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BACKGROUND OF THE INVENTTION

1. Field of the Invention
This invention relates to neurotrophic-compounds
having an affinity for FKBP-type immunophilins, their
10 preparation and use as inhibitors of the enzyme
activity associated with immunophilin proteins, and
partiéularly inhibitors of peptidyl*prolyl isomerase or

rotamase enzyme activity.

2. Description of the Prior Art

15 The term immunophilin refers to a number of
proteins that serve as receptors for the principal
immunosuppressant drugs, cyclosporin A (CsA), FK506,
and rapamycin. Known classes of immunophilins are
cyclophilins, and FK506 binding proteins, such as FKBP.

20 Cyclosporin A binds to cyclophilin while FKS506 and

» rapamycin bind to FKBP. These immunophilin-drug
complexes interface with a variety of intracellular
signal transduction systems, especially in the immune
system and the nervous system.

25 Immunophilins are known to have peptidyl-prolyl



and rapanycin. Known cl asses of imunophilins are

cycl ophilins, and

FK506 binding proteins, such as FKBP. 20 Cyclosporin A binds to
cyclophilin while FK506 and rapanycin bind to FKBP. These
i munophi | i n-drug conplexes interface with a variety of intracellular
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Immunophilins were originally discovered and
studied in immune tissue. It was initially postulated
by those skilled in the art that inhibition of the
immunophilins rotamase activity leads to the inhibition
of T-cell proliferation, thereby causing the
immunosuppressive action exhibited by immunosuppressive
drugs such as cyclosporin A, FK506, and rapamycin.
Further study has shown that the inhibition of rotamase
activity, in and of itself, is not sufficient for
immunosuppressant activity. Schreiber et al., Science,
.1990 vol. 250 pp. 556-559. It has been shown that the
immunophilin-drug complexes interact with ternary
protein targets as their mode of action. Schreiber et
al., Cell, 1991, vol. 6&, pp. 807-815. TIn the case of
FKBP-FK506 and FKBP-CsA, the drug-immunophilin
complexes bind to the enzyme calcineurin, inhibitory T-
cell receptor signalling leading to T-cell
proliferation. Similarly, the complei §f rapamycin and
FKBP interacts with the RAFT1/FRAP protein and inhibits
signalling from the IL-2 receptor.

Immunophilins have been found to be present at
high concentrations in the central nervous system.
Immunophilins are enriched 10-50 times more in the

central nervous system than in the immune system.
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Further study has



activity, in and of itself, is not sufficient for | mmunosuppr essant
activity. Schreiber et al., Science, 15 1990 vol. 250 pp. 556-559. It
has been shown that the i mmunophi | i n-drug conpl exes interact with
ternary protein targets as their node of action. Schreiber et

al ., Cell, 199%0u633 66, pp. 807-815. In the case of and
FKBP- CsA, the drug-i munophilin 20 conplexes bind to-the éﬁ?&%gﬁﬁé@?

cal cineurin, inhibitory T- cell recept signalling leading to T-cel
proliferation. Simlarly, the conplex of raganycin and FKBP i nteracts

wth the RAFTI/F t ng. .i It aII|n mthe | L-2
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enriched 10-50 tinmes nore in central nervous system in the

| mmure system  synthesis, and neurotransmlttgr release. 3 Wt hin
neural tissues, imunophilins appear to I nfl uence neuronal process

extension, nitric oxidet has ksen ifeund, thatl pieowdlzan Sncent raek 8as ot
5 an immunosuppressant such as FK506 and rapamycin
stimﬁlate neurite out growth in PC12 cells and sensory
nervous, namely dorsal root ganglion cells (DRGs).
Lyons et al., Proc. of Natl. Acad. Sci., 1994 vol. 91,
pPp. 3191-3195. In whole animal experiments, FK506 has
10 been shown to stimulate nerve regeneration following
facial nerve injury and results in functional recovery
in animals with sciatic nerve lesions.
Surprisingly, it has been found that drugs with a
high affinity for FKBP are potent rotamase inhibitors
15 causing a neurotrophic effect. Lyons et al. These
findings suggest the use of immunosuppressants in
treating various peripheral neuropathies and enhancing
neuronal regrowth in the central nervous system (CNS).
Studies have demonstrated that neurodegenerative
20 disorders such as Alzheimer’s disease, Parkinson’'s
diseaée, 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.
25 ) Several neurotrophic factors effecting specific
neuronal populations in the central nervous system have
been identified. For exéﬁple, it has been hypothesized

that Alzheimer’s disease results from a decrease or



It has been found that piconolar concentrations of 5 an i mmunosuppr essant

such as FK506 and rapamycin stinulate neurite out growh in PCl2 cells
and sensory nervous, nanely dorsal root ganglion cells (DRGs).

Lyons et al., Proc. of Natl. Acad. Sci., 1994 vol. 91, pp. 3191-3195.
I'n whol e ani Myo@%Rsss Ments, FK506 has 10 been shown to stigpfabodter Ve
regeneration foPIomAng facial nerve injury and results in functional
recovery in animals with sciatic nerve |esions.

Surprisingly, it has been found that drugs ith a high affinity for
FKBP are potent raotamase inhibitors causi urotrophi c_effect
Lyons et al. Thesk®S of PREUENGEOER, g%s?tqrhemggé ‘- of Frﬁﬁﬁd@ﬁ‘ﬁ’p?"@§§ants in
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nmay occur dued g.the h@ﬁve@rnt-_dﬁf‘é axadravablepl | didal Herlved

neur ot r ophi ¢ substance specific for a particular. popul ati on of
neurons affected idedwhe fdicsordesiliahy neurotTephial facts®t ragghi ¢ factors

effecting specific neuronal populations in the central nervous system
have been i demirddtetpifeR exalptzeadge tIh@sSbEeth;'mﬁ egenedating t hat
Al zhei mer' s di sease resul.ts froma decrease or .
neuronal populations.
Clinical application of these proteins in farious
neurological disease states is hampered by difficulties
10 in the delivery and biocavailability of large proteins
to nervous system targets. By contrast,
immunosuppressant drugs with neurotrophic activity are
relatively small and display. excellent bioafailability
and specificity. However, when administered
15 chronically, immunosuppressants exhibit a number of
potentially serious side effects including
nephrotoxicity, such as impairment of glomerular
filtration and irreversible interstitial fibrosis (Kopp
et al., 1991, J. Am. Soc. Nephrol. 1:162); neuroldgical
20 deficits, such as involuntary tremors, or non-specific
cerebral angina such as non-localized headaches (De
Groen et al., 1987, N. Engl. J. Med. 317:861); and
vascular hypertension with complications resulting
therefrom (Kahan et al., 1989 N. Engl. J. Med. 321:
25 1725).
In order to prevent the side effects associated:

with use of the immunosuppressant compounds, the

present invention provides non-immunosuppressive



4 | oss of nerve growth factor (NGF). It has thus been proposed to

treat Al zheiner's patients with exogenous nerve grow h factor or other
neur ot r ophi ¢ proteins such as brain derived nerve factor (BDNF), gli al
derived 5 nerve factor, ciliary neurotrophic factor, and

neur ot r opi n- 3 i ase the survival of degenerating al

popul ati ons. b sedfiaf Clinical application of these proteinggﬁﬁggéf?bus
neur ol ogi cal di sease states is hanpered by difficulties 10 1in the
delivery and bioavailability of |arge proteigis to nervous system
targets. By contrast, | mmunosuppr essant drugs w th neurotrophic
activity are doipidnasl Yonmalhiagmdsmildpinyl eexadel FRBP bboavadd ability

and specificity. However, when adm nistered 15 <chronically,

i mMrunosuppr essant sirddfrilictrsa feunbrenoting neyremadt ggbwghsand ous si de

ef fects including nephrotoxicity, such as inpairment of glomerular
filtration and irrregansnstdonniar ¥arious Bauncpsitholreppal sitwatigns 1991,

J. Am Soc. Nephrol. 1:162); neurological .20 _deficits, suc S
i nvol unt ary t r emorrdiexsy %ic???ﬁgr can be facilitated 1nc{]u£1ng

§ peripheral nexrve damage by physical injury or disease
state such as diabetes, physical damage to the central
nervous system (spinal cord and brain) brain damage
associated with stroke, and for the treatment of
neurological disorders relating to nepfodegeneration,

10 includiné Parkinson’s disease, Alzheimer’s disease, and

amyotrophic lateral sclerosis.

- 8 Y OF E INVENTION
The present invention relates to.a novel class of
neurotrophic compounds having'an affinity for FKRBP-type
15 immunophilins. Once bound to this protein the
neurotrophic compounds are potent inhibitors of the
enzyme activity associated with immunophilin proteins
and particularly rotamase enzyme activity, thereby
stimulating neuronal regeneration and outgrowth. A key
20 feature of the compounds of the present invention is
that they do not exert any significant
immunosuppressive activity in addition to their
neurotrophic activity.
A preferred embodiment of this invention is a

25 neurotrophic compound of the formula:



cerebral angina such as non-1localized headaches (De

1987, N. Engl. J. Med. 317:861); and vascul ar hypertension with

conplications resulting therefrom (Kahan et al., 1989 N. Engl. J.

321: 25 1725).
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In order. to prevent the side effects associated

provi des non-i mmunosuppr essi ve
conmpounds containing small nol ecul e FKBP rot anase i nhibitors for

pronoti ng neuronal

growt h and regenerafion in various
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R, is selected from the Qroup consisting of a C,-C,
straight or branched chain alkyl or alkenyl group
optionally substituted with C;-Cy cycloalkyl, C; or
Cs cycloalkyl, C;-C, cycloalkenyl, Ar,, where said
alkyl, alkenyl, cycloalkyl or cycloalkenyl groups
may be opticnally substituted with C,-C, alkyl, C;-
C, alkenyl, or hydroxy, where Ar, is selected from
the group consisting of l-napthyl, 2-napthyl, 2-
indolyl, 3-indolyl, 2-furyl, 3-furyl, 2-thiazolyl,
g-thienyl, 3-thienyl, 2-,3-, 4-pyridyl, and
phenyl, having one to three substituents which are
independently selected from the group consisking
of hydrogen, halo, hydroxyl, nitro,
trifluoromethyl, C,-C, straight or branched

alkyl or alkenyl, C;-C, alkoxy or C,-C, alkenyloxy,
phenoxy, benzyloxy, and amino; '

X - 1is selected from the group consisting of

the central nervous system
Yaretlwith stroke, and for
[?glating t o neur odegenerati on,



SUMVARY OF THE | NVENTI ON The present invention relates to a novel

cl ass of neur ot r ophi ¢ conpounds having an affinity for FKBP-type 15
i mmunophilins. Once bound to this protein the neur ot r ophi ¢ conpounds
are potent inhibitors of the enzynme activity associated with

I mmunophi | i n pwotogisnga and particularly rotamase enzyne a&taNdsioy7o1

t her eby stinmul ating neuronal regeneration and outgrowth. A key 20
feature of the conpounds of the present invention is that they do not
exert any significant |nnunosuppreSS|ve activity in addition to their
neurotrophic activity. of th s I nvention
Is a 25 neurotrophlc conpSﬁX {#ﬁ¥% ‘%%e%?&%ﬂe”?8§)

6 Y Eeééiected from the group comsisting of

oxygen or NR,, where R, is hydrogen or C,-C¢
alkyl; and
5 Z is selected from the group consisting of C,-
Cs straight or branched chain alkyl or
alkenyl,
wherein the alkyl chain is substituted in one or
more positions with Ar; as defined above, C;~Cy

10 cycloalkyl, cycloalkyl connected by a C,-C;
straight or unbranched alkyl or alkenyl chain, and
Ar, where Ar, is selected from the grioup
consisting of 2-indolyl, 3;indolyl, 2-furyl, 3- i
furyl, 2- thiazolyl, 2-thienyl, 3-thienyl, 2-,

5 3-, or 4-pyridyl, and phenyl, having one to three
substituents which are independently selected from
the group consisting of hydrogen, halo, hydroxyl,
nitro, trifluorometﬁyl, C,-C; straight or branched
alkyl or alkenyl, C,-C, alkoxy or C,-C, alkenyloxy,

20 phenoxy, benzyloxy, and amino;

Z may also be the fragment:

o




wher e Rlerr] is selected fromthe group consisting of a
Cerr]-Cerr] strai ght or branched chain al kyl or al kenyl group
5 optionally substituted with C3-CJerr] cycloal kyl, C3 or

Cerr] cycloalkyl, Clerr]-Clerr] cycloal kenyl, Ar[err], where said

al kyl , al kenyl woe¥gdses! kyl or cycl oal kenyl groups
optionally substituted with err]-Clerr] alkyl, C(err]- P&%’ssg}&&
al kenyl, or. hydroxy, where Ar[err] is selected from 10 t he group
consi sting of 1-napthyl, 2-napthyl,.2- 8 i ndol yl, 3-indolyl,
2-furyl, 3-furyl, 2-thiazolyl, 2-thienyl, 3-thienyl, 2-,3-,
4-pyridyl, and ~ where phenyl, having one to three substituents which

i nd I f i Sti
of hydrogen, hal o, hydfoxyl 22 e £ EAE LR CEREERE o8 o1 1) . o

LI beainsy  semidhios Sratbhen Rk chalhatt, o
X I's selected fromthe ghoustGQREESWiRE Of-C, cycloalkyl, or Ar, as
5 defined above, and unsubstituted Ar,;

b is' 'O or NR;, where Ry is selected from the
group consisting of hydrogen, C,-C; straight
or branched alkyl and alkenyl;

R, is selected from the group consisting of

10 phenyl, benzyl, C,-C; straight or branched
alkyl or alkenyl, and C,-C; straight or
branched alkyl or alkenyl substituted with
phenyl; or pharmaceutically adceptable salts
or hydrates thereof.

15 Another prefgrred embodiment of this invention is

a neurotrophic compound of the formula:



7 oxygen, sul fur, nethylene (CH2), or Herr]; Y

Is selected fromthe group consisting of oxygen or NR2 where
R2 is hydrogen or (Jerr]-Cerr] al kyl; and 5 Z S
selected fromthe group consisting of C2- Cerr] straight or
branched chai wodddpésszor al kenyl , ' Jfb«; al kyl
chain is substituted in one or nore positions w }tﬂlﬁeiﬁ%ﬁ? as
defined above, C3-(Jerr] 10 cycl oal k%I , cycloal kyl connected by a
Cerr]-Cerr] strai ght or unbranched al kyl or al kenyl chain, and
Ar2 where Ar2 is §§é§§t ed fromthe group consi sting of 2-indolyl,
3-indolyl, 2-furyl, 3- furyl, 2- thiazolyl, 2-thienyl, 3-thienyl,
2-, 15 3-, or 4pyrijdyla cang, RReaybht heyivkhed enbine
substituents which are | ndependeﬁt I9y sel egt ed from _ Elt %ékg%oup

consi-sting of hydrogen, haloy, alyengXygroup optionalliyt EQbsthifitaeremms hyl,
Cerr]-Cerr] straight or branched al kyl or alkenyl, Cerr]-C4
al koxy or Cerr]-C4 al kenylGax§s cyRdoalkyl, pAemwaxy¥; dsrindldl, apdcam no;
Z may also begﬂu&fragnentéyc %;&Lenyl, or Ar,, where said alkyl
) 1 ’
alkenyl, cycloalkyl or cycloalkenyl groups
may be optionally substituted with C,-C,
alkyl, C,-C, alkenyl, or hydroxy, and where
Ar, is selected from the group consisting of
10 l1-napthyl, 2-napthyl, 2-indolyl, 3-indolyl,
2-furyl, 3-furyl, 2-thiazolyl, 2-thienyl,
3-thienyl, 2-,3-, or 4-pyridyl, or phenyl,
having one to three substituents which are
independehtly selected from the group.
15 consisting of hydrogen, halo, hydroxyl,
nitro, trifluoromethyl, C,-C; straight of
branched alkyl or alkenyl, C,-C, alkoxy or C,-
C, alkenyloxy, phenoxy, benzyloxy, and amino;
z is a C,-C; straight-or branched chain alkyl
20 or alkenyl, wherein the-alkyl chain is
substituted in one or more positions with Ar,
as defined above, C,-C, cycloalkyl,
cycloalkyl connected by a C,-C¢ straight.
or unbranched alkyl or alkenyl chain, or Ar,
25 where Ar, is seiected from the group
consisting of 2-indolyl, 3-indolyl, 2-furyl,
3-furyl, 2- thiazolyl, 2-thienyl, 3-thienyl,

2-, 3-, or 4-pyridyl, or phenyl, having one



8 wher e R3 I's selected fromthe group consisting of
straight or branched alkyl C[err]-Cerr] optionally
substituted with C3-CJerr] cycloal kyl, or Ar[err] as defi ned above, and

unsubstituted Ar[err]; X err] is Oor NRerr], where Rerr] is
selected from group consi sting of hydrog

Cerr]- C[err] ?P?g,“éﬁﬁ? or branched al kyl andel;alrli(f%sr?f//?g;-m

Rl err] is selected fromthe group consisting of 10 phenyl ,
benzyl, Cerr]-Clerr] straight or branched 10 : al kyl or al kenyl,
and Cerr]-Cerr] straight or branched al kyl or al ken
substituted with to thﬁﬂ?eﬁiﬁps‘:&'ﬁuﬁﬁ%? n‘ﬁ‘b’tﬁh |aé'&l Lpdgperpenble
salts or hydr referred

embodi ment of this inventi of %éiedh rgmnga?o?F?ﬁﬁu °3§ 6ﬁﬂd88f t he
formula: [err] hydrogen, halo, hydroxyl, nitro,

trifluoromethyl, C;-Cs straight or branched
5 alkyl or alkenyl, C,-C, alkoxy or C,-C,
alkenyloxy, phenoxy, benzyloxy, and amino; or
pharﬁaceutically'accepfable salts or hydrates
thereof.
Another preferred embodiment of the invenﬁion is a
10 neuro;rophic compound having an affinity for FKBP-type
immunophilins which inhibit the rotamase activity of
the immunophilin.
Another preferred embodiment of the present
ipvention is a method for treating a neurologiéal
15 disorder in an animal comprising administering a
therapeutically effectivg amount of a compound having
an affinity for FKBP-type immunophilins which inhibits
the rotamase activity of the immunophilin.
Another preferred embodiment of the invention is a
20 method of promoting neuronal regeneration and growth in
mammals, comprising administering to a mammal an
effective amouﬁt of a neurotrophic compound having an
affinity for FKBP-type immunophilins which inhibits the
rotamase activity of the immunophilin.
25 Yet another preferred embodiment of the inwvention
is a method of preventing neurodegeneration in an
animal comprising administering to an animal an

effective amount of a neurotrophic compound having an



9 wher e R err] is a err]-Cferr] straight or branched
chai n al kyl or al kenyl group optionally substituted with
C3-C[err] cycloalkyl, C3 or CJerr] cycloalkyl, Cerr]-C7 5
cycl oal kenyl, or Ar[err], where said al kyl, ' al kenyl ,

cycl oal kyl or wgobmaskenyl groups may be o

substituted with Jerr]-C4 al kyl, Ci1-C4 al Eﬁdﬂf@k/ﬁ%m
hydr oxy, and where Ar[err] is selected fron1the group
consi sting of 10 1- napt hyl, 2-amapt hyl, 2-indolyl, 3-indolyl,
2-furyl, 3-furyl, 2-thiazolyl, 2-thienyl, 3- thlenyl

2-,3-, or 4- pyr|d9ffl%¥5bh%%vlFKBP type lmmunOPhllh@WIWEFQhuinhdbﬁhéee

substituents which a |ndeﬁ§ndently selected fromthe
group. 15 rotama%%r%‘r'%’t‘ﬁﬁ}’ &t W&r o5 n’nydr oxyl ,

nitro; trifluororrethyl rr] r%ré],? (rrgs 1 br anched
al kyl or alkenyl, der?} aﬁk ?%lmen is a neurotroppic N-

al kenyl oxy, phenoxys.q 5¥9@ égg% is aC-derr]
strai ght or br anc%e’é %ﬁglz% alkyl f@bﬁlﬁound ot %k%e aﬁ‘%mnﬂ'l wherein the

al kyl chain is substituted in one or nore positions wth
Ar[err] as defined aboyes—C3-([err] cycl oal kyl,

oq

—

where
R, is a C,-C; straight or branched chain alkyl
or alkenyl group optionally substituted with
C; to G cycloalkyl, or Ar,, where Ar, is
10 selected from ehe group consisting of 2-
furyl, 2-thienyl, or phenyl;
X is selected from the group consisting of
oxygen and sulfur; )
Y is oxygen; and
15 Z is a straight or branched chain alkyl or
alkenyl, wherein the alkyl chain is
substituted in one or more positions with Ar,

as defined above, C;-C; cycloalkyl, Ar, where



cycl oal kyl connected by a Clerr]-Clerr] straight. or

unbranched al kyl or al kenyl chain, or Ar2 25 where Ar2 is

sel ected fromthe group consi sting of 2-indolyl, 3-indolyl,
2-furyl, 3-furyl, 2- thiazolyl, 2-thienyl, 3-thienyl,

2-, 3-, or 4-Ribehtkss or phenyl, having one _ PCT/US96/09701

10 to three substrtuents whi ch are independently

sel ected fromthe group consisting of hydr ogen, hal o,

hydr oxyl, nitro, trrfluoronéﬁhyl Cerr]-C6 straight or

br anched 5 al L I err derr]
al kenyl oxy, phenoxy, benzyﬁ%%yg Q%f@%ggd EQSH'EheCérQLE Y st k
pharmaceutical ly accept abl ez§aI3t_s Rk RAVELRI&YL, henyl, r

Anot her preferred enbodi ment ‘of t'’he |nvg£r’1?|&e% |s':)rap fnyneulrl%‘trr hc:;rgJ
conpound having an affinityd ah/déBRBub¥petuents iWHIEHORRE! Lﬂ&e%i‘é’ﬁ Rpi bi t
the rotanase activity of t he i nmunophi li n. her preferred

embodi ment of the present seledtedefirtbmnthe groms hmsfietihgesti ng a
neur ol ogi cal
5 hydrogen and C,;-C, alkoxy.

