1111111111111111 

PCT/US97/15832 

* C L M S * 

69 

2,2-Diphenylethyl (25)-1-(3,3-dimethyl-2-

oxopent.anoyl) -2-piperidinecarbothioate; 

3,3-Diphenylpropyl 1-(3,3-dimethyl-2-oxopentanoyl}-2-

piperidinecarbothioate; 

3-(2-Naphthyl)propyl (2R,S)-1-{3,3-dimethyl-2-

cxopentanoyl)-2-piperidinecarbothioate; 

4-Phenylbutyl 1-(3,3-dimethyl-2-oxopentanoyl)-2-

piperidinecarbothioate; 

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

10 pi~eridinecarbothioate; 

, --=> 

20 

25 

. 3- (2-Chlorophenyl)propyl 1-(3,3-dimethyl-2-

oxopentanoyl)-2-piperidinecarbothioate; 

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

oxopentanoyl)-2-piperidinecarbothioate; and 

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

cx~pentanoyl)-2-piperidinecarbothioate. 

56. The method of claim 39, wherein, in said 

compound: 

n is 2; and 

X is s. 

57. The method of cla.im 56, wherein, in· said · 

compound, Z is CH2 • 
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58. The method of 56, wherein, in said compound, z 
is S. 

59 . The method of claim 56, wherein in said 

s compound, Z is CHR1 • 

60. The method of claim 59, wherein said compound is 

2-({1-0xo-[2-{2'-phenyl}ethyl]-4-phenyl}-butyl-l-(3,3-

dime~hyl-l,2-dioxobutyl)piperidin~. 