Particularly preferred neurotrophic N-glyoxyl
prolyl ester compounds according to the above formula
are selected from the group consisting of:

3-(2,5-dimethqupheny1)-l-propyl (28)-1-(3,3-

10 dimethyl-l,2-dioxopentyl)-2-pyrrolidinecérboxylate,

3-(2,5-dimethquphenyl)—l-prop—z-(E)-enyl (28) -1-
(3,3-dimethyl-1, 2-dioxopentyl) -2-pyrrolidine-
carboxylate,

2-(3,4,5-trimethoxyphenyl) -1-ethyl (28)-1-(3,3-

15 dimethyl-1,2-dioxopentyl) -2-pyrrolidinecarboxylate,
-~ (3-Pyridyl) -1-propyl (ZS)-1-(3;3-dimethyl-1,2—
dioxopentyl) -2-pyrrolidinecarboxylate,

3-(2~-Pyridyl) -1-propyl (2S)-1-(3,3-dimethyl-1,2-
dioxopentyl) -2-pyrrolidinecarboxylate,

20 3-(4-Pyridyl) -1-propyl (ZS)—l—(3,3-diﬁethy1—l,2—
dioxopentyl) -2-pyrrolidinecarboxylate,
3-phenyl-l-propyl (28}-1~-(2-tert-butyl-1,2-
dioxoethyl) -2-pyrrolidinecarboxylate,
3-phenyl-1-propyl (28)-1-(2-cyclohexylethyl-1,2-
25 dioxoethyl)-2-pyrrolidinecarboxylate,

3-(3-pyridyl) -1-propyl (25)-1-(2-cyclohexylethyl;
1,2-dioxoethyl) -2-pyrrolidinecarboxylate,

3-(3-pyridyl)-1-propyl (2S)-1-(2-tert-butyl-1,2-



15 disorder in an animal conprising admnistering a t herapeutically
ef fective anount of a conpound havi ng an affinity for FKBP-type

i mmunophi lins which inhibits the rotanase activity of the

i mmunophilin. Another preferred enbodi nent of the inventionis a 20

met hod of pronwbbagsdeur onal regeneration and growth in PCTRIESE 99501
conprising admnistering to a manmal an effective anount of a
neur ot r ophi ¢ conpound havi ng an affinigy'for FKBP-t ype i nmunophilins
whi ch inhibits the rotamase activity of the I mmunophilin. 25

Yet anot her. prefeagggogéﬁ&éﬂf?%pxﬁyblgggngggﬁg%*§{htn s a nethod of

preventi ng neurodegener ani conpr’i sing admi nistering to

an ani mal an ef f egt 4 Vg; SHEHAL- 10brapReut 28y ophi £, LRRG1havENg an

11 affinity for %k%ﬁ?%ype innu%%pﬁ?liﬁs ahic% iﬂhibitgjgrl T rot amase

activity of the i gruRepéhtyI) -2-pyrrolidindsathetyyaws.erred enbodiment is a

neurotrophic N gl yoxyl prolyl ester compound of the fornula:
3-(3-pyridyl) -1-propyl (2S)-1-(2-cyclohexyl-1i,2-

5 dioxoethyl)-2-pyrrolidinecarboxylate,
3-(3-Pyridyl) -1-propyl (2S)-N-([2-thienyl]
glyoxyl)pyrrolidinecarboxylate,
3,3-Diphenyl-1-propyl (2S5)-1-(3,3-dimethyl-1,2-
dioxobutyl) -2-pyrrolidinecarboxylate,
10 3,3-Dipheny1-l;propy1 (ZS)-l—cyclohexylglfoxyl—
2-pyrrolidinecarboxylate, and
3,3-Diphenyl-1-propyl (25)-1-(2-thienyl)glyoxyl-

2-pyrrolidinecarboxylate.

BRIEF DESCRIPTION OF THE DRAWINGS

15 Figure 1 is a photomicrograph of chick dorsal root
ganglia treated with various concentrations of Example
17 as indicated. Figure 1 shows that Example 17 of the
present invention potently promotes neurite outgrowth
in sensory neuronal cultures. Explant cultures

20 isolated form embryonic.day 9 - 10 chick dorsal root
ganglia were treated with various concentrations of
Example 17 as indicated. . Forty-eight hours later, the

- number of neurite with a length greater than one DRG

explant was quantitated. The number of neurites .

25 expressed in untreated DRG's was subtracted form the
neurite number of Example 17-treated samples to yield

Example 17-dependent specific neurite ocutgrowth.



[err] 5 wher e R err] is a (Jerr]-Cerr]

strai ght or branched chai n al kyl or al kenyl group
optionally substituted with C3 to (err] cycloal kyl, or
Ar[err], where Ar[err] is 10 sel ected fromthe group

consi sting of Zyoosmsoe3z furyl, 2-thienyl, or phenyl . coemorer X
Is selected fromthe - group consisting of oxygen and sul fur;
Y I s oxygen; and 15 Z is a straight or branched chain al kyl
or al kenyl, wherein the al kyl4 chain is

substituted in one or nore positions with Ar[err] as

defined above, C3-Wiereyraghs ofl BxampAe2lfhtreated DRG's, as well as
quantitative dose-dependent neurite outgrowth elicited
by Example 17 are piesented.
Figure 2 is a graph showing quantitation of .

5 neurite outgrowth in chick dorsal root ganglia treated
with various concentrations of Example 17 as indicated.
iFigure 2 shows that Example 17 of the present invention
potently promotes neurite outgrowth in sensory neuronal
cultures. Explant cultures isolated form embryonic day

10 9 =~ 10 chick dorsal root ganglia were treated with
various concentrations of Example 17 as indicated.
Forty-eight hours later, the number of neurite with a
length greater than one DRG explant was quantitated.
The number of neurites expressed in untreated DRG’s was

15 subtracted fbrm the neurite number of Example
17-treated samples to yield Example 17-dependent
specific neurite outgrowfh. Quantitative
dose-dependent neurite outgrowth elicited by Example 17
is presgented.

20 Figure 3 is a photomicrograph of rat sciatic nerve
sections. Figure 3 shows that Example 1 of the present
invention promotes neuronal regeneration following
‘sciatic nerve lesions. Sciatic nerves of 150 g male
Sprague-Dawley rats weie crushed at the level of the

25 hips. Example 1 (30 mg/kg s.c.}, Inactive (30 mg/kg
s.c.) or intralipid vehicle was administered once daily
for the next 21 days. Animals were sacrificed, sciatic

nerves removed and nerve 'segments 2 mm distal to the



12 Ar2 is selected fromthe group consisting of

2-, 3-, or 4-pyridyl, or phenyl, having one to three
substituents which are |ndependently selected fromthe
group consisting of 5 hydrogen and Clerr]-C4 alkoxy

Particul arly pweb&4osssd neurotrophic N gl yoxyl prolyl esi&ludbopgpunds
according to the above fornula are selected fromthe group conS|st|ng
of : 3- (2, 5-di met hoxyphenyl ) -1-propyl .(2S5)-1-(3,3- 10

di et hyl - 1, 2- di oxopent yl ) - 2- pyrrolidinecarbbiylate
3-(2, 5- dlnethoxyphenyl) 1-prop-2-(E)-enyl  (29)-1-
(3,3-dinmethyl-1,2 Qi“@hoﬁéﬁ?y?’?rg 85 imad sad stainedawbix Halmes

2-(3,4,5-trinet hox | h 1-(3, 3-

i oty o og%ﬁweny Eodno 1Y addans, st plpas) and Luxol fast
3-(3- dyl 1- 2S

di (()xogg:llt yl>/))2 psrgﬁ)é dgﬁeéﬁ oxy? f&enﬁn%mn) Ihe MERTIGRADRST ShRwpy |

(2S)-1-(3, 3-di nmet yd ol Qﬁﬂkm% pg qgﬁg[boxylate 20
3-(4-Pyridyl)-1- pr opy) 1%2%?’“{'5(3 G R peshté
di oxopentyl) 25 pY Rieliicdieneeaa DX Yl &t bned anlmals 3EREANYE -11-44PPY!
(2S)-1-(2-tert-butyl -1, 2- di oxoet hyl ) - 2- pyrrolldlnecarboxylate

Inactive treated at 630x magnification, four animals
per group.
Figure 4 is a graph of [*H] -CFT binding per pg of

Striatal Membrane Protein. Figure 4 shows that

10 neuroimmunophilin ligands of the present invention
promote recovery of dopamine neurcns following MPTP
treatment of mice. CD1 mice (25 g) were treated daily
with 30 pg/kg MPTP (i.p.) for 5 days. The animals were
also treated daily with intralipid vehicle, Example 1

15 (100 mg/kg s.c.) or Example 17 (40, 20, 10 mg/kg s.c.,
as indicated) concurrently with the MPTP and continued
for an additional 5 days. After eighteen days, the
mice were sacrificed, striata from 5 animals per group
were pooled and processed into.a washed membrane

20 preparation. Binding of ([3H]-CFT to these striated
membrane preparations of various groups was gquantitated
to determine dopamine transporter levels on viable
nerve terminals. Binding in the presence of 10 uM
unlabelled CFT provided on estimate of nonspecific

25 binding, which was subtracted from the total binding to
quantitative specific ([3H]-CFT bound. Binding was
normalized to the protein content of the striatal

membranes from each experimental group. Coronal and



3- phenyl - 1-propyl (2S)-1-(2-cycl ohexylethyl-1,2- 25 di oxoethyl)

-2-pyrrolidinecarboxyl at e, 3-(3-pyridyl)-1-propyl
(28) 1- (2-cycl ohexyl et hyl - 1,2-dioxoethy|)-2-pyrro|idinecarboxylate,
(3 pyridyl)-1-propyl (2S)-1-(2-tert-butyl-
di 0X0&d¥gibsa3- P ol i di necar boxyl at e PCT/US96/09701
3 3-di phenyl - 1- propyl (2S)-1-(3,3-dinethyl-1, 2-
di oxopentyl)-2-pyrrolidinecarboxyl at e, 3-(3-pyridyl)-1-propyl

(29)-1- (2dc¥clohexyl % 2- 5 dioxoethyl)-2%yrrolidinecarboxylate,
3-(3- [ -1- ! 2-
gl §/0X>F/)Iy ; :oy?/r §| | d{’%g%%éi?%ﬁ%{ﬁ[seéé}o%sy fl’%“‘s“’ﬁfp DY |1, FEsFed
2S 3, 3- - | :
L B st gt R sk

2-pyrrolidinecarbqxyhat gg g8 titate s8r3abhDhenddizh- HRRK:
(29)-1-(2- thlenyl)glyoxy? dquan-lbﬁ'reol|d|necarboxylate brain

BRI EF DESCRI PTI ONbGQhdTEEaibe NGt nigral levels of TH, which is

5 indicative of functional dopaminergic neurons.

Figure 5 is a bar graph of [*H]-CFT plotted for
200 pg of membrane protein. Figure 5 shows that
neuroimmunophilin ligands of the present invention
prdmote recovery of dopamine neurons following MPTP

10 treatment of mice in accordance with.the-procedure
described in Figure 4.

Figure 6 is a photomicrograph, at 630x
magnification, of coronal and saggital brain sections.
Figure 6 shows brain sections from MPTP and drug

15 treated animals stained with anti-tyrosine hydroxylase
(TH) Ig to guantitate striatal levels of TH, which is
indicative of functional dopaminergic neurons. .

~Figure 7 is a photomicrograph, at 50x
magnification, of coronal and saggital brain sections.

20 Figure 7 shows brain sections from MPTP and drug
treated animals stained with anti—tyrosiﬁe hydroxylase
(TH) Ig to quantitate nigral levels of TH, which is
indicative of functional dopaminergic neurons.

Figure 8 is a photomicrograph, at 400x

25 magnification; of coronal and saggital brain sections.
Figure 8 shows brain sections from MPTP and drug
treated animals stained with anti-tyrosine hydroxylase

(TH) Ig to quantitate medial forebrain bundle axonal



15 Figure 1 is a photom crograph of chick dorsal root ganglia
treated with various concentrations of Exanple 17 as indicated. Figure
1 shows that Exanple 17 of the present invention potently pronotes
neurite outgrowh in sensory neuronal cultures. Explant cultures 20

i sol ated formweobssoessi c day 9 - 10 chick dorsal root qﬁﬁg‘} re
treated with various concentrations of Exanple 17 as in |c§?gﬁﬁﬁ

Forty-eight hours later the nunber of neurite with a length greater

t han one DRG expl ant was quantitated. The nunber of neurites 25
expressed in untreated DRG s was subtracted formthe neurite nunber of
Exanpl e 17-treat ed®¥8h| @5 T Which is ingdigapive 19€ fematdemalspecific
neurite outgrow h, . : 14

M crogr aphs of ExgﬁBf‘glxﬁrqlrced'feeL}f% s, as well as guantitative
dose-"dependent neurite outgrowh elicited by Exanple 17 are presented.
Figure 2 is a graph show ng quantitation of 5 neurite outgrowt h in chick

dorsal root ganglia treat egkraTrERMIRECRADTANE SPNERR AfhAIS! Exanple 17
as i ndi cat ed. - = _

The novel neurotrophic compounds of this invention
5 are relatively small molecules in relation to other
known compounds which bind to FKBP-type immunophilins,
such as rapamycin, FK506, and cyclosporin.
The neurotrophic compounds of this invention have
an affinity for the fKSOG binding proteins such as
10 FKBP-12. When the neurotrcphic comﬁounds of the
invention are bound to.the FKBP, they have been found
to unexpectedly inhibit the prolyl- peptidyl cis-trans
isomerase activity, or rotamase activity of the.binding
protein and stimulate neurite growth, while not
15 exhibiting an immunosuppressant .effect.
More particularly, this invention relates to a
novel class of neurotrophic compounds represented by

the formula:



Figure 2 shows that Exanple 17 of the present invention potently
pronotes neurite outgrowh in sensory neuronal cul tures. Expl ant
cultures isolated formenbryonic day 10 9 - 10 chick dorsal root ganglia
were treated with various concentrations of Exanple 17 as indicated.

Forty-eight hgdsuab@dser. the nunber of neurite with a PERGdL LAt er
t han one DRG expl ant was quantit ated. The number of neurites expressed

inuntreated DRGs was 15 subtracted formthe neurite nunber of Exanple
17-treated sanples to yield Exanpl e 17-depéfdent specific neurite
outgrowt h. Quantitative dose- dependent_ neurite outgrowh elicited by
Exanple 17 is presented. 20 Figure 3 is a photom crograph of
rat sciatic nerve sections. Figure 3 shows that Exanple 1 of the

pr esent i nvention pronotes neuronal regeneration follow ng

sciatic nerve |esjpis Sciatic nerves of 150 g nal.e Spr ague- Dawl ey
rats were crushed at the level of the 25 hips. Exanple 1 (30 ng/kg

s.c.), Inactive (30 MEKY is a 6,-C,) sBEaidit Wd Pienvebl Chies e 1aGHT Ni St er ed
once daily for the next 21 days. Animals were sacrificed, sciatic
nerves renmoved and nerve segnehksn?l gralisstoplicibnalbe substituted with
5 C,-C; cycloalkyl, C; or C; cycloalkyl, C,-C,
cycloalkenyl, or Ar,, where said alkyl,
alkenyl, cycloalkyl or cycloalkenyl groups-'
may be opticnally substituted with CL-C,"
alkyl, C,-C, alkenyl, or hydroxy. and where
10 Ar, is selected from the group consisting of
l-napthyl, 2-napthyl, 2-indolyl, 3-indolyl,
2-furyl, 3-fury_1, 2- thiazolyl, 2-thienyl, 3-
thienyl, 2-, 3-, or 4-pyridyl, or phenirl,
ha;ving one to three substituen_ts which are
15 independently selected from the group
consisting of hydrogen, halo, hydroxyl,
nitro, trifluoromeﬁhyl, C,~C¢ straight or
branched alkyl or alkenyl, Cc,-C, alkoxy or C,-
C, alkenyloxy, phenoxy, benzyloxy, and amino;
20 X is oxygen, sulfur, methylene (CH,), or H,;
is oxygen or NR,, where R, is hydrogen or C,-
Ce alkyl; and '
V4 is'a C,-C, straight or branched chain alkyl
or alkenyl, wherein the alkyl chain is
25 substituted in one or more positions with Ar,
as defined above, C,-C, cycloalkyl,

cycloalkyl connected by a C,-C; straight or



15 crush site were sectioned and stai ned wi th Hol mes silver stain

(to assess axon nunber) and Luxol fast blue (to assess renyelination).
The m crographs show sciatic nerve sections of sham operated rats, 5
vehicl e-treated | esioned ani mals, Exanple 1 and I nactive treated at
630x magni f i cabiogmoess our ani mal s per group. Pefidoodhol S @
graph of [err] -CFT binding per [err]g of Striatal Menbrane Protein.
Figure 4 shows that 10 neuroi nmmunophilin |igands of the present invention
pronote recovery of dopam ne neurons foll ov%i9ng MPTP treatnment of m ce.

CD1L mce (25 g) were treated.dail

4 th_ 3 / TP (i.p,) f 5
days. The aninmals were u’ﬁﬁré&%\?ga?é’ai’ aﬂry&ﬁ%ﬁg "E)}:’Hp iglre,

Exanple 1 15 (100 ny/ kg _aﬁgal /kg s.c.,
as indicated) concurrently V{/i\nietcﬁ]e) tA%E\ % e?ﬁccfje?o(ﬁt%?ﬁugge a']c')o"lz?or an

addi i onal 5 days. After eigiifenidayss bbendolyl MEaMRNAGISagLi ficed, -
striata from5 aninmals per group wer e pool ed and’ proCessed into a

washed nmenbrane 20 preparfity). 3-Bupgl ng2 of tRBHAcIGHT, toothhesel stil at ed
menbrane preparations of various groups was quantitated to determ ne
dopami ne transporter |evel shirenyilabRe, 3-, oer4-eyErylnaks. pBenglng in the
presence of 10 [err]M
_ having one to three substituents which are
independently selected from the group
consisting of hydrogen, halo, hydroxyl,
nitro, trifluoromethyl, C,-C; straight or
10 branched alkyl or alkenyl, C,-C, alkoxy or
Cl-C4 alkenyloxy, phenoxy, benzyloxy, and

amino;

b4 may also be the fragment:

— Cfl-?isz——R4

Ry

15 where
R, is selected from the group consisting of
straight or branched alkyl C,-C; optionally
substituted with C,-C, cycloalkyl, or Ar, as
defined above, and unsubstituted Ar,;

20 X, is O or NR;, where R; is selected from the



unl abel  ed CFT provided on estimate of nonspecific 25 binding, which was
subtracted fromthe total binding to quantitative specific [3H -CFT
bound. Bi ndi ng was normal i zed to the protein content of the striatal
menbr anes from each experinental group. Coronal and

16 saggi t Wo kA sections from MPTP and drug treated poryp8dtiobRh S
were stained with anti-tyrosine hydroxyl ase (TH) Ig to quantitate
striatal, nedial forebrain bundl e axon and nigral levels of TH,

which is 5 indicative of functional. dopam ®r gi ¢ neurons.

Figure 5 is a bar graph of | -SREReqthed s f g 2Q0_ker, :
menbrane protein. Figure 5 sifoc\gl‘lvsp t‘%z?t . bneur%nﬁ%%egldh%?i %1‘ Islrt]gzgﬁgétof t he

present invention Prond€ waGHIY aQkydogadi sMecdigyrons fol | owi ng MPTP
10 treatnent of mice in accordance with the procedure . described in

Figure 4. Fi gn{e 6ié Ssel gurad Fremoghapirows doi¥isting of

magni fication, of coronal and saggital brain sections. Figure 6 shows
brain sections from MPTP andehknyg, Fenzydat €¢-Gnéhedsglst aindutamichled
anti-tyrosine h%/dr oxyl ase

.alkyl or alkenyl, and C,-C; straight or
branched alkyl or alkenyl substituted with
phenyl; or pharmaceutically acceptable salts

or hydrates thereof.

Preferred compounds have the following formula:

0—2Z
N
OY\) 0
Ry
10
II
where
R, is a C,;-C, straight or branched chain alkyl
or alkenyl group optiomally substituted with

15 C,-Cy cycloalkyl, C; or C; cycloalkyl, Cs-C,

cycloalkenyl, or Ar,, where said alkyl,
alkenyl, cycloalkyl or cycloalkenyl groups

may be optionally substituted with C,-C,



(TH) Ig to quantitate striatal |evels of TH, which is I ndi cative of
functi onal dopam nergi c neurons. Figure 7 is a photom crograph,
at 50x magni fi cation, of coronal and saggital brain sections. 20
Figure 7 shows brain sections from MPTP and drug treated ani mals

stai ned w t h wotsM4deys osi ne hydr oxyl ase (TH g to quanectrasssosiogr al

| evel s of TH, which is I ndi cative of functional dopam nergic neurons.
Figure 8 is a photom crograph, at 400x 25_.nmagnification, of coronal and
saggital brain sections. Figure 8 shoWs brain sections from MPTP and

drug treated ani mals gig'#,fedcvyict h?ﬂ%é?f)’rd}shﬁ}ﬁrwaoﬁéa\?ﬁere (TR)

lg to quantitate nedial forebtal nbufidl'e axonal

17 level s of TH whiclyisd Rdileakieve £obmf tHE 4R consis@QRENLREr giC
neur ons. DETAI LED DESCRI PTI ON OF THE | NVENTI ON The

novel neurotrophic conpoundsnapthil s 2-megittivdn 25indokyY el Btinddlyisnal |

nol ecules in relation to other
2-furyl, 3-furyl, 2- thiazolyl, 2-thienyl, 3-

5 thienyl, 2-, 3-, or ¢-pyridyl, or phenyl,
having one to three substituents which are
independently selected from the group
consisting of hydrogen, halo, hydroxyl,
nitro, trifluoromethyl, C,-C; straight Qr

10 branched alkyl or alkenyl, C,-C, alkoxy or C;-
C, alkenyloxy, phenoxy, benzyloxy, and amino;

2 is a C,-C¢ straight or branched chain alkyl
or alkenyl, wherein the alk&l chain is
substituted in one or more positioné'with Ar,

15 as defined above, C3-C8 cycloalkyl,
cycloalkyl connected by a C,-C, straight or
unbranched alkyl or alkenyl chain, or Ar,
where Ax, is selected from the group
consisting of 2-indolyl, 3-indolyl, 2-

20 furyl, 3-furyl, 2- thiazolyl, 2-thienyl, 3-
thienyl, 2-, 3-, or 4-pyridyl, or phenyl,
having one to thrée substituents which are
independently gelected from the group
consisting of hydrogen, -halo, hydroxyl,

25 nitro, trifluoromethyl, C,-C, straight or
branched alkyl or alkenyl, C,-C, alkoxy or C,-
C, alkenyloxy, phenoxy, benzyloxy, and amino;

or pharmaceutically acceptable salts or



known conpounds whi ch bind to FKBP-type i munophilins, such as
rapanycin, FK506, and cycl osporin. The neurotrophi c conpounds of
this invention have an affinity for the FK506 binding proteins such as

10 FKBP-12. \Wen the neurotrophic conmpounds of the i nvention are bound
to the FKBP, tWepéhmse been found to unexpectedly inhi Bdrrdagedeo! V! -
peptidyl cis-trans i sonerase activity, or rotamase activity of the

bi ndi ng protein and stimulate neurite qgomﬂh while not 15

exhi bi ti ng an i mmunosuppressant effect. More particularly, this
invention relates to a t&s288epEopEUr Ot rOphi ¢ conpounds
represent ed by the formu ﬁeﬁr

18 wher e P*eferréa ereh]rotrbﬁhﬁc G lr}]cﬁ&rlr brg%‘?onaﬁsél[ ai ght or

branched chain al kyl or alke group-op
substituted with cbmpounds have th@[ebf&uiierr] cycloal kyl, C3 or (Jerr]
cycloal kyl, Cerr]-Cerr]

5 where
R, is a C,-Cq straight or branched chain alkyl
or alkenyl group optionally substituted with
C, to ée cycloalkyl, or Ar,, where Ar, is
_ selected from the.group consisting of 2-
10 furyl, 2-thienyl, or phenyl;
X is selected from the group consisting of
oxygen and sulfur;
Y is oxygen;. and
Z is a straight or branched chain alkyl or
15 ' alkenyl, wherein the alkyl chain is
substitﬁted in one or more positions with Ar;
as defined above, C;-Cs cycloalkyl, Ar, where

Ar, is selected from the group consisting of



cycl oal kenyl, or Ar[err], where said al kyl,

al kenyl ,

cycl oal kyl or cycl oal kenyl groups may be optionally
substituted with CJerr]-C4 al kyl, Cerr]-Cerr] al kenyl,
or hydroxy, and where 10 Ar[err] is selected fromthe group
consi sti ng of wo 9640633 1- napt hyl, 2-napthyl, 2-indol -d.ndol yl ,
2-furyl, 3-furyl, 2- thiazolyl, 2-thienyl, 3- P%&n§%%gn I, 2-,
3-, or 4-pyridyl, or phenyl, having one to three
substituents which are 15 i ndependently selected fromthe
group consipst,i g, obr hydspaefy , NakopnaNgT OXyl ¢4

nitro, trifluoronmethyl, Cerr]-C straig%t or P 9 ! HQV1%ﬁéﬂE%ed

al kyl or al kenyl, (err]-( epor thak&oxybst i tieritis] which ife independeﬁ&ﬁ?r]

al kenyl oxy, phenoxy, benzyl oxy, and am no; 20

i s oxygen,

sul fur, methylene (CH2), or sk2gected from theYgroupscomrypfietimg MNR2, where R2

I's hydrogen or Cerr]- Cerr] alkyl;
is a C2-Cerr] straight or bydneses 2ndi% 8§ lgikoxy.
al kenyl, wherein the alkyl chainis 25

and . Z
or
substituted in one or

nore positions with Arferr] as defined above, C3-Cerr]

cycloalkyl, g The comBbh8d! &¥'cLUMeGbaE:0Y & erdd-derr]

strai ght or

stereoisomeric forms, either enantiomers or

diastereoisomers. The stereochemistry at position 1

(Formula 1) is R or 8, with S preferred. Included

within the scope of the invention are the enantiomers,

10 the racemic form, and diasterecisomeric mixtures.

Enantiomers as well as diastereoisomers can be

separated by methods known to those skilled in the art.

It is known that immunophilins such as FKBP

preferentially recognize peptide substrates containing

15 Xaa-Pro-Yaa motifs, where Xaa and Yaa are lipophilic

amino acid residues. Schreiber et al. 1990 J. Org.

Chem. 55, 4984-4986; Harrison and Stein, 1990

Biochemistry, 29, 3813-3816. Thus modified prolyl

peptidomimetic compounds bearing lipophilic

20 substituents should bind with high affinity to the

hydrophobic core of the FKBP active site and inhibit

its rotamase activity.

Preferred compounds of the present invention

include R; groups which are not stereochemically .bulky

25 in relation to the known shape and size of the

hydrophobic core of the FKBP active site. Thus, very

large and/or highly substituted R, groups would bind -



19 unbranched al kyl or al kenyl chain, or Ar2

where Ar2 is selected fromthe group consi sting of
2-indolyl, 3-indolyl, 2- furyl, 3-furyl, 2- thiazolyl,
2-thienyl, 3- 5 thienyl, 2-, 3-, or 4-pyridyl, or phenyl,
havi ng one to {HyogReasbstituents which are Wﬂﬁmﬁg y
sel ected fromthe gw%ﬂp consi sting of hydrogen, ﬁ@&%i
hydr oxyl , nitro, trifluoronmethyl, Cerr]-Clerr] straight or
10 branched al kyl or al kenyl, C[@#r] Clerr] al koxy or

Clerr]-C4 al kenyl ox phenox %ﬁ y% X gk - am no;
Z may al so be tﬂ%t? Rt Q? 8*¥ne P active gite;ere

Prefer;ed compounds of the invention include:
3-phenyl-1-propyl (2S)-1-(3,3-dimethyl-1,2-
dioxopentyl) -2-pyrrolidinecarboxylate,
.5 3-phenyl-1-prop-2-(E) -enyl (25)-1-(3;3-dimethyl-
1,2-dioxopentyl) -2-pyrrolidinecarboxylate,
3-(3,4,5-trimethoxyphenyl) -1-propyl (28)-1-(3,3-
dimethyl-1,2-dioxopentyl) -2-pyrrolidinecarboxylate,
-(3,4,5-trimethoxyphenyl) -1-prop-2- (E) -enyl (2S)-
10 1-(3,3-dimethyl-1,2-dioxopentyl)-2-pyrrolidine
carboxylate, ' |
3-(4,5-methylenedioxyphenyl) -1-propyl (23)-1-(3,3-
. dimethyl-l,2-dioxopentyl)72-pyrrolidingcarboxylate,
- (4,5-methylenedioxyphenyl) -1-prop-2~ (E) ~enyl
15 (28)-1-(3,3-dimethyl-1,2-dioxopentyl) -2-
pyrrolidinecarboxylate,
. 3-cyclohexyl-1-propyl (2S)-1-(3,3-dimethyl-1,2-
dioxopentyl) -2-pyrrolidinecarboxylate,
3-cyclohexyl-l-prop-Z-fE)-enyl (28)-1-(3,3-
20 dimethyl-1,2-dioxcpentyl)-2-pyrrolidinecarboxylate,
{(1R) -1,3-diphenyl-1-propyl (2S)-1-(3,3-dimethyl-
1,2-dioxopentyl) -2-pyrrolidinecarboxylate,
3-phenyl-1-propyl (28)-1-(1,2-dioxo-2-[2-
furanyll])ethyl-2-pyrrolidinecarboxylate,
25 3-phenyl-1-propyl (28)-1-{1,2-dioxo-2-[2-
thienyl])ethyl-z—pyrrolidihecarboxylate,
3-phenyl-1l-propyl (28)-1-(1,2-dioxo-2-[2-

thiazolyl] )ethyl-2-pyrrolidinecarboxylate,



R3 I's selected fromthe group consisting of straight or

branched al kyl Cerr]-Clerr] optionally substituted with
C3-C[err] cycloalkyl, or Ar[err] as defi ned above, and
unsubstituted Arferr]; 20 X2 is Oor NRerr], where Rerr] is
sel ected fromy 20

group consi sti n(gﬁcl;fossﬁydr ogen, CJerr]-Clerr] straight PCTUSS6/097¢4
branched al kyl and al kenyl ; “Rerr] is selected fromthe group
consi sting of phenyl, benzylzsCerr]-Clerr] straight or
br anched 5 al kyl or alkenyl, and CJerr]-Clerr] straight or
branched al kyl or al keAybhsopdtltpatamyini(2$) -1-(1,2-dioxo-2phenyl; or
pharmaceutically acceptable salts . or hydrates thereof.
Preferred conmpoun®SeRy+eeERELf dr PR NG Faerarioxylate] 10 °

3-(2,5-dimethoxyphenyl) -1-propyl (28)-1-(3,3-
dimethyl-1,2-dioxopentyl) -2-pyrrolidinecarboxylate,

5 3-(2,5-dimethoxyphenyl) -1-prop-2- (E) -enyl (28)-1-
(3,3-dimethyl-1,2-dioxopentyl) -2-pyrrolidine-
carboxylate, |

2-(3,4,5-trimethoxyphenyl) -1-ethyl (28)-1-(3,3-
dimethyl-l,2-dioxopentyl)-2-pyrrolidinecarboxylate,
10 3-(3-Pyridyl) -1-propyl (2S)-1-(3,3-dimethyl-1,2-
dioxopentyl) -2-pyrrolidinecarboxylate,
3-(2-Pyridyl) -1-propyl (28)-1-(3,3-dimethyl-1,2-
' dioxopentyl) -2-pyrrolidinecarboxylate,
3-(4—Pyridyi)-l-propyl (28) -1~ (3,3-dimethyl-1,2-
15 dioxopentyl)—2-pyrroiidinecarboxylate,
3-phenyl-1-propyl (28) -1-(2-cyclohexyl-1,2-
dioxoethyl) -2-pyrrolidinecarboxylate,
3-phenyl-l-propyl (28)-1-(2-tert-butyl-1,2-
dioxoethyl)-2—pyrrolidinecarbo#ylate,
20 3-phenyl-1-propyl (2S)-1-(2-cyclohexylethyl-1,2-
dioxoethyl) ~2-pyrrolidinecarboxylate,
3-(3-pyridyl) -1-propyl (2S)-1-(2-cyclohexylethyl-
1,2-dioxoethyl) -2-pyrrolidinecarboxylate,
3-(3-pyridyl) -1-propyl (2S)-1-(2-tert-butyl-1,2- -
25 dioxcethyl) ~2-pyrrolidinecarboxylate,
3,3-diphenyl-1-propyl (28)-1-(3,3-dimethyl-1,2-
dioxopentyl) -2-pyrrolidinecarboxylate,

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



wher e R err] is a (Jerr]-Clerr] straight or branched chain

al kyl or al kenyl group optionally substituted with 15
C3-C[err] cycloalkyl, C3 or CJerr] cycloalkyl, Cerr]-C7

cycl oal kenyl, or Ar[err], where said al kyl, al kenyl ,

cycl oal kyl or wayssso@kenyl groups may be opt perresdsporor
substituted with Jerr]-C4 21
al kyl, derr]-Cerr] alkenyl, or hydroxy, and where Ar[err]
is selected fromthe group consisting of 26 1- napt hyl ,

2-napt hyl, 2-indolyl, 3-indolyl, ’ 2-furyl, 3-furyl, 2-

t hi azol yl, 2-thi eddiloxogthyk) -2-pyrrolidinecarbeyylate, 3-, or 4-pyridyl, or
phenyl , having, one to three substituents which are

i ndependent |y sel ect ed3f (3nPYRedgtloyypropyl (2S) -N-([2-thienyl]
glyoxyl)pyrrolidinecarboxylate,
3,3-Diphenyl-1-propyl (2S)-1-(3,3-dimethyl-1,2-
5 dioxobutyl)-2-pyrrolidihecarboxylate,
3,3-Diphenyl-1-propyl (28)-1l-cyclohexylglyoxyl-
2-pyrrolidinecarboxylate,
3,3-Diphenyl-1l-propyl (28)-1-(2-thienyl)glyoxyl-
2-pyrrolidinecarboxylate. |
10 Particularly preferred neurotrophic N-giyoxyl
prolyl ester compounds are selected from the group
consisting of:
. 3-(2,5-dimethoxyphenyl) -1-propyl (2S)-i-(3,3-
dimethyl-l,2-dioxopentyl)-2-pyrrolidinecarbo%ylate,
15 : 3—(2,5—dimethoxy§henyl);1-prop-2-{E)-enyl (28) -1-
(3,3—dimeﬁhyl;l,z-dioxopentyl)-2-pyrrolidine-
carboxylate,
2-(3,4,5—trimethcxy§henyl)—l-ethyl {28} -1-(3,3-
dimethyl—l,2-dioxopentyl)-2-py;rolidinecarboxylate,
20 - 3-(3-Pyridyl) -i-propyl (28)-1-(3,3-dimethyl-1,2-
dioxopentyl) -2-pyrrolidinecarboxylate,
3-(2-Pyridyl) -1-propyl (2S)-1~(3,3-dimethyl-1,2-
dioxopentyl) -2-pyrrolidinecarboxylate,
3-(4-Pyridyl) -1-propyl (25)-1-(3,3-dime£hyl-1,2-
25 dioxopentyl)-2-pyrrolidinecarboxylate,
3-phenyl-1-propyl (28)-1-(2-tert-butyl-1,2-
dioxcethyl) -2-pyrrolidinecarboxylate,
3-phényl-14propyl {28) -1-{2-cyclohexylethyl-1, 2-



consi sting of hydrogen, hal o, hydroxyl, nitro,

trifluoromethyl, Cerr]-Cferr] straight or 10 branched al kyl

or alkenyl, Cerr]-Clerr] alkoxy or (err] C4 al kenyl oxy,
phenoxy, benzyl oxy, and am no; Z is a C2-CJerr] straight or
branched chai nwaldsxméssa or al kenyl, wherein thepetis¥deiofaai N 1S
substituted in one or nore positions with Ar[ferr] 15 as

defi ned above, C3-C8 cycl oal kyl, cycl oal kyl connected by a
Cerr]-Cerr] straight or urdr anched al kyl or al kenyl

chain, or Ar2 where Ar2 is selected fromthe group

consi sting of 2-indepxgetiyl)dopyrropidingcarboxylate, - fyry|, 3-furyl, 2-

t hiazolyl, 2-thienyl, 3- , t hi l,. 2-, 3-, or 4-pyridyl, or
pheny! 3- Raprri YR -LoPEAREL CORIstiasrvelaRpenLaveyL”

nydr ogen. hal o, hylr e eserd) 4o %Bhrrolidinecartmat 00N T G err) - o6
strai ght or (3o RE eq_ of, @l kenyl ephtvilersl

al koxy or Clerr]- 3 (? pr&ﬁ?@bcg g%é%%§|g§?fhbﬁ§n§§$% %g%¥§}gk§, and
ami no; 5 dioxocetifylpharpgoeeulidahéyadssoniatll, e salts or

3,3-diphenyl-1-propyl (28)-1-(3,3-dimethyl-1,2-
dioxopentyl) -2-pyxrolidinecarboxylate,
3-(3-pyridyl) -1-propyl (ZS)-l-(2-cycl§hexyl-l,2:
dioxoethyl) -2-pyrrolidinecarboxylate,
10 3-(3-Pyridyl) -1-propyl (2$)-N—([2-thienyl]
glyoxyl) pyrrolidinecarboxylate,
3,3-Diphenyl-1l-propyl (ZS)-1-(3,3-dimethyl-1,2;
dioxobutyl) -2-pyrrolidinecarboxylate,
3,3-Diphenyl-1-propyl (ZS)-1-cyclohexylgiyoxyl-
15 2-pyrrolidinecarboxylate, and
3,3-Diphenyl-1-propyl (2S)-1-(2-thienyl)glyoxyl-

2-pyrrolidinecarboxylate.

The compounds of the present invention can be used

in the form of salts derived from inorganic or organic

20 acids and bases. Included among such acid salts are
the following: acetate, adipate, aléinate, aspartate,
benzoate, benzenesulfonate, bisulfate butyrate,
citrate, camphorate, camphorsulfonaté,
cyciopentanepropionate, digluconate, dodecylsulfate,

25 ethanesulfonate, fumarate, glucoheptanocate,
glycerocphosphate, hemissulfate heptanocate, hexanoate,

hydrochloride, hydrobromide, hydroiodide, 2-



22 hydr at es t hereof. Preferred neurotrophic

N- gl yoxyl prolyl ester conpounds have the formula: [err] .

5 where : Rl err] is a (Jerr]-Clerr] straight or branched chain
al kyl or al kenyl group optionally substituted with

C3 to Clerr] cwolosabdsyl , or Ar[err], where Arf[err] is PCT/US96/09701

sel ected fromthe group consisting of 2- 10 furyl, 2-thienyl,
or phenyl; - X is selected fromthe group consisting of _
oxygen and sul fur; Y is oxygen, asd Z is a straight
or branched chain aIle or 15 al kenyl, wherein the alkyl chain
i s hydroxyethanesulfonate, lactate, maleate,

methanesulfonate, 2-naphthalensulfonate, nicotinate,
oxalate, pamoate, éectinate, propionate, succinate,
tartrate, thiocyanéte, tosylate and undecanoate. Base
5 salts include ammonium salts, alkali metal salts such
as sodium and potassium salts, alkaline earth metal
salts such as'calcium and magnesium salts, salt with
organic bases such as dicyclohexylamine salts, N-
methyl-D-glucamine, and salts with amino acids such as

10 arginine, lysine, and so forth. Also, the basic
nitrogen-containing groups can be quarternized with
such agents as lower alkyl halides, such as methyl,
ethyl, propyl,- and butyl chloride, .bromides and’
iodidés; diaikyl sulfates.like dimethyl, diethyl,

15 dibutyl and diamyl sulfates, long chain halides such as
‘decyl, lauryl, myristyl and stearyl chlorides, bromides
and iodides, aralkyl halides like benzyl and phenethyl
bromides and others. Water or oil-soluble or
dispersible products are thereby obtained.

20 The neurotrophic compounds of this invention can
be periodically administered to a patient undergoing
treatment for.neurological disorders or for other
reasons in which it is desirable to stimulate neudronal
regeneration and growth, such as in various peripheral

25 neuropathic and neurqlogical disorders relating to
neurodegeneration. The compounds of this invention can
also be administered to mammals other than humans for

treatment of various mammalian neurological disorders.



substituted in one or nore positions with Ar[err] as defined

above, Cerr]-Cerr] cycloal kyl, Ar2 where Ar2 is selected
fromthe group consisting of 23
2-, 3-, or 4-pyridyl, or phenyl, having one to three
substituents wook4mse | ndependentl|y sel ecte

group consi sting of hydr ogen and C[err]-CIerf%&éﬁg@&§f

5 The conpounds of this invention exist as st ereoi soneric forns,
ei ther enantioners or di ast er eoi soners28 The stereochenistry at

position 1 (Formula 1) is Ror S wth S preferred. Included
within the scope of thggﬁnéﬁﬁ?}oﬁp@ﬁ?yqqﬁaqgn&ﬁ?iBﬁﬁ?%?t Yventieon acerni c

di ast er ooi somer o EaReRs thBLBLEdS T FopRERnBtE RUbheAtD RATSESSRRI  od | n
LngZIghtially reg§5%}%§ngggt d%ggi g#%%?gggég%?Z?g?%%FEQBFﬁggg-Pro-Yaa
motifs, where XaaaagdvYey 2&e€uséPOPNid ithe stimulation of damaged
S neurons, the promotion of neuronal regeneration, the

prevention of neurodegeneration, and in the treatment

of several neurological disorders known to be

associated with neuronal degeneration and peripheral

neuropathies. The neurological disorders that may be

10 treated include but are not limited to: ﬁrigeminal
neuralgia, glossopharyngeal neuralgia, Bell’s Palsy,

- myasthenia gravis, muscular dystrophy, amyotrophic
lateral sclerosis, progressive'muscular atrophy,
progressive bulbar inherited muscular atrophy,

15  herniated, ruptured or prolapsed inveftabrae disk
syndromes, cervical spondylosis, plexus disorders,
thoracic outlet destruﬁtion syndromes, peripheral
neuropathic such as those caused by lead, dapsone,
ticks, prophyria, or Gullain-Barré syndrome,

20 Alzheimer’'s disease, and Parkinson’s disease.

For these purposes the compounds of the present
invention may be administered orally, parenterally, by
inhalation spray, topically, rectally, nasally, -

. buccally, vaginally or via an implanted reservoir in

25 dosage formulations containing conventional non-toxic
pharmaceutically-acceptable carriers, adjuvants and
vehicles. The term parenteral as used herein includes

subcutaneous, intravenous, intramuscular,



am no acid residues. Schreiber et al. 1990 J. Og. Chem 55,

4984-4986; Harrison and Stein, 1990 Bi ochem stry, 29, 3813-3816. Thus
nodi fied prolyl pepti dom netic conpounds bearing lipophilic 20
substituents should bind with high affinity to the hydr ophobi c core of
t he FKBP acti weodbsgsand i nhi bit its rotamase actiVity.permusosootor
Preferred conpounds of the present invention I ncl ude R err] groups

whi ch are not stereochemcally bulky 25 gorelatlon to the known shape
and size of the hydr ophobi ¢ core of the FKBP active site. Thus, very

| arge and/or hi ghlé@g‘%&a&uﬁsgﬁﬂe Kiéﬂtﬁ%lw ﬁn@f%mrm&axflg”ed

24 with | ess Ity to P active sit

conpounds of the 'Q&%%%t@&nhmChﬁdeintracranlal 3npeetydn loPrBB¥sion
(2S)-1-(3, 3-di net hyl - di oxopentyl)-2-pyrrolidinecarboxylate, 5

3- phenyl - 1- pr op- 2- (é@hﬁﬂ%ﬂbsﬁZS) 1- (3, 3-di net hyl -
1, 2-di oxopentyl)-2-pyrrolidinecarboxyl at e,

3-(3, 4,5-trinet hoxyphermyp peleffepyive 2S)erbpeltically: as central nervous
di met hyl - 1, 2-di oxopentyl)-2-pyrrolidinecarboxyl ate,

5 system targets the immunophilin- drug complex should
readily penetrate the blood- braln barrier when
peripherally administered. Compounds of this invention
which cannot penetrate tpg blood-brain barfier can be
effectively administered by an intraventricglar route.

10 The pharmaceutical compositions may be in the form
of a sterile injectable preparation, for example aé a
sterile injectable aqueocus or oleaginous suspension.
This suspension may be formulated according to
techniques know in the art using suitable dispersing or

15 wetting agents and suspending agents. The sterile
injectable preparation may also be a sterile injectable
solution or suspension in a non-toxic parenterally-
acceptable diluent or solvent, for example as a
solution in 1,3-butanediol.. Among the acceptable

20 vehicles and solvents that may be employed are water,
Ringer’s solution and isotonic sodium chloride-
solution. In addition, sterile, fixed oils are
conventionally employed as a solvent or suspending
medium. For this purpose any bland fixed oil may be

25 employed including synthetic mono- or diglycerides.
Fatty acids such as oleic acid and its glyceride

derivatives find use in the preparation of injectables,

olive o0il or castor oil, especially in their



3-(3,4,5-trinmethoxyphenyl)-1-prop-2-(E)-enyl (2S)- 10

1- (3, 3-dinethyl -1, 2-di oxopentyl)-2-pyrrolidine car boxyl at e,

3- (4, 5- met hyl enedi oxyphenyl ) - 1-propyl (2S)-1-(3, 3-

di met hyl - 1, 2- di oxopentyl ) -2-pyrrolidi necarboxyl ate,
3-(4,5-nethy|@Wﬁdnmmgphenyl)-1-prop-2-(E)-enyI 15 PCT/US96/09701
(2S)-1-(3, 3-di net hyl -1, 2-di oxopentyl) - 2- pyrrolidi necar boxyl ate,
3-cycl ohexyl - 1- propyl (2S)-1-(3, 3-dinethyl-1, 2-

di oxopentyl)-2-pyrrolidinecarboxyl ate, 31 3-cycl ohexyl - 1- prop- 2-

E)- | (2S)-1-
i et Iyl -1, 2 di oxBpLRPST SRR EAFHEEA boTyPaR o1t solutions ox

(1R) -1, 3-di phenyl E&sgggg%’é,%{ ﬁn%/ar]ab(s% ot A8hNY! 1ong- cha:g.n alc P°1 or opy|

1, 2- di oxopentyl ) - rFo oxyl ate,

(28) 1- (1, 2-di ox0g214&ntr or dj%#gygghh)ethyl 2- pyrrolldlnecarboxylate
3- phenyl 1- propyl (28) 1- (1, 2-di oxo-2-(2- t hi enyl ]

et hyl - pyrrol|d|necarbngy&dﬁpbunds may be admpibstydreld Rpralil in the
(2S)-1-(1, 2-di oxo-2-[ 2- t hi azol yl']) et hyl - 2- pyrrolidi necarboxyl at e,
5 form of capsules or tablets, for example, or as an
agueous suspension or solution. .In the case of tablets
for oral use, carriers which are commonly used include
lactose and corn starch. .Lubricating agents, such as
- magnesium stearate, are also typically added. For oral

10 administration in a capsule form, useful diluents
include lactose and dried corn starch. When agqueous
suspensions are required for oral use, the active
ingredient is combined with emulsifying and suspending
agents. If desired, certain sweetening and/oxr

15 flavoring and/or coloring agents may be added.

" The compounds of this invention may also be
administered in the form of suppositories for rectal
administration of the drug. These compositions cén be
prepared by mixing the drug with a suitable non-

20 irritating excipient which is solid at room temperature
but liquid at rectal temperature and thergfore will
melt in the rectum to release the drug. Such materials
include cocoa butter, beeswax and polyethylene glycols.

The compounds of this invention may also be

25 administered optically, 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

25



25 3- phenyl - 1-propyl (2S)-1-(1, 2-di oxo- 2-

phenyl ) et hyl - 2- pyrrol i di necar boxyl at e,

3- (2, 5-di met hoxyphenyl ) -1-propyl (2S)-1-(3, 3-

di met hyl - 1, 2- di oxopentyl ) -2-pyrrolidi necarboxyl at e, 5

3- (2, 5-di met howppbreosys ) - 1- prop- 2- (E) -enyl  (295)-1- PCT/US96/09701
(3, 3-di nethyl -1, 2-di oxopentyl ) -2-pyrrolidine- car boxyl ate
2-(3,4,5-trinmethoxyphenyl)-1-ethyl (2S)-1-(3,3-

di met hyl'- 1, 2- dioxopentyl) 2- pyrrolidinecarb%%ylate 10

glgioggaésrg)zlps 'dlﬁgéﬁgﬁéx§l%égégﬂ:h%ul%a%le 5°?§c$% ﬁ?ﬁﬂ?}aElﬁﬁﬁpyl
(29)-1- (3, 3-di net hyls % %Sé}y pf%bgﬁgantygkcg §¥r5§§ég|£§§ﬂgboxylate

3-(4-Pyridyl)-1-propy hyl
di oxopentyl)-2-pyrroli @b&eSﬁwHamﬂi Qse, the compoun®Peiyd Lk Propyl

(2S)-1-(2-cycl ohexyl - di oxoet hyl ) - 2- pyrrolldlnecar oxyl at e,
3- phenyl - 1- propy|fb&ﬁhiitéa Lermibréndzell duspensions in isotonic, pH
di oxoet hyl ) -2-pyrrolidi necarboxyl ate, 20 3- phenyl - 1- pr opyl

(2S) - 1- (2- cycl Bhexdjesheld- grexrile sakﬁn@xoerhypreﬁepgblyu|ah recathexyl ate,
3-(3-pyridyl)-1-propyl éZS 1-(2-c cIohexerthX
1, 2- di oxoet hyl ) - 24§y LE6 PBF-ﬁecH’iI shed sterile salingg. Spbiedy Wi-chi-r opy|

(29)-1-(2-tert- bu%&khou% a preservative such as benzylalkonium chloride.
Alternatively for the ophthalmic uses the ccmpounds may
be formulated in an ointment such as petrolatum.

10 - For abplication topically to the skin, the.
compounds can be formulated in a suitable ointment
containing the compound suspended or dissolved in, for
example, a mixture with one or more of the following:

. mineral oil, liquid petrolatum, white petrolatﬁm,

15 propylene glycol, polyoxgethylene'polyoxypropylene
compound, emulsifying wax and water. Alternatively, -
the compounds can be formulated in a suitable lotion or
cream containing the active compound suspended or
dissolved in, for example, a mixture of one or more of

20 the following: mineral oil, sorbitan monostearate,
polysorbate 60, cetyl esters wax, cetearyl alcohol, 2-
octyldodecanol, benzyl alcohol and water.

Topical application for the lower intestinal® tract
an be effected in a recﬁal suppository formulation (see

25 above) or in a suitable enema formulatiomn.

Dosage levels on the order of about .lmg to abouﬁ
10,000 mg. of the active.ingredient compound are useful

in the treatment of the above conditions, with



25 di oxoet hyl)-2-pyrrolidinecarbocyl ate, 3, 3-di phenyl - 1- pr opyl
(28) 1-(3,3-dinethyl -1, 2- di oxopentyl)-2-pyrrolidi necarboxyl at e,
(3 pyridyl)-1-propyl (2S)-1-(2-cyclohexyl-1, 2-
di oxoet hyl ) - 2- pyrrol i di necar boxyl at e,

3- (3 Pyri dyl ) wio swaoag! (2S)-N-([2-thienyl] gl yoxyl) PCT/USS6/09701
pyrrolidi necar boxyl ate, 3, 3- D phenyl - 1- pr opyl
(2S)-1-(3,3-dinethyl-1, 2- 5 di oxobutyl)-2-pyrrolidinecarboxyl ate,
3, 3-Di phenyl - 1- propyl (2S)-1- cyclohexylglyaﬁyl

2- [ i di
(22§lrr10(|2 {E?gﬁ;%g%@ %id levels °f %Po Pdd)ne% rogy!L 04 mg. The

Particularly prefgrhgg @ﬁuae&&@ehaﬁg%&iamxehat maypf:8| YomEEAES WiQEpounds
are selected fromthe group consisting o :

3-(2,5- dlnEthoxyxﬁﬁﬁndékrle&rQﬁiér1é2§»td-éﬁbdﬁce a single dosage form
di met hyl -1, 2- di oxopentyl ) -2-pyrrolidi necar boxyl ate, %5
3- (2, 5- di net hoxy pinlly lvery- deppndifg) upoy | the 28stltreated and the
5 particular mode of administration.
It is understood, however, that a specific dose
levél for any particular patient will depend upon a
variety of factors including the activity of the
specific compound employed, the age, body weight,

10 general health, sex, diet, time of administration, rate
of excretion, drug combination, and the severity of the
particular disease being treated and form of
administration.

The compounds can be administered with other

15 neurotrophic agents such as neurotrophic growth factor
(NGF), glial derived growth factor, brain derived
growth factor, ciliary neurotrophic factor, and
neuroctropin-3. The dosage level of other neurotrxophic
drugs will depend upon the factors previously stated

20 and the neurotrophic effectiveness of the drug
combination.

K, Test _Procedure
Inhibition of the peptidyl-prolyl isomerase’ -
(rotamase) activity of the inventive compounds can be

25 evaluated by known methods described in the literature
(Harding, M.W. et al. Nature 341: 758-760 (1989); Holt
et al. J. Am. Chem. Soc. 115: 9923-9938). These values

are obtained as apparent K,’s and are presented in



(3, 3-di net hyl -1, 2-di oxopentyl)-2-pyrrolidine- car boxyl at e,
2-(3,4,5-trimethoxyphenyl)-1-ethyl (2S)-1-(3, 3-

di met hyl - 1, 2- di oxopentyl ) -2-pyrrolidi necarboxylate, 20 3-(3-Pyridyl)
-1-propyl (2S)-1-(3,3-dinmethyl-1, 2-

di oxopentyl ) - 2vRydgis@éadsdi necar boxyl ate, 3-(2-Pyri dyk)ﬁ,ﬂ%—%{og_}ayl
(2S)-1-(3, 3-di net hyl -1, 2- di oxopentyl)-2-pyrrolidinecar xyF )
3-(4-Pyridyl)-1-propyl (2S)-1-(3,3-dinmethyl-1,2- 25 di oxopentyl)
-2-pyrrolidi necar boxyl at e, 3- phenyﬁ‘kl propyl

(2S5)-1-(2-tert-butyl -1, 2- dj oxoet h rrolidinecarboxyl ate,
3- phenyl - 1- pr opyl %gg}ell(zT@ﬁ%m Pmiggzatz.on of an alanine-

3 (3-pyriayl)- 1. pr B eSO (A & B %%exyﬁﬁﬁﬁr?te' N-supcinyl-Blazhlat) -2

- pyrrolidi necar box t _ PYLI opyl
(2S)-1-(2-tert-but %#8 553 pfltcfogﬁilg’tlﬁ% )XE g%é)rtréﬁelﬁdl necar boxyl at e,

3, 3-di phenyl - 1- pro@%écég hét&ﬁéé%ﬂ@dﬂ&&hlh & éhymotrypsin-coupled assay,
di oxopentyl)-2-pyrrolidi necarboxyl at e,

5 which re;gases para-nitroanilide from the trans form of
the substrate. The inhibition pf this reaction caused
by the addition of different concentrations of
inhibitor is determined, and the data is analyzed as a
change in first-order rate constant as a function of

10 inhibitor concentration to yield the apparent K;
| values.

In a plastic cuvette are added 950 mL'pf ice cold
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

15 mM dithiothreitol), 25 mlL of chymotrypsin (50 mg/ml in
1 mM HCl) and 10 mlL of test compound at various
concentrations in dimethyl sulfoxide. The reaction is
initiated by the addition cf 5 mL of substrate
(succinyl-Ala-Phe-Pro-Phe-para-nitroanilide, 5 mg/mL in

20 2.35 mM LiCl in trifluorocethanol).

The absorbance at 390 nm versus time is monitored
for 950 sec using a speqt;ophotometer and the rate
constants are determined from the absorbance versus
time data files.

25 The data for these experiments is presented- in

Table I.



3-(3-pyridyl)-1-propyl (2S)-1-(2-cyclohexyl-1, 2-
di oxoet hyl ) -2-pyrrolidi necarboxylate, 10
(2S)-N-([2-thienyl] gl yoxyl ) pyrrolidi necar boxyl at e,

3, 3-Di phenyl - 1- propyl (2S)-1-(3, 3-di nethyl -1, 2- di oxobut yl)
-2-pyrrolidi 85%&&8 yl at e, 3, 3- D phenyl - 1- pr opy| PCERE§96/09701
-1-cycl ohexyl'gl’yoxyl - |5 2-pyrrolidi necarboxyl ate, and

3, 3-Di phenyl - 1-propyl (2S) -1- (2-thienyl)gl yoxyl -

2- pyrrolidi necarboxyl at e. Th_e3 onpounds of the present

I nvention can be used in the form gt l4¢s derived frominorganic or

3-(3-Pyridyl)-1-propyl

organic 20 acids and bases. Included anong such acid salts are t he
foll owi ng: acetate, adipate, alginate, aspartate, benzoat e,

benzenesul fonate, bisulfate butyrate, citBate, canphor at e,

canphor sul fonat e, cycl opent anepr oRi g7 ad~g] uconat e, dodecyl sul fate,
25 et hanesul fonate, funmarate, gl ucohept oatle, gl ycer ophosphat e,

hem ssul f at e hept anoat e, hexanoatefl\

Y@ ochl oride, hydrobromn de,
hydr oi odi de, 2- 0

Rl

No. R R 14
~di 1 3-phenylpropyl 42
1 %,1 dimethylpropy 3-ghenyl-prop-2- 125
> 2 (E) ~enyl .
" 3-(3,4,5-tri-
3 methoxyphenyl) propyl 200
" 3-(3,4,5-trimethoxy-
* phenyl)-prop-z-(E)-enyl 65
10 " 3- (4, 5-methylenedioxy)
s phenylpropyl . 170
" 3- (4, 5-methylenedioxy)
¢ phenylprop—z-(E)-enyl 160
= 15 7 " 3-cyclohexylpropyl 200
8 " 3-cyclohexylprop-2- (E) ~ c00
enyl
I n (2R) -1, 3~diphenyl-1- 52
9 propy? 4000
20 10 2-furanyl 3-phenylpropyl 40
11 . 2-thienyl " 100
12 z-thiizolyl . 1970
13 pheny. .
~-di opyl 3-(2,5~dimethoxy)
25 14. 1,1-dimethylpropy.  eayipropyl 250
u 3- (2, 5-dimethoxy)
e phenylprop-z-(E)-enyl 450
" 2-(3,4,S5-trimethoxy 0
18 phenyl) ethyl 12
u 3- (3-pyxridyl)propyl 595
30 18 3- (2-pyridyl)propyl 1
ig " 3- (4-pyridyl)propyl 82 23
20 cyclochexyl 3~phenylpropyl 82
32 tert-gytyi thyl ; 1025
clohexyle
33 gg :gcioheﬁglethyl 3-(3-pyridyl)propyi ;400
24 tert-butyl 3-(3-pyridy})prop{ . s
25 1,1-dimethylpropy1 3,§-dzpheny gropy s
2s cyclohexyl 3—(3—pyr1dyl)pgg?{) . 1000
40 27 2-thienyl 3-(3-pyridyl)propy 5
28 tert-butyl 3, 3-diphenylpropyl . -
29 cyclohexyl * . 150
30 2-thienyl )



28 hydr oxyet hanesul fonate, |actate, nual eate, met hanesul f onat e,

2- napht - hal ensul fonate, nicotinate, oxal ate, panpate, pectinate,
propi onate, succinate, tartrate, thiocyanate, tosylate and
undecanoat e. Base 5 salts include anmonium salts, alkali netal salts
such as wodemessand potassiumsalts, alkaline earth net T,Us%/wmsal ts
such as cal cium and magnesium salts, salt with organi ¢ bases such as
di cycl ohexyl am ne salts, N met hyl - D- gl ucam ne, and salts with am no
acids such as 10 arginine, lysine, and so3forth. Also, the basic

ni trogen-containin roups can _he ua ern|z=d w th such agents as
Iomergalkyl halldeg ° dUﬁ q && HRR1L2 ﬁFHEQPxeﬁnHlERHQMe

ietnyl ‘1’%‘)”‘5?33%3‘?9%%1 atflﬁoﬁﬁo‘%%ﬁrg't Bty GRARD w Tie Saetotae
decyl, lauryl, téé%&t@@d(nﬁ} ary'xtcag%éﬁfafnogrt%@tdggeaﬁau xS Q%{Agtegr

ar al kyl halldes | enzyl phenet hyl romd

or oil-soluble or composhdPIHidHie RhOEHELISN Qil%atéé%lb%m‘.egbf'ﬁ! -?%

The neurotrophic conpounds of this inventiron can be peri odi cé

adm ni stered t® a patsentompledegoicagsing the emildnin thanAsur € Qﬁdb%e

di sorders or for other reasons in which it is desirable to stinulate
neur onal "leaky" (Cameron et al., 1995). Calcium fluxes are

involved in neurite extensions so that the IP,R
receptér and the ryanodine receptor might be invoived
in the neurotrophic effects of drugs. Since the drugs
10 Dbind to the same site as fKBP—lZ as the IP,R receptor,
one could assume that the drugs displace the channels

from FKBP-12.

Chick Dorsal Root Ganglionl
Cultures and Neurite OCutgrowth

15 Dorsal root ganglia were dissected from chick
embryos of ten day gestation. Whole ganglion explants
were cultured on thin layer Matrigel-coated 12 well
plates with Liebovitz L15 plus high glucose media
supplemented with 2mM glutamihe and 10% fetal calf

20 serum, and also containing 10 gM cytosine B-D
arabinofuranoside (Ara C) at 37°C in an environment
containing 5% CO,. Twenty-four hours later, the DRGs
were treated with various concentrations of nerve
growth factor, immunophilin ligands or combinations of

25 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



regeneration and growth, such as in various peripheral 25 neuropathic and

neur ol ogi cal disorders relating to neur odegener ati on. The conpounds of
this invention can al so be administered to mammual s ot her than humans
for treatment of various manmal i an neurol ogi cal disorders.

29 Theo saogds conpounds of the present invention ar ?'cgfussvs/og%txe”t
inhibitors of rotamase activity and possess an excel | ent "degreé of
neurotrophic activity. This activity is_useful in the stimulation of
damaged 5 neurons, the pronotion of neur ohal regeneration, the
prevention of neurqdegeneration, and indthe Lt eat ment of several

neur ol ogi cal di sor #PEIRRPWETD TESr AN, IEEELEE AW IR S (Shal

degenerati on and p%iagg%g&?%o %mt%%atl%gﬁrmg?%%%q%ﬂgiﬁ@m g:esrorders

that may be 10 treat nclude but are not rgem

neural'gi a, gl ossophRarkngsahtdte iR tiRRl,| witRats¥al numbd® 3% BEQRtes |
gravis, nuscul ar dystrophy, anyotrophic | ateral sclerosis, progressive

muscul ar atrophy, quantptagedsssyedul kaperihentabdeondoticar. atmmeplyto 15
herni at ed, ruptured or prol apsed invertabrae disk
5 four DRGs are cultured per well, and each treatment was
performed in duplicate.
The data for these experiments are presented in
Table II. Representative photomicrographs for Example

17 are shown in Figure 1; a dose i'espons'e curve for

10 this Example is given in Figure 2.

TABLE TIT
Neurite Outgrowth in Chick DRG
Example No. EDg,, neurite outgrowth, nM
1 53
15 2 105
3 : 149
4 190
5 10
6 75
20 10 0.46
11 0.015
14 2
15 0.8
16 0.015
25 17 0.05
18 30
19 6
20 0.13
21 ) 0.025
30 22 ) 0.66
23 1100
24 0.014
25 0.50
26 2
35 27 500
28 0.50
. 29 10
30 100

Sciatic Nerve Axotomy

40 Six-week old male Sprague-Dawley rats were



syndrones, cervical spondylosis, plexus disorders, t horacic outl et
destruction syndrones, peripheral neur opat hi ¢ such as those caused by
| ead, dapsone, ticks, prophyria, or Qullain-Barre syndrone, 20

Al zhei nmer' s di sease, and Parki nson's di sease. For these purposes

t he conpounds ygf gglalids Pr €SENt invention may be adm ni st g&Efsdtostol Y-
parenterally, by I nhal ation spray, topically, rectally, nasally, -

buccal ly, vaginally or via an inplanted reservoir in 25 dosage
formul ati ons contai ni ng conventi onal non-toxsac

pharmaceutical |l y-acceptabl e carriers, adjuvants and vehicl es. The term
parenteral as usednketaenized) wmist the scodalsdgt asrve ssxporead\aedous,

i ntramnuscul ar, . 30

i ntraperitoneal | ycrusheds hataths 1evalr ffekhei BiParby forceps.ntlesst ernal and
intracranial injection or infusion To be

t echni, ques.
ef fective ther apeGOFPRURES 85 YMTlE Weksy 1gl§t%9%4éﬂ¥¥aﬁﬁéﬁ§u§ﬁ¥

| munophi 11 n-dr ug CoMPL2% N0 the 1051 dhlsY aBENF 18 Tald 21 204RG" 4"

5 days. Sections of the sciatic nerve were stained with
Holmes silver stain .to quantify the number of axons,
and Luxol fast blue to quantify the level of
myelination. Eighteen days after lesion, there was a
significant decrease in the number of axons (50%

10 decrease as compared to non-lesioned control) and
degree of myelination (90% decrease as compared to non-
lesioned control) in animal treated with vehiclé.

Administration of Example 1 (30 mg/kg s.c.), just
prior to the lesion and daily for 18 days following the

15 lesion, resulted in significant regeneration of both
axon number (5% decrease as compared to non-lesioned
contrél) and the degree of ﬁyelination (50% decrease as
compared to control) as compared to vehicle treated
animals. Thé significant efficacy of Example 1 is

20 consisteﬁt with its potent activity in inhibiting
rotamase activity and stimulatiﬁg neurite outgrowth in
chick DRGs. These results are shown in Figure 3. “Sham”
d;notes control animals that received vehicle but’ were
not lesioned; “Vehicle” denotes animals that were

25 lesioned and received only wvehicle (i.e., no drug).
Example 1 showed a striking similarity to the sham
treated animals, demonstrating the powerful

neuroregenerative effects of these compounds in wvivo.



peri pherally adm ni stered. Conpounds of this invention whi ch cannot

penetrate the bl ood-brain barrier can be effectively adm ni stered by
an intraventricular route. 10 The pharnaceutical conpositions nay be
in the form of a sterile injectable preparation, for exanple as a
steril e injectvdbsqogsgueous or ol eagi nous suspensi on. Thy I on
may be fornmul ated according to t echni ques know in the 2#?“%%%%@QF

sui tabl e dispersing or 15 wetting agents and suspendi ng agents. The
sterile i njectabl e preparation nay al sé2be a sterile injectable
solution or suspension.n a non-toxic parenterally- accept abl e di |l uent
or solvent, for eX@RtdvEsig 2 c°'“%‘€iﬂifi%??~q 51 18265E %R AN EXRRQ t he

acceptable 20 vehicl.es _and solvents_ that . be _enpl oyed are water,
Ri nger's soIution5§%§%1§850n§81@%g?Lﬁﬁ?ﬁh?ﬁﬁ%&g% tgggsS%ﬂ@?Yﬂﬁ g&Fextded on
sterile, fixed oils,_a : _ ifggﬁl l; a sql vent .
suspendi ng e Fh%?hﬁg%et ?gggﬁéposgc%%§F%P%ﬁéfgfxé%ﬁ%ﬁ%£%ﬁ%/ﬁ£gh 25
enpl oyed i ncl udi nghay Rel@biregBRESat e PG bB8Erved wifit r@ﬁ'ed%_ such
as oleic acid and its glyceride derivatives find use Int
preparation of5i njpednabkitsectly cahsed by liter imhsbotiohl of Gxpaizal |y in
their )

Quantitation for these data are shown in Table III.

Table III
Treatment Axon Numberx Myelin Level
(¥ Control) .

10 ° Sham ' 100 100

Lesion:

+ Vehicle (s.c.) 50 10

+ Example 1 100 ' S0

(30 mg/
15 kg s.c.)

+ Inactive 25 25

(30 mg/kg s.c.)

MPTP Model of Parkinson’s Disease in Mice
MPTP lesioning of dbpaminergic neurons in mice was
20 © used as an animal model of Parkinson’'s Disease. Four
week old male CD1 white mice were dosed i.p. with 30
mg/kg of MPTP for 5 days. Example 17(10-40 mg/kg), or
vehicle, were administered s.c. along with the MPTP for
_ 5 days, as well as for an additional 5 days following
25 cessation of MPTP Ereatment. At 18 days following MPTP
treatment, the animals were sacrificed and the st;iata
were dissected and homogenized. Binding of [3H]CFT, a
radioligand for the dopamine transporter, to the .
stiatal membranes was done to quantitate the level of
30 the dopamine transporter (DAT) following lesion and

drug treatment. Immunostaining was performed on



31 pol yoxyet hyl at ed versions. These oil sol utions or suspensi ons
may al so contain a |ong-chain al cohol di l uent or dispersant.

The conpounds may be administered orally in the 5 formof capsules or
tablets, for exanple, or as an aqueous suspension or solution. In the
case of tabletg,,gea6f0r Oral use, carriers which are comonly.used.tnclude
| act ose and corn starch. Lubricating agents, such as magnesi um
stearate, are also typically added. For oral 10 admnistration in a
capsule form useful diluents i ncl ude lectose and dried corn starch.
When aqueous suspensions are required for oral use, the active

i ngredi ent i s conbisagdibal hamdnterdnalngrain sechbems ising angdenysoside
desired, certain sweetening and/or 15 flavoring, and/ or_coloring agents

may be added. hydoxy¥agse cEper) fEnGA LRR P sSTRUETR+ FRhEECavVEsYhe
adm nistered in the form of sugﬁgsitori%s for rgctal admi nistration of
the drug. These coRFB3PERBREICALHRPNS. I RRINRET YEAHISH W HEh¥PTP i th a

suitable non- 20 _irritatin XCl i ent Lch kS | r t.enperature
but Iiquid at rect§Fh98%ﬁer3?ﬁ®%&§%g%%%eﬁg %r%kmf?é%éfgﬁgﬁnéq%ghﬁngggl$ectun1
to release the grug., Suph) DBLeri Ghserved asNebHESre@00R it 1isicRegswax and
pol yet hyl ene gl ycol's. . .

animals. lLesioned animals receiving Example 17 showed a
nearly quantitative recovery of TH-stained dopaminergic
neurons.
Figﬁres 4 and 5 show the quantitation in DAT
10 levels, whereas figures 6-8 are photomicrographs
showing the regenerative effects of Example 17 in this
model. Figure 4 demonstrates the significant recovery
in functional dopaminergic terminals, as assayed by
[3H] -CFT binding, relative.to animals receiving MPTP
15 but not the Guilford compounds. Figure 5 gives this
data in bar graph form. It is shown that animals
receiving 40 mg/kg of Example 17 in addition to MPTP
manifested a . .greater than 90% recovery of [3H]-CFT
binding. As shown in Figures 6-8, immunostaining for
20 tyrosine hydroxylase (a marker of viable dopaminergic
neurons) in the striatum, the nigra, and the medial
forebrain bundle, shows a clear and marked recovery of
functional neurons in animals that received Example 17,
as compared to animals that received lesioning agent
25 but no drug (MPTP/Vehicle).
The following examples are illustrative of
preferred embodiments of the invention and are not.to

be construed as limiting the invention thereto. 2all



The conpounds of this invention may al so be 25 admnistered optically,
especi ally when the conditions addressed for treatnent involve areas
or organs readily accessi ble by topical application, including
neur ol ogi cal disorders of the eye, the skin, or the

32 | ower gobsEakisnal tract. Suitable topical fornulati O%ﬁ $96/09701€
readily prepared tor each of these areas. For ophthal' m ¢ use,

t he conpounds can be formul ated as mcroni zed suspensions in isotonic,
pH 5 adjusted sterile saline, or, preferaﬁ}y, as sol utions [

'S
sotom . pH ol usted Ston! LSl g si N Wlbulon coatibog 8,

preservative such B¢ or i ernatively

ophthal m c uses the GEReHES ggylimiti%% i b ghedoh el A Moy such as

petrolatum 10 r-applircation toepically to the skin, th
conpounds can be fQiPHeat fdlbBuBas kird BNt QGirkl AL averadd®MidlidthilGiA he

conpound suspended or dissolved in, for exanple, a mxture with one or
nmore of the foll owdights. Ablnpeatemidged iapsi bapedroth athenpeddrr by
petrolatum 15 propyl ene glycol, folyoxyethylene pol yoxypropyl ene
5 weight of the final delivery system or formulation
preparsd unless otherwise indicated and all totals
equal 100% by weight. -
EXAMPLES
The inventive compounds may be prepared by a.

10 variety of synthetic sequences that utilize established
chemical transformations. The general pathway to the
present compounds is described in Scheme 1. N4
glyoxylproline derivatives may be prepared by reacting-.
L-proline methyl ester with methyl oxalyl chlofide as

15 shown in Scheme I. The resulting oxamates may be
reacted with a variety of carbon nucleophiles to obtain
intermediates compounds. These intermediates are then
reacted with a variety of alcochols, amides, or

protected amino acid residues to obtain the propyl

20 esters and amides of the invention.



conpound, emul sifying wax and water. Alternatively, t he conpounds can

be formulated in a suitable lotion or cream containing the active

conmpound suspended or di ssolved in, for exanple, a m xture of one or

nore of 20 the following: mneral oil, sorbitan m)nostearate

pol ysorbate 6@ dRbiss esters wax, cetearyl alcohol, 2- p?ﬁ&é@sﬂ%?cam'

benzyl al cohol and water. Topi cal appli cat | on for e

i ntestinal tract an be effected in a rectal suppository formnulation

(see 25 above) or in a suitable enema for4al ation. Dosage

| evel s on the order of about .1ng to about 10, 000 ng. of the active

I ngredi ent conpound are usef ul in t$SbemSE ment of the above

conditions, with 33

preferred I evel s of about 0.1ng,to about 1,000 ng. The anount of

active ingredient that may be gpnbined wth ~ the carrier materials to
. CC~ .

produce a single dosage form c’%w Pl vary dependi ng upon the host treated

and t he 5 particul ar_ node of a@gm ni strety on. RuerrMckt 1S understood,
however, that a specﬂg dose > K, co, R

NE O =CCH, g
| u#ga .

CCH,

[—)Y (BY =
CCH, CH : >
MeQH/ HEO N Caugling methad

c~4”\a a;f}§qé
A

H
Y—Z
N
a
a g

EXAMPLE 1
Synthesis of 3-phenyl-1-propyl (25)-1-(3,3-dimethyl-
1,2-dioxopentyl) -2-pyrrolidinecarboxylate (Example 1).
5 Synthesis of methyl (28)-1-(1,2-dioxo-2-
methoxyethyl) -2-pyrrolidinecarboxylate.
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 (3.92 g;
10 38.74 mmol; 2.1 eq). After stirring the formed slurry

‘under a nitrogen atmosphere for 15 min, a solutidén of

methyl oxalyl chloride (3.20 g; 26.12 mmol) in

methylene chloride (45 mL) was added dropwise. The

resulting mixture was stirred at 0°C for 1.5 hr. After
15 filtering to remove solids, the organic phase was

washed with water, dried over MgSO, and concentrated.



| evel for any particular patient will depend upon a variety of factors
I ncl uding the activity of the speci fi c conpound enpl oyed, the age,
body weight, 10 general health, sex, diet, time of adm nistration, rate
of excretion, drug conbination, and the severity of the - particul ar

di sease bei ng woesoass and f or m of adm ni stration. PCT/USOME0
conpounds can be adm nistered with other 15 neurotrophic agents such as
neur ot rophi ¢ growt h factor (NGF), glial derived growmh factor, brain
derived growth factor, ciliary neurot#dphic factor, and

neur otropi n-3. The_dosa | evel, .of ot her neurotrophic, _. drugs will
depend upon the fact% evPadrs %ﬁ%ﬂ&ﬂfléifd SRd 2t Rélhedrdrt opriumn,

ef fectiveness of t I . l,nat i on. . . Klerr]
Test Procedure difueddd VﬁﬁFbF??g%&%‘?l tahéegtpaetﬁt Loy PEERBR | £9 ShRaidse -
(rotamase) activit EpVgat RN a . D £Vgl.uat ed by
known net hods desc?%l'iét?:adqt ihgst Ees?i%%fature e %( %grggf'ﬁ%,oﬁvﬁ:'@%%e.
Nature 341: 758- 7k (ci¥B%kankObhide rotfferd; ddtaAFbrChEhs S0 amklo:

9923-9938). These val ues are obtained as apparent Klerr]'s and are
presented in .5 given. 'H NMR (CDCl;): 4 .1.93 (dm, 2H); 2.17 (m, 2H);
3.62 (m, 2H); 3.71 (s, 3H); 3.79, 3.84 ( s, 3H total);
4.86 (dd, 1H, J = 8.4, 3.3).
Synthesis of methyl (2S)-1-(1,2-dioxo-3,3-
dimethylpentyl)72-pyrrolidinécarboxylate.

10 A solution of methyl (2S8)-1-(1,2-dicxo-2-
methoxyethyl) -2-pyrrolidinecarboxylate (2.35 g; 10.90
mmol) in 30 mL of tetrahydrofuran (THF) was cooled to
~-78°C and treated wiEh 14.2 mL of a 1:0 M éclution of
1,1-dimethylpropylmagnesium chloride in THF. After

15 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

20 obtained upon removal of the solwvent was purified on a
silica gel column, eluting with 25% ethyl acetate in
hexane, to 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 (ém, 2H); 1.87-2.10 (m, 3H);

25 2.23 (m, 1H); 3.54 (m, 2H); 3.76 (s, 3H); 4.52 (dm, 1H,

'J = 8.4, 3.4).
Synthesis of (28)-1-(1,2-dioxo-3,3-

dimethylpentyl)-2-pyrrolfdinecarboxylic acid.



34 Table I. The cis-trans isonerization of an al ani ne- proline
bond in a nodel substrate, N-succinyl-Al a-Al a- Pr o- Phe-p-nitroanilide,
i s nmonitored spectrophotonetrically in a chynotrypsin-coupl ed assay,

5 which rel eases para-nitroanilide fromthe trans form of t he
substrate. The wokédme3s on of this reaction caused by thg,cq.ﬂgg%dgx(‘m of

di fferent concentrations of inhibitor is determned, and the data is
anal yzed as a change in first-order rate constant as a function of 10
i nhibitor concentration to yield the apparensgsK[err] val ues.

In a plastic cuvette are added 950 _nlL of ice cold assay buffer (25 nmM
HEPES, pH 7.8, 100 mvl N&CRixtygenpf methyl HRSP-£2 (K, Aviiiexa-B. A Tris-d pH

i in 3 mvHasFbvaRgnty it SR ety U 3 8.1
conentrat1ons | n nganlys RULGH 165 o) WSACHLEMARSL (s0 ) a0 DY the
(succi nyl - Al a-Phe- 6 Ragy Bar 8o #4000 kifleand 40/ dHlodl Lerllralyde MM Li O

in trifluoroethanol absorbance at 390 nmversus Tine is

moni t or ed BOr SRr$AGhUS| PHeamsRESEd GRIROLHEE 8l edNEb e ¥ 35i8Y 1 N
constants are determned fromthe absorbance versus
HCl, diluted with water, and extracted into 100 ml, of
méthylene chloride. The organic extract was washed with
brine and concentrated to deliver 1.73 g (87%) of snow-
white solid which did not require further purification.

10 *H NMR (CDCl,): 4 0.87 (t, 3H); 1.22, 1.25 (s, 3H
each); 1.77 (dm, 2H); 2.02 (m, 2H); 2.17 (m, 1H); 2.25
(m, 1H); 3.53 (dd, 2H, J = 10.4, 7.3); 4.55 (dd, 1K, J
= 8.6, 4.1). | ' '

Synthesis of 3-phenyl-l-propyl (2S)-1-(3,3-

15 dimethyl-l{z—dioxépentyl)-2-pyrrolidinecarboxylate
(Example 1). A mixture of (28)-1-(1,2-dioxo-3,3-
dimethylpentyl) -2-pyrrolidine~-carboxylic acid (600 mg;
2.49 mmel), 3-phenyl-l-propancl (508 mg; 3.73 mﬁol),
dicyclohexylcarbodiimide (822 mg; 3.98 mmol) ,

20 camphorsulphonic acid (190 mg;.o.s mmol) and 4-
dimethylaminopyridine (100 mg; 0.8 mmol) in methylene
chloride (20 mL) was stirred overnight under a nitrogen
atmosphere. The reaction mixture was filtered through
Celite to remove solids and concentrated in vacuo, and

25 the crude material was purified on a flash columm  (25%
ethyl acetate in hexane) to obtain 720 mg (80%) of
Example 1 as a colorless oil. *H NMR (CDCl;}: 4 0.84

(t, 3H); 1.19 (s, 3H); 1.23 (s, 3H); 1.70 (dm, 2H);



time data files. 25 The data for these experinments is presented

Table I. 35
Table | [err] No. R 1 1, 1- di net hyl pr opy!|
3- phenyl pr opyl 42 5 2 " )
3- phenyl - pr opw@oeseeas . 125 rcr/iSsnsy |
3 "3-(3,4,5-tri-
met hoxyphenyl ) pr opyl 200 4 "
3-(3,4,5-trinethoxy- 10 45
phenyl) - prop-2-(E)-enyl 65 5
3- (4, 5-net hyl enedhQ®¥) (m, 5H) 14.22 (m, 1H); 2.64 (m, 2H); 3.47 (m, 2H);
phenyl propyl 6 3- (4,5-nmet hyl enedi oxy)
phenyl prop-2- (E) - éngk (dAp®RH}IS5 4.524 (4, 1H); 7.16 (m, 3H); 7.26 (m, 2H).
3-cyel ohexyl propyl 200 - 8
3-cycl ohexyl prop-2-(E) - enyl
600 The method of Example 1 was utilized to prepare
the following illustrative examples:
5 Example 2: 3-phenyl-i-prop-2-(E)-enyl (28)-1-(3,3-
dimethyl-1,2~-dioxopentyl) -2-pyrrolidinecarboxylate,
80%, H NMR (360 Mhz, CDCl,): 4 0.86 (t, 3H); 1.21 (s,
3H); 1.25 (s, 3H); 1.54-2.10 (m, S5H); 2.10-2.37 (m,
1H); 3.52-3.55 {(m, 2H); 4.56 (dd, 1H, J = 3.8, 8.9);
10 4.78-4.83 (m, 2H); 6.27 (m, 1H); 6.67 (dd, 1H, J =
15.9); 7.13-7:50 (m, SH)..
Example 3: 3-(3,4,5-trimethoxyphenyl)-1-propyl (2S)-1-
(3,3-dimethyl-1,2-dioxopentyl) -2-pyrrolidine-
carboxylate, 61%, H NMR (CDCl,}: d 0.84 (t, 3H); 1.15
15 (s, 3H); 1.24 (s, 3H); 1.713 (dm, 2H); 1.98 {(m, S5H);
2.24 (m, 1H); 2.63 (m, 2H); 3.51 (t, 2H); 3.79 (s, 3H);

3.83 (s, 3H); 4.14 (m, 2H); 4.52 (m, 1H); 6.36 (s, 2H).

Example 4: 3-(3,4,5-trimethoxyphenyl) -1-prop-2-(E) -enyl
(28) -1-(3,3-dimethyl-1,2-dioxopentyl) -2-pyrrolidine

20 carboxylate, 66%, H NMR (CDCl,): 4 0.85 (t, 3H}; 1.22
(s, 3H); 1.25 (s, 3H); 1.50-2.11 (m, SH); 2.11-2.40 (m,
1H); 3.55 (m, 2H); 3.85 (s, 3H); 3.88 (s, 6H); 4.56
{dd, 1H); 4.81 (m, 2H); 6.22 (m, 1H); 6.58 (d, 1H, J =
16); 6.63 (s, 2H). _

25 Example 5: 3-(4,5-methylenedioxyphenyl)-1-propyl (2S)-

l-(3,3-dimechyL-1,2-dioxopenty1)-z-pyrrolidine—-



9 " (1R) -1, 3-di phenyl - 1-

pr opyl 52 20 10 2-furanyl

3- phenyl pr opyol 4000 11 2-t hi enyl

92 12 2-t hi azolyl 100

13 phenyl  wo 96140633 - 1 14.

|, 1- di net hyl propyl 3-(2, 5-di net hoxy) 25 ¥eLussensnor
phenyl pr opyl 250 15 "

3- (2, 5-di met hoxy) : 46 phenyl prop- 2- (E) - enyl
450 16 2-(3,4,5-trinmethoxy

phenyl) et hyl carboxylate, 825, 3(H NMy (360" MHz, CDCl;): & 0.86

3-(3-pyridyl) propyl 5 18 3-
(ZEpyIPiydyl glpl)fgpyf)y(t,BH); @2 (s, 3H)4gl.25+(s, 3H); 1.60-2.10 (m, S5H);

3-(4-pyridyl]propy a ycl ohexyl
3- phenyl propyl 3.36-3.73 ("“8§§)' 4'532i81'f5£t9bﬁt Pg' 8.6); 4.61-

95 35 22 cygl ghexyl VI & " . . 5
23 cycl ohexyl et h§r99 @((? Vr g P $Pepdt) ¢ 610 (miy3Ey; 6.57 (8% 17,

tert-butyl 5 3 L3s0y!igylgiprepy "1H, T3 8.0); 62

1, 1-di nel t hyl propyl 53?35%?5%enylp?oé$f 1 ‘% 8-0; 5653 é?%16ﬁ%x§ﬁ
3-(3-pyridyl)propye 1.3, 8.0}; 6.93 18001H). 40 27 2-t hienyl
3-(3-pyridyl) pr Oyl 1000 28 tert-butyl

3, 3-di phenyl pr opyl Example 6: 3-(2,5-methylenediguyiphieayy) -1-prop-2- (E) -

20 30 2-thienyl . ' ' 150
36 I n nBRYAI i 53813, 3rkipetby koA Wiexorerhyihe2-  inositol

5 bl eved t hat ¢ REFREL SUIAPERT Lt B EH o AME (19 By Ctoh: @
di sassoci at es JfkB=42gEr @M a1p ; 4hese (conphexes Lausi ngyi he, cal ci um channel
to becone "Ieaﬁy"@?kaneron et a%.??%99§§. Cal ¢i Um f | Uxes ‘are (i
SH) ;. 2.10-2.39 (m, 1H}; 3.36-3.79 (m, 2H); 4.53 (dd,
1H, J = 3.8, 8.6); 4.61-4.89 {(m, 2H); 5.96 (s, 2H);-
6€.10 (m, 1H); 6.57 (dd, 1H, T = 6.2, 15.8); 6.75 (4,
18, J = 8.0); 6.83 (dd, 1H, J = 1.3, 8.0); 6.93 (s,
15 1H).
Example 8: 3-cyclohexyl-i-prop-2-(E)-enyl (28) -1-(3,3-
dimethyl-1,2-dioxopentyl) -2-pyrrolidinecarboxylate,
92%, 'H NMR (360 MHz, CDCl,): d 0.86 (t, 3H); 1.13-1.40
(m + 2 singlets, 9H total); 1.50-1.87 (m, 8H); 1.87-
20 2.44 (m, 6H); 3.34-3.82 (m, 2H); 4.40-4.76 (m, 3H);
5.35-5.60 (m,. 1H); 5.60-5.82 (dd, 1H, J = 6.5, 16).
Example 9: (1R)-1,3-Diphenyl-l-propyl (2S)-1-(3,3-
dimethyl-l,2-dioxopentyl)-2-pyrrolidinecarboxylété,
90%, 'H NMR (360 MHz, CDCl,): 4 0.85 (t, 3H); 1.20 (s,
25 3H); 1.23 (s, 3H); 1.49-2.39 (m, 7H); 2.46-2.86 (m,
2H) ; 3.25-3.80 (m, 2H); 4.42-4.82 (m, 1H); 5.82 (td,
1H, J = 1.8, 6.7); 7.05-7.21 (m, 3H); 7.21-7.46 (m,

7H) .



I nvolved in neurite extensions so that the |IP3R receptor and the

ryanodi ne receptor m ght be involved i n the neurotrophic effects of
drugs. Since the drugs 10 bind to the sane site as FKBP-12 as the | P3R
receptor, one could assune that the drugs displace the channels

from FKBP- 12. wo 96/40633 Chi ck Dorsal Root Gangl i ONperusssasror
Cultures and Neurite Qutgrowmth 15 Dorsal root ganglia were dissected
from chi ck enbryos of ten day gestatlon Whol e ganglion explants

were cultured on thin |ayer Matrigel -coated 475 wel | plates with

Li eb L15 pl us,hj
and 10 fetal oal Fpiedal i BBy oo ST Mot dlane ™
[err]-D arab'ﬂﬁ?éﬂﬁ&’?‘??hﬂ?ﬂﬁf?yﬂoﬁdﬁﬁﬁr‘% £0c8N 9 “?Inﬁﬁﬂ

containing 5% CQ2. T out | ater, the were treated with

various ConcentraI(3UU5MF& nepee,) : d 10e@wh ahaghoren) mainephid i Byl i gapds or
conbi nations of 25 NFG pI us drugs Forty-eight hours after drug

treatnment, the garls)ag Bers Vmsual) zes.2mdew, @PHAse4.61 (Mpnixasts oyg Hof f man
Modul ation contrast with a Zeiss Axi overt inverted m croscope.
Phot omi cr ogr apBs ofm,t H&); 7.16-7.29 (m, 5H); 7.73 (m, 2H).

Example 11: 3-phenyl-l-propyl (28)-1-(1,2-diox&-2-[2-
thienyl])ethyl-z-pyrrolidinecarbox?late, él%, H NMR
(300 MHz, CDCl,): d 1.88-2.41 (m, 6H); 2.72 (dm, 2H);
3.72 (m, 2H); 4.05 (m, 1H); 4.22 (m, 1H); 4.64 (m, 1H);
10 7.13-7.29 (m, 6H); 7.75 (dm, 1H); 8.05 (m, 1H). |
Example 13: 3-phenyl-l-propyl (28)-1-(1,2-dioxo-2-
phenyl) ethyl-2-pyrrolidinecarboxylate, 99%, H NMR (300
MHz, CDCl;): & 1.97-2.32 (m, 6H); 2.74 (t, 2H, J =
7.5); 3.57 (m, 2H); 4.24 (m, 2H); 4.67 (m, 1H); 6.95-
15 7.28 (m, 5H); 7.51-7.64 (m, 3H); 8.03-8.09 {(m, 2H).
Example 14: 3-(2,5-dimethoxyphenyl)-l1-propyl (28)-1-
(3,3-dimethyl-1,2-dioxopentyl) -2-pyrrolidine-
carboxylate, 99%, H NMR (300 MHz, CDCl,): & 0.87 (t,
3H); 1.22 (s, 3H); 1.26 (é,.3H); 1.69 (m, 2H); 1.96 (m,
20 5H); 2.24 (m, 1H); 2.68 (m, 2H); 3.55 (m, 2H); 3.75 (s,
- 3H); 3.77 (s, 3H); 4.17 (m, 2H); 4.53 (d, 1H); 6.72 (m,
3H) . |
Example 15: 3-(2,5-dimethoxyphenyl) -1-prop-2-(E) ~enyl
(28)-1-(3,3-dimethyl-1, 2-dioxopentyl) -2-pyrrolidine-
25 carboxylate, 59%, 'H NMR (300 MHz, CDCl;}: 4 0.87. (t,
3H); 1.22 (s, 3H); 1.26 (s, 3H); 1.67 (m, 2H); 1.78 (m,
1H); 2.07 (m, 2H); 2.26 (m, 1H); 3.52 (m, 2H); 3.78 (s,

3H); 3.80 (s, 3H); 4.54 (m, 1H); 4.81 {(m, 2H); 6.29



37 explants were nade, and neurite outgrowth was guanti t at ed.

Neurites | onger than the DRG di aneter were counted as positive, with
total nunber of neurites guantitated per each experinental condition.
Three to 5 four DRGs are cultured per well, and each treatnent was
perfornmed in dyeloksate- The data for these exper i riithssod
presented in Table Il. Representative photom crographs for Exanple
17 are shown in Figure 1; a dose response curve for 10 this Exanple is
given in Figure 2. 48 TABLE 11

Neurite Qutgrow h in_Chj kPRG_ _Exa ED[err], neurite
outgrow h, nM (qe. iﬁ' - 15'9)'Eé'g§ ?%Ppgﬂ. 105

3 e 163 2- -tri .12

10 6 Ex&ééﬁv 16ﬂ52263,%05 trlmethoxyﬁﬁgﬂyl) 6 ﬁ%hyl (aﬁ)-l_
0.015 14 th fal 2-didxopentyl) -2- 1 - 16

0 015 25 17 (3,3-dimethy 385 RE: vl) pyrro 181§e30 19

6 20 carboxyle:e13 97%, 2 NMR (300 MHz, cpclf- 035 8034221:

0. 66 23 1100 24

5 3H); 1.15 (s, 3H); 1.24 (s, 3H); 1.71 (dm, 2H), 1.98
(m, SH); 2.24 (m, 1H); 2.63 (m, 2H); 3.51 (t, 2H); 3.79
(s, 3H); 3.83 (s, 3H); 4.14 (m, 2H); 4.52 (m, 1H); 6.36
(s, 2H). _
.Example 17: 3-(3-Pyridyl)-1-propyl (2S)-1-(3,3-

10 dimethyl-l,2—dioxopentyl)-2-pyrrolidinecarboxylate,
80%, H NMR {(CDCl,, 300 MHz): 4 0.85 (t, 3H); 1.23,
1.26 (s, 3H each); 1.63-1.89 (m, 2H); 1.90-2.30 (m,
4H); 2.30-2.50 (m, 1H); 2.72 (t, 2H}; 3.53 (m, 2H);
4.19 (m, 2H); 4.53 (m, 1H); 7.22 (m, 1H); 7.53 (44,

15 1H); 8.45.

Example 18: 3- (2-Pyridyl)-1-propyl (28)-1-(3,3-
dimethyl-1,2-dioxopentyl) -2-pyrrolidinecarboxylate,
88%, *H NMR (CDC13, 300 MHz): 4 0.84 (t, 3H); 1.22,
1.27 (s, 3H each); 1.68-2.32 (m, 8H); 2.88 (t, 2H, J =

20 7.5); 3.52 (m, 2H); 4.20 {m, 2H); 4.51 (m, 1H); 7.09-
7.19 {(m, 2H); 7.59 (m, 1H); 8.53 (d, 1H, JT = 4.9).
-Bxample 19: 3-{4-Pyridyl)-l-propyl (és)-1-(3,3-
dimethyl-1,2-dioxopentyl) -2-pyrrolidinecarboxylate,
91%, H NMR (CDCl,, 300 MHz): d 6.92-6.80 (m, 4H); 6.28

25 (m, 1H); 5.25 (d, 1H, J = 5.7); 4.12 (m, 1H); 4.08 (s,
3H); 3.79 (s, 3H); 3.30 (m, 2H); 2.33 (m, 1H); 1.85-
1.22 (m, 7H); 1.25 (s, 3H); 1.23 (s, 3H); 0.89 {(t, 3H,

J = 7.9).
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25 0. 50 26 2 35 27

500 28 0.50 29 10 30

100 Sci atic Nerve Axotony 40 Si x-week ol d
mal e Sprague-Dawl ey rats were

anest heti zed, wassf/péy8 sciatic nerve exposed and crushegc.g@g%pogﬁul evel
of the hip, by-forceps. Test conpounds or vehicle were adm ni stered

subcut aneousl y

5 days.

Sections of the sciatic nerve weret$tai ned with

just prior to the lesion and daily for the follow ng 18

stain to quantify the nunber of axons, and Luxol fast blue to

quantify the | eveExample 20m3tpharYlod-PEPEHLe4AS Hads (Zfqwalahexydnl, Bhere
si gni fi_cant decgea%e i n_the number of_axons (50% 10 decrease
eER¥Y) ¢ Lidigecarbogglates 1%y eli MRion (90%

was a

as conpared to nof+PES

RYTTY

Hol nes sil ver

d - lLesi | ke Lyl d with
hicre. o SO Y A o el 10 ooy gte 3 fec

vehi cl e.

10

15

20

25

12H); 2.69 )t, 2H, J = 7.5); 3.15 (dm, 1H); 3.68 (m,
2H); 4.16 (m, 2H); 4.53, 4.84 (d, 1H total); 7.19 (m,
3H); 7.29 (m, 2H).

Example 21: 3-phenyl-l-propyl (2S)-1-(2-tert-butyl-1,2-
dioxoethyl) -2-pyrrolidinecarboxylate, 92%, H NMR
(cpcl,, 300 MHz): & 1.29 (s, 9H); 1.94-2.03 (m, S5H);
2.21 (m, 1H); 2.69 (m, 2H); 3.50-3.52 (m, 2H); 4.16 (m,
2H); 4.53 (m, 1H); 7.19 (m, 3H); 7.30 (m, 2H).

Example 22: 3-phenyl-l-propyl (2S)-1-(2-cyclohexyl-
ethyl-1,2-dioxoethyl) -2-pyrrelidinecarboxylate, 97%, *H
NMR (CDCl,, 300 MHz): d 0:88 {m, 2H); 1.16 {(m, 4H);
1.43-1.51 (m, 2H); 1.67 (m, 5H); 1.94-2.01 (m, 6H);
2.66-2.87 (m, 4H); 3.62-3.77 (m, 2H); 4.15 (m, 2H);
4.86 (m, 1H); 7.17-7.32 (m, 5H).

Example 23: 3-(3-pyridyl)-l-propyl (2S)-1-(2-cyclo-
hexylethyl-1,2-dioxcethyl) -2-pyrrolidinecarboxylate,
70%, H NMR (CDCl,, 300 MHz): 4 0.87 (m, 2H); 1.16 (m,
4H); 1.49 (m, 2H); 1.68 (m, 4H); 1.95-2.32 (m, 7H);
2.71 fm, 2H); 2.85 (m, 2H); 3.63-3.78 (m, 2H); 4.19 (m,
2H); 5.30 (m, 1H); 7.23 (m, 1H); 7.53 (m, 1H); 8.46 (m,
2H) .

Example 24: 3-(3-pyridyl)-l-propyl (28)-1-(2-tert-
butyl-1,2-dioxoethyl) -2-pyrrolidinecarboxylate, 83%, H
NMR (CDC1,, 300 MHz): d 1.29 (s, 9H); 1.95-2.04 (m,

5H); 2.31 (m, 1H); 2.72 (t, 2, J = 7.5); 3.52 (m, 2H);



prior to the lesion and daily for 18 days following the 15 | esion,

resulted in significant regeneration of both axon nunber (5% decrease
as conpared to non-| esioned control) and the degree of nyelination
(50% decrease as conpared to control) as conpared to vehicle treated
animal's. The siggigfimgant efficacy of Exanple 1 is 20 consistent with its
potent activity in inhibiting rotamase activity and sti rRATASP4Ry701
neurite outgrowh in chick DRGs. These results are shown in Figure 3.
" Shant denotes control animals that recggved vehicle but were not

| esi oned; "Vehicle" denotes aninmals that were 25 |esioned and received
only vehicle (i.e.,4an® daygpH); 4.5ExanplE)]; shaeed.ass(kj kimg; si.gsl qmity

to the sham treated animals, denonstrating the powerful
neur or egener ati ve efHlacts 46f (mhe&B) conpounds in vivo.
39 I nactive is a conpound that is inactive as an FKBP12

i nhi bitor. Ani mal s Bxaawpled 2®i:t B 8 hdtpkemplodn®repydntiP8y-1- (3, 3-Hiimethyl -
vehicle-treated | esioned ani mal s, consistent. with

t he
neur or egener at i ve e ATLoXgReBE VLY~ i R 1AM Recarboxy Ity %K PR aused
by its inhibitign of JKBPICy vuzy: a 0.85 (¢, 3m); 1.21, 1.26 (s, 3H

each); 1.68-2.04 (m, 5H); 2.31 (m, 1H); 2.40 (m, 2H) ;
3.51 (m, 2H); 4.08 (m, 3H); 4:52 (m, 1H); 7.18-7.31 (m,
10H) . '

Example 26: 3-(3-pyridyl)-1-propyl (2S)-1-(2-cyclo-

10 hexyl-1,2-dioxoethyl)-2-pyrrolidinecarboxylate, 88%, 'H
NMR (CDCl,, 300 MHz): d 1.24-1.28 (m, 5H); 1.88-2.35
(m, 11H); 2.72 (t, 2H, J = 7.5); 3.00-3.33 (dm, 1H);
3.69 (m, 2H); 4.19 (m, 2H); 4.55 (m, 1H); 7.20-7.24 (m,
1H); 7.53 (m, 1H); 8.47 (m, 2H).

15 Example 27: 3-(3-Pyxridyl)-l-propyl (2S)-N-([2-thienyl]
glyoxyl) pyrrolidinecarboxylate, 49%, H NMR (CDCl,, 300
MHz): 4 1.81~-2.39 (m, 6H); 2.72 (dm, 2H); 3.73 (m, 2H);
4.21 (m, 2H); 4.95 (m, 1H); 7.19 {(m, 2H); 7.61 (m, 1H);
7.80 (d, 1H); 8.04 (d, 1H); 8.46 (m, 2H).

20 Example 28: 3,3-Diphenyl-l-propyl (25)-1-(3,3-dimethyl-
1,2-dioxobutyl) -2-pyrrolidinecarboxylate, 99%, H NMR
(CDCLl,, 300 MHz): d 1.27 (s, 9H); 1.96 (m, 2H); 2.44
(m, 4H); 3.49 (m, 1H); 3.64 (m, 1H); 4.08 (m, 4H); 4.53
(da, 1H); 7.24 (m, 10H).

25 Example 29: -3,3-Dipheny1—1-propyl (28) -1-cyclohexyl
glyoxyl-2-pyrrolidinecarboxylate, 91%, 'H NMR (CDCl,,
300 MHz): d 1.32 {(m, 6H); 1.54-2.41 (m, 10H); 3.20

(dm, 1H); 3.69 (m, 2H); 4.12 {(m, 4H); 4.52 (d, 1H);



Quantitation for these data are shown in Table I11.

Table 11 Tr eat nent Axon Nunber Myel in Level

(% Control) 10 Sham 100 100 Lesi on:
+ Vehicle (s.c.) 50 10 + Example 1 100

50 (30 ng/ S.C.) + I nactive 25 25
(30 ng/kg s.c. %96/%933 MPTP Mbdel of Parkinson's Di sead& W LY
MPTP | esi oni ng of dopam nergic neurons in mce was 20 used as an ani nal
nodel of Parkinson's Disease. Four week5old male CD1 white mice were
dosed i.p. with 30 ng/ kg of MPTP for 5 days. Exanple 17(10-40 ng/kg),
or vehi cl e, wér-@8admint8¥kr ed s c. along with the MPTP f or 5

days, as well as for an_additional cessatlon of MPTP .

dar}/sl fo_I | ow E
treatnent. At 18 day@mPeel 8F ndr :I\/Fﬁ"ﬁphe Y @XORE Mt (Z‘F)nel al? et ienidy

o e e iyr%r 2a3-perrd PSR SRS aBRS APT oot R i B Td' "o o
sti at al nenbranes }%ﬁ oo nét? gugpt hﬁatﬁ-l)t he |2%VQIH OﬁH) 302 ttpﬁe a‘L )

transporter (DAT) esi on and tf eat nent nos dl ni ng
was performed 0§ 3,70 (m, 2H); 3.82-4.18 (m, 3H total); 4.64 (m, 1H);

7.25 {m, 11H); 7.76 (dd, 1H); 8.03 (m, 1H).

The fequis;te substituted alcohols may be prepared
by a number of methods known to those skilled in the
art of organic synthesis. As described in Scheme II,

10 alkyl or aryl aldehydes may be homologated to phenyl
propanols by reaction with methyl
(triphenylphosphoranylidene)acetate to provide a
variety of trans-cinnamates; these latter may be
reduced to the saturated alcohols by reaction with

15 excess lithium aluminum hydride, or sequentially by
reduction of the double bond by catalytic hydrogenation
and reduction of the saturated ester by appropriate
reducing agents. Altermatively, the trans-cinnamates
may be reduced to (E)-allylic #lcohols by the use of

20 diisocbutylaluminum hydrid:e.

Lithium aluminum

PhgP=CHCOOCH; hydride

RCHO — R A AC0OCH R /\/\GH
. THF
Ha. Lihi C 4
Diisabutylaluminum Pd/C hyd :?é‘: ::f:mmum .
hydride .

Oiisobutylaluminum
hydride

&~ ' COacH
H’”\\//\\UH Rz’\\,f 3

Scheme ITI



40 saggi tal and coronal brain sections using anti-tyrosine

hydoxyl ase Ig to quantitate survival and recovery of dopam nergic
neurons. In animals treated with MPTP and vehicle, a substantial |oss
of functional dopaminergic 5 termnals was observed as conpared to
non-| esi oned woogabkssel S. Lesioned animals receiving Exanple 17 shomed a

nearly quantitative recovery of TH stai ned dopam nergic PCIAPY a0
Figures 4 and 5 show the quantitation in DAT 10 |evels, whereas figures
6- 8 are phot om crographs show ng the rééeneratlve effects of Exanpl e

17 in this nodel ure e siraf es th n|f|c nt recovery
in functional dopani ner]g?r%et erc%ag"grgﬁc?ﬁo ERREE eg’ eparea?:#;ﬁ_ CFT bi ndi ng,
relative to ani mal g, ﬁé&g& i M@TE ;;llgng<pqﬁ_ g Qradf QL compounds.

Figure 5 gives this . ta in bar graph orn1 'S S mn that aninmals

receiving 40 ng/ kQAPEeJEi‘a?dWe@.B/”thEs@dQl&ékﬁfHésoanrTBe r?%wn | figsted a

greater than 90% recovery of bi ndi ng n “Fi gur es
6-8, i mmunost ai ni Nngodwdrsizh ofythei 86riysiontings gheaylBédelc Und/ HARME -

dopam nergic neurons) in the striatum the nigra, and the nedral
5 acids, and phenethyl and higher alcohols.

General procedure for the synthesis of acrylic
esters, exemplified for methyl (3,3,5-trimethoxy)-
trans-cinnamate:

A solution of 3,4,5-trimethoxybenzaldehyde (5.0 g;

10 25.48 mmol} and methyl (triphenyl-
phosphoranylidene)acet;te (10.0 g; 29.91 mmol) in
tetrahydrofuran (250 mL) was refluxed overnight. After
cocling, the reaction mix;ure was diluted with 200 mi
of ethyl acetate and washed with 2 x 200 mL of water,

15 dried, and concentrated in vacuo. The crude residue.was
chromatographed on a-silica gel column, eluting with
25% ethyl acetate in hexane, to obtain 5.63 g (88%) of
the cinnamate as a white crystalline solid, H NMR (300
Mhz; CDCl,;): d 3.78 (s, 3H); 3.85 (s, 6H); 6.32 (d,

20 1H, J = 16); 6.72 (s, 2H); 7.59 (d, 1H, J = 16).

General procedure for the synthesis of saturated
alcohols from acrylic esters. Exemplified for (3,4,5-
trimethoxy)'phenylprépanol.

A solution of methyl (3,3,5-trimethoxy)-trans-.

25 cinnamate (1.81 g; 7.17 mmol).in tetrahydrofuran (30
ml) was added in a dropwise manner to a solution of
lithium aluminum hydride (14 mmol) iﬁ THF (35 mL), with

stirring and under an argon atmosphere. After the



forebrain bundle, shows a clear and marked recovery of functional
neurons in animals that received Exanple 17, as conpared to aninals
that received | esioning agent 25 but no drug (MPTP/ Vehicle).

The follow ng exanples are illustrative of preferred enbodi nents of

the invention wheyaks Not to be construed as Ilmtlngt i on
thereto. All ’ JFH¢%¥@$§

enbodi ments of the invention and are not to be construed as I|n1t|ng
the invention thereto. All pol ymer nolsgcul ar wei ghts are nean aver age
nmol ecul ar wei ghts. Al percentages are based on the percent by 5

wei ght of the finaidditiotensssysimpieoe, f oheuhiatiwre was hemepdred wsHcess

ot herwi se indicated and all totals equal 100% by wei ght.

EXAMPLES £ahet i hourst i Mt@mgghmgna:yu e o rayemchgdbyy athd 0

variety of synthetic sequences that _utilize establ | shed chem cal
transformations. TERY raddigdamef £8 Theot 2N NRQIS SalleyRobyidBo i kL

by Tt ng o "SE fiadlr. The %eysuixlggoru,géuéﬂeeuavsat Terld e REofgs P o

5 Celite to remove solids, and the filter cake was washed
with ethyl acetate. The éombined organic fractions were
washed with water, dried, concentrated in vacuo, and
purified on a silica gel column, eluting with ethyl
acetate to obtain 0.86 g (53%) of the alcohol as a

10 clear oil, H NMR (300 Mhz; CDCl;}): 4 1.23 ({(br, 1H);
1.87 (m, 2H); 2.61 (t, 2H, I = 7.1); 3.66 (t, 2H); 3.80
(s, 3H); 3.83 (s, 6H); 6.40 (s, 2H).

General procedure for the synthesis of trans-
allylic alecohols from acrylic esters. Exemplified for

15 {3,4,5-trimethoxy) phenylprop-2- (E) -enol.

A solution of methyl (3,3,5-trimethoxy) -trans-
cinnamate (1.35 g; 5.35 mmol) in toluene (25 mL) was
cooled to -10°C and trgated with a solution of
diisocbutylaluminum hydride in-toluene (11.25 mL of a

20 1.0 M solution; 11.25 mmol). The reaction mixture was
stirred for 3 hrs at 0°C and then quenched with 3 mL of
methanol followed by 1 N HCl until the pH was 1. The
reaction mixture was extracted into ethyl acetate and
the organic phase was washed with water, dried and

25 concentrated. Purification on a silica gel column-
eluting with 25% ethyl acetate in hexane furnished 0.96
g (80%) of a thick oil, 'H NMR (360 Mhz; CDCl,): d

3.85 (s, 3H); 3.87 (s, 6H); 4.32 (d, 2H, J

5.6); 6.29



L-proline nmethyl ester with nethyl oxalyl chloride as 15 shown in Schene

. The resulting oxamates may be reacted wwth a variety of carbon
nucl eophil es to obtain i nt ernedi at es conpounds. These i nternedi ates
are then reacted with a variety of al cohols, am des, or prot ect ed
am no acid resygggssP obtain the pr opyI 20 esters and amdes of Lhe
i nvention. 42
Schene | [err] EXAVPLE 1

54

(dt, 1H, J = 15.8, 5.7), 6.54 {(d, 1H, J = 15.8); 6.61
(s, 2H).
The'invention being thus described, it will be
obvious that the same may be varied in many ways. Such
5 wvariations are not to be regarded as a departure from
the spirit and scope of the invention and all such
modification are intended to be includeé within the

scope of the following claims.



Synt hesi s of 3-phenyl-1-propyl (2S)-1-(3, 3- d| met hyl -Fm=——— t;EN

- . HEET HA .
1, 2-di oxopentyl)-2-pyrrolidi ne | e 1j) THISS! :_rl nt hesl s
of methyl (29)-1-(1,2-di oxo- 2- fﬂfﬂffﬂ E |) 2- | R T te.
A solution of L-proline nethyl é&ster thydroe orl de 18. 60

mmol) in dry e chloride was cooled to O[err]Cand ed with
triethylam ne%%@g&; 10 38.74 mol; 2.1 eq). After sti r iR st?ﬁ‘ggqlorned
slurry under a nitrogen atnosphere for 15 mn, a solution of nmet hyl
oxalyl chloride (3.20 g; 26.12 mmol) in sgret hyl ene chloride (45 nmL) was
added dropw se. The resulting mxture was stirred at O[err]C for 1.5
hr. After 15 fi{hgei Dg tDain@®OVi& S0l ids, the organic phase was washed
with water, dried over MgSO4 and concentr at ed.

43 The crudeir esi ugewsst yuphifd evmpouadspli cie g@:hnmﬂlaxrm el uting
with 50[err] ethyl acetate in hexane, to obtain 3.52 g (88% of the
product as a reddish oil. Mxture

Y —7Z
N (

N\
X

Rl

where
5 | R, is a C,-C; straight or branched chain alkyl
or alkenyl group optiocnally substituted with
C,-C; cycloalkyl, C; or C; cycloalkyl, C;-C,
cycloalkenyl, or Ar,, where said alkyl,
_ alkenyl, cycloalkyl or cycloalkenyl groups
10 méy be optiocnally subsﬁituted with C,-C,
alkyl, C,-C, alkenyl, or hydroxy, and where
Ar, is selected from the group consisting of
l-napthyl, 2-napthyl, 2-indolyl, 3-ind9}yl,
2-furyl, 3-furyl, 2-thienyl, 3-thienyl, 2-,
1s 3-, or 4-pyridyl, or phenyl, having one to
three substituents which are independently
selected from the group consisting of
hydrogen, halo, hydroxyl, nitro,

trifluoromethyl, C,-C; straight or branched
This Sheet Has Been Replaced
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Synt hesis of nmethyl (2S)-1-(1

of cis-trans am de rotaners; data for trans rota L | H NIVR
SRR L b e

di met hyl pent ylgeoogageds r ol i di necar boxyl at e.s A solu ‘{/ thyI
(2S)-1-(1, 2-di oxo- 2- nmet hoxyet hyl ) - 2- pyrrol I di necar boxycizhég 027@2
10. 90 mmol) in 30 nL of tetrahydrofuran (THF) was cooled to

-78[err]C and treated with 14.2 nL of a 1;05M sol ution of
1, 1-di met hyl propyl magnesi um chloride in THF.- After 15 stirrrngthe

resul ting honmpgeneous m xtuaekgl o¥8hEkédydf@;-c, a]_kblstg,egrh@u.rc_s t he

m xture was poured into saturated ammoni um chi or i de (10b rrL) and
extracted into ethyl aadkengloihe phemxy; bbasylorg, vasdeathisdc:h wat er,
dried, and concentrated, and the crude material 20 obtained upon renoval
of the sol vent was purrxfredlgnoéwge“-, silfuen gerhwdenen (CBJlut bmgHyi t h 25%
et hyl acetate |n hexane, to obtain 2. 10g (75% of the oxamate as a
col orl ess oil . err] H NVR (&SCP3ygem op M. (vhexgyR, isphydrogen om@¢s, 3H

each); 1.75 (d? 1. 87 10]£Tl %Qd 25 2 23 (m 1H); 3.54 (m 2H);
3.76 (s, 3H); 52 (dm 1H, i= 4, Synt hesi s of

(29)-1-(1,2-diox0-3,3- 5 4di geeaye@e&zyalgh% BY" £oLhdhOgCALRK LG, 21 o
or alkenyl, wherein the alkyl chain is
substituted in one or more positions with Ar,
as defined above, C;-C, cycloalkyl, '

10 cycloalkyl connected by a C,-C, straight or
unbranched alkyl or alkenyl chain, or Ar,
where Ar, is selected from the group |
consisting of 2-indolyl, 3-indolyl, 2-
fﬁryl, 3-furyl, 2-thiazolyl, 2-thienyl, 3-

15 thienyl, 2-, 3-, or 4-pyridyl, or phenyl,
having one to three substituents which are
independently selected from the group
consisting of hydrogen, halo, hydroxyl,
ﬁitro, trifluoromethyl, C,-C¢ straight or

20 branched alkyl or alkenyl, C,-C, alkoxy or C,-
C, alkenyloxy, phenoxy, benzyvloxy, and amino;

b4 may also be the fragmehti
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44 A m xture of nmethyl (2S)-1-(1, 2-di oxo-3, 3-

di nmet hyl pentyl)-2-pyrrolidin H ( 0 g; & =110l N Li OH
(15 nL), and net hanol (50 m_ﬁlmgnm Iﬂ“gullﬁlﬁd at Gm%l@f’fb‘ﬁ.m room
tenperature 5 overnight. The nfixtturd was acidifikd to P Rl

HCl , diluted woldgua@ser, and extracted into 100 ni=of PEHDYIRMo1
chloride. The organic extract was washed with bri ne and concentrated
to deliver 1.73 g (87% of snow . white solid which did not require
further purification. 10 [err]HNWR (CDC3y: d 0.87 (t, 3H) ; 1.22, 1.25
(s, 3H each); 1.77 (dm 2H); 2.02 (m 2H); 2.17 (m 1H); 2.25 (m
1H); 3.53 (dd, 2Hwhere 10.4, 7.3).; 4.55 (dd, 1H, J = 8.6, 4.1).

Synt hesi s of 3-phenyl -1-propyl (2S)-1-(3,3- .15 .
di met hyl - 1, 2- di oxopent §1)-2L§)y$‘?1§?‘$‘iﬁ]5n(e“€8%8§8§|%¥%up consisgbing €f1). A
(r:Ini )r(rte'ltjwl ggn'g §|S§ % Enl/r rzo?: 3?(%%1-3%%%%@ ibgagngd( %b}fylrrgg"-cs Optjfnf&lﬁfrrpl ),
(822°mp; 3,56 i), 20 | cEmerelTRheatE Sy FIEE AN S .
5 defined above;
X, is O or NR;, where R; is selectéd from the
group consisting of hydrogen, C,-C; straight
or branched alkyl and alkenyl;
R, is selected from the gfoup consisting of
10 phenyl, benzyl, C,-C; straight or branched
alkyl or alkenyl, and C,-C; straight or
branched alkyl or alkenyl substituted with
phenyl; or pharmaceutically acceptable salts

or hydrates thereof.

i5 2. The neurotrophic compound of claim 1, which has an

affinity for FKBP-type immunophilins.

3. The neurotrophic compound of c¢laim 2, where the

FKBP-type immunophilin is FKBP-12.-

4. The neurotrophic compound of claim 1, capable of

20 inhibiting rotamase activity.
5. The neurotrophic compound of claim 1, where Z and

R, are lipophilic groups.
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di met hyl am nopyridine (100 ng; 0.8 mol) in nmethylene '
Mxture vas filtered t EPSErgh | lllllll MFIIIILHIJUI | %32“22 e S et s et

in vacuo, and 25 the crude matefial WasSpurified on Yo
et hyl acetate woobgagane) to obtain 720 ng (80% of Exa a
colorless oil. [err]HNWR (CDC 3): d 0.84 (t, 3H); thﬁx$§E§°11 23
(s, 3H); 1.70 (dm 2H);

1.98 (m 5H); 2.22 (m 1H); 2.64(m 2H) 3547 (m 2H); 4.14 (m 2H);

4.51 (d, 1H); 7.16 (m 3H); 7.26 nL The met hod of Exanple
1 was utilized to Prepatie neurOFH@P bFI%ﬁWPﬁﬁﬂqI39§P¢dun9etexe&qimn1 5

Exanmpl e 2: 3- pheny -1- prop E) - 3, 3-
di met hyl - 1, 2- di oxop¥HE yi§ -5£ PGl %?‘H DatcémSlstlngom/é [err] H NMVR
(360 Mhz, CDCIS) . d 0.

1.54-2.10 (m 5H): 2.1 6%?'1’(1 le’rOPyﬁHﬁég’s :‘5’2‘33355}%‘% 1'?4'. 56 (dd, 1H,
J =38 89 103; &Rt A3 -0Thy2bRi 1 &1 ddcdtBoxdThreS: 67 (dd’ 1H J =

5 3-phényl-1-prop-2-(E)-enyl (23)-1-(3,34dimethyl-
1,2-dioxopentyl)—2-pyrrolidinecarboxyiate,
. 3-(3,4,5-trimethoxyphenyl) -1-propyl (28)-1-(3,3-
dimethyl-1,2-dioxopentyl) -2-pyrrolidinecarboxylate,
3-(3,4,5-trimethoxyphenyl) -1-prop-2- (E) ~enyl (ZS)—
10 1-(3,3- -dimethyl-1,2- dloxopentyl} -2-
pyrrolidinecarboxylate, '
3-(4,5-dichlorophenyl) -1-propyl (28)-1-(3,3-
dimethyl-1, 2-dioxopentyl) -2-pyrrolidinecarboxylate,
3-(4,5-dichlorophenyl) -1-prop-2-(E) -enyl (28)-1-
15 (3,3-dimethyl-1,2-dioxopentyl) -2-
pyrrolidinecarboxylate,
3-(4,5-methylenedioxyphenyl) -1-propyl (2S)-1-(3,3-
dimethyl—l,2-dioxopentyl)—2fpyrrolidinécarboxyléte,
3-(4,5-methylenedioxyphenyl) -1-prop-2- (E) ~enyl
20 (28} -1-(3,3-dimethyl-1,2-dioxopentyl)-2-
pyrrolidinecarboxylate,
3-cyclohexyl-1-propyl (ZS)-1-(5,3-dimethyl—i,2-
dioxopentyl)—2~pyrrolidine¢arboxylate,
3-cyclohexyl-l-prop-2-(E) -enyl (2S)-1-(3,3-
25 dimethyl-1,2-dioxopentyl)-2-pyrrolidinecarboxylate,
(1R) -1,3-diphenyl-l-propyl (2S)-1-(3,3-dimethyl-
1,2-dioxopentyl) -2-pyrrolidinecarboxylate,

(1R) ~1,3-diphenyl-1-prop-2-(E) ~enyl (2S)-1-(3,3-
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THIS SHEET HAS BEEN

15.9); 7.13-7;50 (m 5H) Exanpl
|
nﬁ car bgxphaCeéP 61%

3.(3 4o tri met hoxyphenyl) - L. ng \IE 3H) ; (dm

(3,3-dinethyl -1, 2-di oxopentyl )
NVR (CDC13): d 0.84 (t, 3H; 1..1 : , :

2H) ; 1.98 (m MM0633 2.24 (m 1H) ; (m 2H) , 3.51 (t PC?E%§6/0§70¥9 (51
3H); 3.83 (s, 3H; 4.14 (m 2H); (m 1H); 6.36 (s, .

Exanpl e 4: 3-(3,4,5-trimethoxyphenyl)-1-prop-2-(E)-enyl
(2S)-1-(3,3-dinethyl -1, 2-di oxopentyl )-2-pyrgglidine 20 carboxylate, 66%
[err]H NMR (CDCA 3): d 0.85 (t, 3H); 1.22 (s, 3H); 1.25 (s, 3H);
1.50-2.11 (m 5H) dikethy2-402¢dioxopentyiH)-2-DyFFol iiiRédarBo8Adts, 3H) ;
3.88 (s, 6H); 4.56 de, 1H); 4.81 (m 2H); 6.22 (m 1H); 6.58 (d, 1H,
J 16); 6.63 (s, ZMR)-l2sycinbesfle Iphenyl-l-propyl (2S)-1-(3,3-
3-(4,5- et hyl enedi oxyphenyl ) -1- propyl ) - .

1- (3, 3-di net hyl - 1,‘%ﬁlﬁ%ﬁf&ﬁén?yﬁ?‘-”é%@ﬂ%ﬁ‘&'ﬁ’é’l-’.’-‘ﬂmmecarboxylate.

(€ o 2750 S5 iSRG 3-8 oo

5. 1-(3,3-dimethyl-1,2-dioxopentyl)-2-

g
5 (s

pyrrolidinecarboxylate,

(1R) -1-(4,5-dichlorophenyl) -3-phenyl-1-propyl
(28)-1-(3,3-dimethyl-1,2-dioxopentyl)-2-
pyrrolidineéarboxylate,

10 3-phenyl-1-propyl (2S)-1-(1,2-dioxo-2-
cyclohexyl) ethyl-2-pyrrolidinecarboxylate,
3-phenyl-1-propyl (28)-1-(1,2-dioxo-4-
cyclohexyl)butyl—2-pyrrolidinecarboxylaté,
3-phenyl-1-propyl (28)-1-(1,2-dioxo-2-[2-
15 furanyl])ethyl-2-pyrrolidinecarboxylate,
3-phenyl-l1-propyl (2S8)-1-(1,2-dioxo-2-[2-
thienyl] )ethyl-2-pyrrolidinecarboxylate,
3-phenyl-l-propyl (2S)-1-(1,2-dioxo-2-[2-
thiazolyl] )ethyl-2-pyrrolidinecarboxylate,
20 3-phenyl-1-propyl (2S)-1-(1,2-dioxo-2-
phenyl)ethyl-2-pyrrolidinecarboxylate,
1,7-diphenyl-4-heptyl (2S)-1-(3,3-dimethyl-1,2-
dioxopentyl) -2-pyrrolidinecarboxylate,
3-Phenyl-1-propyl {28) -1-(3,3-dimethyl-1,2-dioxo-
25 4-hydroxybutyl) -2-pyrrolidinecarboxylate,
3-phenyl-1l-propyl (2S)-1-(3,3-dimethyl-1,2-
dioxopentyl)—2-pyrrolidinecarboxamide,

1-[1-(3,3-dimethyl-1,2-dioxopentyl) -L-proline]} -L-

This Sheet Has Been Replaced
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3.36-3.79 (m 2H); 4.53 (dd, lH J =3.8 8.6); 4 61- 4.89 (m 2H);
5.96 (s, 2H): 6.10 (m 1H); ﬂmﬂ 5 J =6.2, 15.8): 6.75 (d, 1H,
J =8.0); 6.83 (dd, 1H J ’/ N”e 93 (s, 1H). ___Exanple 6:
3- (4, 5- et hyl enedi oxyphenyl ) - 1- ﬁrop " I f PEFTH S BEEN
(2S)-1-(3, 3-diwobbyisssl, 2- di oxopentyl ) - 2- pyfir ?(% i 82%
1H NMR (360 MHz, CDCl[err]): d 10 0.86 (t, 3H):|l1 22 (s,
3H); 1.60-2.10 (m 5H): 2.10-2.39 (m 1H); 3. 36- 376 (m 2H); 4.53
(dd, 1H, J = 3.8, 8.6): 4.61-4.89 (m6@H): 5.96 (s, 2H); 6. 10
(m 1H): 6.57 (dd, 1H J= 6.2, 15, 8% 6.75 (d, 1H J = 8.0); 6.83
(dd, 1H, J = 1.3, Pélewlaéagan%sethli esfigyr, Exanpl e 8:

3-cycl ohexyl - 1- pr op- 2- (

3 ot hyl ol oxopent |)[12 ‘%’o‘?“?“&"&ﬁeéa?bé&ﬁé%?%ﬂtyl() L'Qg’%llFl@fr-{-H Ng/ﬁ
360 MHz, CDCl[err] t ; 1.13-1.4 m + singl ets,

'Eot al): 1.50-1.87 lfr)‘ﬁ“gﬁ) eg%’% estl 2.44 (m 6H): 3.34-3.82 (m 2H)

4.40-4.76 3 3525 546 16) .
Eami's 5: (101 5.0 iyl L Do o ey g Al 8

-di oxopentyl )-8 - pHen9lgli-otaar&chyl aster, 90% 1H NWR (360 VHz,
CDCferr]) : d 0.85 (t, 3H ; 1.20 (s, 25. 3H); 1.23 (s, 3H); 1.49-2.39 (m
7H); 2.46-2.86 (n1 1- 2&&(3332§im2§ﬁYMHh,ZEEﬁQxdpdﬁkyﬂE%L4?ﬁ011HbJ-5,82
(td, 1H J =1.8, 6.7); 7.05-7.21 7.21-7.46 (m 7H) .
phenylalanine phenyl es er,
1-[1-(3,3-dimethyl-1,2-dioxopentyl)-L-proline] -L-
phenylalanine benzyl ester, and
10 1-{1-(3,3-dimethyl-1,2-dioxopentyl) -L-proline] -L-

isocleucine ethyl ester.

7. A pharmaceutical composition comprising a
neurotrophically effective amount of the compound of

claim 1 and a pharmaceutically acceptable carrier.

15 8. A method of stimulating growth of damaged
peripheral nerves, which comprises:
administering to damaged peripheral nerves the
neurotrophic compound of claim 1 in sufficient amounts

to stimulate the growth of said nerves.

20 9. A neurotrophic compound of the formula:
0—2Z
N
O§jrzi§§3 0
Rl,
This Sheet Has Been R
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47 Exanpl e 10: 3-phenyl -l -propyl (2S)-1-(1,2-dio 218 o E SW@HZN
zgaagytlaeahzgzérzz{fm'gwscirllmuﬁlﬂmnnrm[e”]HFW e,

(m 2H); 4.61 (m 1H); 6.58 1’1—1)57*16729(711 bH) /73(m 2H).
Exampl e 11: 3-ypabnedmokasl- propyl (28) 1- (1, 2-di oxo- 2-[ 2-
thienyl])ethyl-2-pyrrolidinecarboxylate, 81%, [err]H NWMR PCT/U(S%‘&?-'%—E,

CDC13) : d 1.88-2.41 (m 6H); 2.72 (dm 2H); 3.72 (m 2H); 4.05 (m
1H; 4.22 (m 1H); 4.64 (m 1H); 10 7.13-129 (m 6H); 7.75 (dm 1H);
8.05 (m 1H). Exampl e 13: 3-phenyl - 1-propyl (2S)-1-(1, 2-di oxo-2-
phenyl ) et hyl - 2- pymhelriedi necar boxyl ate, 99% [err]]H NVR (300 VHz,
CDA 3): d 1.97-2.32 (m 6H); 2.74 (t, 2H, J = 7.5); 3.57 (m 2H); 4.24
(m 2H: 4.67 (m 1H); Re. 95ls 3 5C,-Fs 28X M TIBHPET Prenchedschain 3dkyl
8.03-8.09 (m 2H). Ie 14: 3- 5-di net ho henyl } - 1- pr opyl
(29)-1- (3, 3-di net hyI zaHF%%]peéﬁ%HB @t&?PPiW&%tlthd with
carboxylate, 99% [err]H N . 8 , 3H);
1.22 (s, 3H); 1.26 (s, 3H); . 9"?{%‘2 EH%J’ 5 °Y°9°az‘<§’&f Cs-C,

5 cycloalkenyl, or Ar,, where said alkyl,

alkenyl, cycloalkyl or cycloalkenyl groups
may be optionall.y substituted with C,-C,
alkyl, C,-C, alkenyl, or hydroxy, and where
Ar, is selected. from the group consisting of

10 1-napthyl, 2-napthyl, 2-indolyl, 3-indolyl,
2-furyl, 3-furyl, 2-thiazolyl, 2-thienyl,
3-thienyl, 2-, 3-, or 4-pyridyl, or phenyl,
having one to three substituents whi.ch are
independently selected from the group

15 : consisting of hydrogen, halo, hydroxyl,
nitro, trifluoromethyl, C,~-C¢ straight or
branched alkyl or alkenyl, C,-C, alkoxy or C,-
C, alkenyloxy, phenoxy, benzyloxy, and amino;

-/ ig a C,-C; straight or branched chain alkyl

20 or alkenyl, wherein the alkyl chain is
substituted in one or more positions with Ar;
as defined above, C;-C, cycloalkyl,
cycloalkyl connected by a C,-C; straight' or
unbfanched alkyl or alkenyl chain, or Ar,

25 where Arx, is selected from the group
consisting of 2-indolyl, 3-indolyl, 2-
furyl, 3-furyl, 2-thiazolyl, 2-thienyl, 3-
thienyl, 2-, 3-, or.4-pyridyl, or phenyl,
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T




20 5H); 2.24 (m 1H)I—6 2. 623 En 2H); 3.55 (m 2H); 3.75 s, 3H) 2.577
(s, 3H ; 4.17 (m 2 4 m “% 1‘

3- (2, 5- di met hoxyphenyl ) - 1- proA u l“-lﬂu m M‘ SSF SET H/\SB “EN { 0
(2S)-1- (3, 3-di net hyl - 1, 2- di oxopenttyl }- 2¥pytrol i di n Iate 99/0
[err]?,H W égo? 2‘|’f|)3 1 %r]() 0 ?L) (tz 07 (m 2H) g 226”‘:5”U 5785
S, ; . m ; . m ;

Enl 2:3; 3.78 (s, 3H); 3.80 (s, 3H); 4.54 (m 1H); 4.81 (n1 ZFD 6. 29
48 (dt, 1H, J = 15.9); 6.98 (s, 1H). 82 Exanpl e 16:

2- (3, 4,5tr|rrethoxyphenyl)-l-et ﬁ&‘es ) _
(3, 3-di met hyl - 1, 2- di oxopent y# 12'ng i"PdFF\Eee substitaensgywhich &7

300 MHz, CDd 3) 1,15 1.24 (s,
%ﬁi)”]T yg/R(Eim 2H); 1.98 lng?ﬂﬁn%éﬁ§‘iyzsiief"rﬁ|ﬁ1%°m fh%3gfﬁwsz) 3.51

t, 2H); 3.79 (s, 3H); G 1H); 6.36
Es, 2H) | Exampl e 17: 3 it %E) y (hféw'l gr%;éf‘,lo
di met hyl - 1, 2- di oxopentyl) %MJ,‘”&'@E@&S%Q@&%}J% ®,-C; straight or :

5 branched alkyl or alkenyl, CfQL alkoxy or C,-

C, alkenyloxy, phenoxy, benzyloxy, and amino;
or pharmaceutically acceptable salts or

hydrates thereof.

10. The neurotrophic compound of claim 9, wherein R,
10 1is selected from the group consisting of C,-C, straight

or branched chain alkyl, 2.-cyclohexyl, 4-cyclohexyl, 2-

furanyl, 2- thienyl,. 2-tﬁiazolyl, and 4-hydroxybutyl.

1l. The neurotrophic compound of claim 9 having an

affinity for FKBP-type immunophilins. -

15 12. The neurotrophic compounds of claim 11, where the

FKBP-type immunophilin is FKBP-12.

13. The neurotrophic compeound of claim 9, capable of

" inhibiting rotamase activity.

14. The neurotrophic compound of claim 9, where Z and

20 R, are liphophilic groups.
15. A pharmaceutical composition comprising a
neurotrophically effective amount of the compound of
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80% [err]H NWVR (CDCl[err], 300 MHz): d 0.85 (t, 3H—A=23=——F706

3H each); 1.63-1.89 (m 2H); "mlﬂy 4H) mgo:zz'earmﬁﬁfiﬁmon
2.72 (t, 2H); 3.53 (m 2H) mmlmiik 53 (Im 1HREPFAQED(m 1

7.53 (dd, 15 |H); 8.45. Exanmpl e*18s 2-Pyri =propyl
(29)-1-(3,3- wosmisaset hyl - 1, 2- di oxopentyl)-2-pyrrolidi necarﬂam%g}ﬁ o1
88% [err]H NVR (CDC13, 300 M—|z) d 0.84 (t, 3H); 1.22, (92 3H
each); 1.68-2.32 (m 8H); 2.88 (t, 2H, J = 20 7.5); 352(m 2H); 4. 20
(m 2H); 4.51 (m 1H); 7.09- 7.19 (m 2H); 7.59 (m 1H); 8.53 (d, 1H,
J =4.9). Exanpl e 19: 3-(4-Pyridyl)- 1-propyl (2S)-1-(3, 3-

di et hyl -1, 2-di oxopzin i )ar@ py phalrindceetbedbly laatceptable 83%rieéerr] H NVR
(CDC13, 300 MHz): d 6.92-6.80 (m 4H) 6.28 25 (m 1H); 5.25 (d, 1H, J

5.7); 4.12 (m 1H); 408(s 379(s 3X); 3.30 (m 2H); 2.33 (m
1H); 1. 85- 1.22 7 Bé % 89 (t, 3H,
49 Exanpl e 20153 pr% urPtEPB F g9 °‘|m<% ?fcifgﬁol“réﬂ“}lli 2-
di oxoet hyl) -2-pyrrolidinecarboxylate, 91% [err]H NWR (CDC13, 300
MHz) : d 1.09-1.33 (m 5H); 1.62-2.33 (m- H
' N—2Z
oA
O 0
N
where
5 Z .is the fragment:
O
P
RS
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12H); 2.69 )t, 2H, J = 7.5); 3.15 (dm 1H); 3. (m
4.53, 4.84 (d, 1H total): 7.19 (\mm “m ““’ﬂ P (m
3-phenyl - 1-propyl (2S)-1-(2-tert

di oxoet hyl ) - 2-pyrrol i di necar boxyl at e, 2% [err] H NWVR
MHz): d 1.29 (woo8kdess 1.94-2.03 (m 5H);- 10 2.21 (m

5 2H); 4.16 (m 2H);

=y

| oA

THIS SHEET H‘ASI BEEN
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3.50-3.52 (m 2H); 4.16 (m 2H) ; 4.53(m 1H); 719(m (m
2H) . Exanpl e 22: 3-phenyl - 1-propyl (2S)-1-(2-cycl ohexyl -

et hyl -1, 2-di oxoet hyl ) - 2-pyrrol i di necar boxyl &te, 97% [err]H NIVR
(CbClerr]3, 300 MHiz): d 0.88 (m 2H); 1.16(m 4H); 15 1.43-1.51 (m 2H);
1.67 (m 5H); 1.94wkexd (m 6H); 2.66-2.87 (m 4H); 3.62-3.77 (m 2H);
4.15 (m 2H); 4.86 (m 1H); 17-7,32 le 23:

3-(3-pyridyl)-1-propyl R2S)if. eglgygpg from trpxe g@oup cons:.st:r.rr?g of
hexyl et hyl - 1, 2- di oxoet hyl ) - 2- d 20. 70% H NVR
(CD err]3. 300 'Nﬂﬁ? S b Errpagtt, ot EERRARY kg o, epa%ore%ﬁ”

1.68 4H); 1.95-2.32 2 _63.3.78
(m 2I(—|)m 4.H)19 (m (m Blfute‘ﬁfﬁ'z‘%(@c @ycfé}ﬁi’f&ss% . 8: 46

(m 2H) . #5 Exarrpl e 2briRel3aByve dyhda AoididRyh (28 - Az (;2- tert-
butyl - 1, 2- di oxoet hyl ) - 2-pyrrolidi necar boxyl ate, 83% 1H NVR

(CDClerr]3, 300 MHz): dx,1.2%9s(9®, o2HR, 1 Wlfex? 64 isnselecte8HEroR. 8He (M 1H);
2.72 (t, 2H, J = 7.5); 3 52 (m 2H);
group con51st1ng of hydrogen, C,-Cg stralght
or branched alkyl and alkenyl;
R, is selected from the group consisting of
10 phenyl, benzyl, C,-C; straight or branched
alkyl or alkenyl, and C,-C; straight or
branched alkyl or alkenyl substituted with

phenyl; or pharmaceutically acceptable salts

or hydfates thereof.

15 17. The neurcotrophic compound of claim 16, having an

affinity for FKBP-type immunophilins.

18. The neurotrophic compound of claim 17, where the

FKBP-type immunophilin is FKBP-12.

19. The neurotrophic compound of claim 16, capable of

20 inhibiting rotamase activity.

20. The neurotrophic compound of claim 16, where 2’ is

a lipophilic group.
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NVR REBLACE®DO 3

50 4.18 (m 2H); 4.52 (m IH); 7.19-7.25 (m 1

? g%f?xoé?ntyl) 2- p;l?r(?g}o: gl ﬁg uﬂmm mg nt&m,p{gwi

300 MHz): d 0.85 (t, 3H); *1. 26 (s, * eac =68=2. 04 (M 5HH);
2.31 (M 1H); wo ddsok 2H) 351(m 2H), 4.08 (m 3H) 1H)
7.18-7.31 (m ‘;(9 Exanpl e 26: 3-(3-pyridyl)-1- p%’rcgpyﬁéz’“’(’w

(2S)-1-(2-cyclo- 10 hexyl 1, 2-di oxoet hyl ) - 2- pyrrol i di necar boxyl ate, 88%
[err]H NVR (CDd 3, 300 VHz) : d1241’§§(m 5H) ; 188235 (m
11H); 2.72 (t, 2H,_J = 7. 3.00-3 fé ]—Q 69 rn 2H); 4.19
(m 2H); 4.55 (m 34; &Pét?rwaféu&ﬁf-‘a OmHRH L *P%§°c‘mrlfr-ﬁlg 47 (m 2H).

o e 2 o AR BB AL Rl K SR Lm0
T R S T i i g e
2H) .
22. A neurctrophic compound having an affinity for
5 FKBP-type immunophilins wherein the immunophilin
exhibits rotamase activity and the neurotrophic
compound inhibits the rotamase activity of the

immunophilin.

23. The neurotrophic compound of claim 22, wherein the

10 FKBP-type immunophilin is FKBP-12.

'24. A method of treating a neurological disorder in an
animal comprising administering a therapeutically
effective amount of a compound having an affinity for
FKBP-type .immunophilins wherein the immunophilin

15 exhibits rotémase activity and the neurotrophic
compound inhibits the rotamase activity of the

immunophilin.

25. The method of claim 24, wherein the FKBP-type

immunophilin is FKBP-12.

20 26. The method of claim 24, wherein the neurological
disorder is selected from the group consisting of
peripheral neuropathies, and neurological pathologies

related to neurodegeneration.
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20 Exanple 28: 3,3-Diphenyl-1-propyl (2S)-1- (3 3'di e hyl -

1, 2-di oxobutyl )-2-pyrrolidinecarboxylate, 99% [err]H NWR (ChCerr] 3,
300 Mz) : d 1.27 (s, 9H): 1. ;Hmm,r m muml (m 4H); 3.49 (m 1H);
3.64 (m 1H); 4.08 (m 4H); 4 f 7.24 (m 10H). 25 Exanple
29: 3, 3- D phenwbodugesopy!l (2S)-1-cyc ohex

gl yoxyl - 2- Byrrol | di necar boxyl ate, 91% [err] H NVR (CDC err] fCTIUS%mg%(BO
MHz): d 1.32 (m 6H); 1.54-2.41 (m 10H); 3260 (dm 1H); 3.69 (m 2H);
4.12 (m 4H); 4.52 (d, 1H); 51

7.28 10 Ex , n 1- (2-t hi enyl )
gl yox§/lrn 2- p;? roli dlz;’]ecgi:%)%ﬁ@’l O?S%QFgr?J]H é}&%‘errfg’réfoglcagoo
MHz): d 2.04 (m 38lsordedb J(énAl;-HTDe1lm%r4§ d3eddd; 5 3.70 (m 2H);

3.82-4.18 (m 3H total); 4.64 (m 1H); 7.25 (m 11H); 7.76 (dd, '1H);
8.03 (m 1H). The requisite substituted al cohols may be
pr epar ed by a nunber of nmethods known to those skilled in the art

of organic synthes28.. The destded chabohz4e Mherein the neurological

" disorder is Parkinson’s disease.

5 29. The method of claim 24, wherein the neurological

disorder is amyotrophic lateral sclerosis.

30. A method of promoting neuronal regeneration and
growth in mammals, comprising administering to a
subject an effective amount of a neurotrophic compound
10 having an affinity for FKBP-type immunophilins wherein
the immunophilin exhibits rotamase activity and the
neurotrophic compound inhibits the rotamase activity of

the immunophilin.

31. The method of claim 30, wherein the FKBP-type

15 immunophilin is FKBP-12.

32. A method of preventihg neurodegeneration in an
animal comprising admiﬁistering an effective amount of
a compound having an affinity for FKBP-type
immunophilins wherein the immunophilin exhibits

20 rotamase activity and the neurotrophic compound -

inhibits the rotamase activity.of the immunophilinf

33. The method of claim 32, wherein the FKBP-type
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10 alkyl or aryl al dehydes may be honol ogated to phenyl propanol s by
reaction with nethyl (triphenyl phosphor anyl i dene) acfrate=to=provi=te=—a
%ET Ri&S BEEN

vari ety of trans-cinnanmates; tl] I r dfl JEERISHEFET
saturated al cohols by reaction mﬂm,ﬂu!m,ﬂmg lit hi umjal uni MERUACED de,
en doubl+e bond by cat -

or sequenti al IwobgMo633 reduction of t A R p— =
hydr ogenat i on and reduction of the saturated ester by appr Dpl’lg e
reduci ng agents. Alternatively, the trans-ci nnamates may be reduced to
(E)-allylic alcohols by the use of 20 dii$dbutylal um num hydri de.

Li t hi um al um num .Phlerr] B (I%XZH[ err] hydri de

THF J.mmunoph.LIJ.L i) bbbt H err] Li t hi um al um ni num

Di i sobut yl al um num Pd/ C hydride or hydri de

QG i sobut yl al um num hydri de

[err] [ei4] A [Riukbtrophic N-glyoxyl chene ||

52 Longer chain al cohgl S mayg b% %eggpéglbﬁster §°%?T‘b‘f‘%g°dft I on

of benzylic and higherfamiehydes.

5 where
R, is a C,;-C; straight or branched chain alkyl
or alkenyl group optionally substituted with
C; to C¢ cycloalkyl, or Ar,, where Ar, isl
selected from the group consisting of 2-
14 furvl, 2—thieny1,.or vhenyl ;
X is selected from the group cénsisting of
-oxygen and sulfur;
Y is oxygen; and -
z is a straight or branched chain alkyl or
15 alkenyl, wherein the alkyl chain is
substituted in one or more positions with Ar,

as defined above, C,-C; cycloalkyl, Ar, where
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Al ternatively, these al dehydes nmay be prepared by

o cohots, 0 oo a&ZLLfa?”ErlﬂlmﬂHm N AR oo ne

THESBEF 5[ t e
hene - '

acrylic
esters, exenplified for nethyl (8,3 5-trnethoky)- trans- ci nnamat e:
A sol ution of Wo4¢/4063y | et hoxybenzal dehyde (5.0 g; 10 25. %T@p%gmwﬁnd
nmet hyl (triphenyl - phosphor anyl i dene) acetate (10.0 g; 91T mmol) i
tetrahydrofuran (250 nL) was refl uxed overn%%ht. Af ter cooling, the
reaction mxture was diluted with 200 niL of ethyl acetate and washed

wth 2 x 200 nL of water, 1s ggiggﬁe&r& mﬁeghég%ﬁ%#gn% rgﬁci:é%&r\%hsﬁcrude

resi due was chr omat ogr aped on a silica gel

25% et hyl acetate in hexane,21,030ht aicna Sp i B/1(,88% pBknvi, hidersi mat e
as a white crystalline solid, [err]H NVR (300 Eﬁi;yCDdin: §d §.78 (s

3H); 3.85 (s, 6H); 6.32 (d, tc2@hred, substifijents Which, a2k) indefdhddhe1}H I
= 16). CGeneral procedure for the synthesis of saturated _

al cohol s from acrylic esterselecsegl Fford-iorgylps cobnsistingrofret hoxy)
phenyl pr opanol . A solution of nethyl (3,3,5-trinethoxy)-trans-

25 cinnamate @1.81 g; 7. 17 hyWaogepnanetG.aly @Bfaan (30 nL) was added
in a dropw se manner to a solution of l'ithium al um num hydride (14
mmol) in THF (35 nL), with

35. The neurotrophic N-glyoxyl prolyl ester compound

of claim 34, where Z and R, are lipophilic groups.

36. The neurotrophic N-glyoxyl prolyl ester compound
according to claim 34 that is selected from the group
10 consisting of:
3-(2,5-dimethoxyphenyl) -1-propyl. (28)-1-(3,3-
dimethyl-1,2-dioxopentyl) -2-pyrrolidinecarboxylate,
3-(2,5-dimethoxyphenyl) -1-prop-2- (E) -enyl (2S)-1-
(3,3-dimethyl-1, 2-dioxopentyl) ~-2-pyrrolidine-
15 carboxylate,
2-(3,4,5-tfimethoxyphenyl)—1—ethyl (28)-1-(3,3-
dimethyl-1,2-dioxopentyl) -2-pyrrolidinecarboxylate,
3—(3-Pyridyl)-l-propyl (28).~1-(3,3-dimethyl-1,2-
dioxopentyl) -2-pyrrolidinecarboxylate,
20 3-(2-Pyridyl) -1-propyl (2S)-1-(3,3-dimethyl-1,2-
dioxopentyl) -2-pyrrolidinecarboxylate,
3-(4-Pyridyl) -1-propyl (28)-1-(3,3-dimethyl-1,2-
dioxopentyl) -2-pyrrolidinecarboxylate,
3-phenyl-1l-propyl (2S)-1-(2-tert-butyl-1,2-
25 dioxoethyl)-2-pyrrolidinecarboxylate,
 3-phenyl-i-propyl (2S)-1-(2-cyclohexylethyl-1,2-
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stirring and under an argon atnosphere. After the

53 addition was conplete, the m xture was heated to 75[err]C for
4 hours. After cooling, it was q careful addition of 15
. of 2N NaOH fol | owed by 50 ni fmm mm&mﬂmﬁe resul ting nixture was
filtered throughosmese! ite to rendvecso ) s the filter f%&%? washed
with ethyl acetate. The conbined organic fractions were S %t h .

wat er, dried, concentrated in vacuo, and purified on a silica gel
columm, eluting with ethyl acetate to @ebtain 0.86 g (53% of the
alcohol as a 10 <clear oil, [err]H NVR (300 Mz; CDC3): d 1.23 (br, 1H)
1.87 (m 2H); 2.61didxce2Hyl) -2-pyryrolidbregarboxylate, 80 (s, 3H); 3.83
(s, 6H); 6.40 (s, 2H). General procedure for the synthesis of
trans- allylic aI @oTiéI‘@Yfrrlé-hfllécﬂ-yPFQPSé]st@rsé -1E{@nprElvhexyrthyls

3,4,5-tri met hox n E sol ution of neth
§3 3,5- trlnethoxgg éﬁ§P ethylé §na¥£F%1%§}%ﬁ§%5b°§Yé3 Chvol) in tolue%e (25

) ves | cooled to 5 30l gLl A LERLAR (hed (OLUELSRLE 1
5 dioxoethyl) -2-pyrrolidinecarboxylate,
3,3-diphenyl-1l-propyl (2S)-1-(3,3-dimethyl-1,2-
dioxopentyl) -2-pyrrolidinecarboxylate,
3-(3-pyridyl)-l—progyl (28) -1-(2-cyclohexyl-1,2-
dioxoethyl) -2-pyrrolidinecarboxylate,
10 3-(3-Pyridyl) -1-propyl (2S)-N-([2-thienyl]
glyoxyl)pyrrolidinecarboxylate,
-3,3-Diphenyl-1-propyi (25)-1-(3,3-dimethyl-1,2-
dioxobutyl) -2-pyrrolidinecarboxylate,
3,3-Diphenyl-1-propyl (25)-1-cyclohexylglyoxyl-
15 2-pyrrclidinecarboxylate, and
3,3-Diphenyl-1-propyl (28)-1-(2-thienyl)glyoxyl-

2-pyrrolidinecarboxylate.

37. A pharmaceutical composition comprising a
neurotrophically effective amount of the N-glyoxyl
20 prolyl ester compound of claim 34 and a

pharmaceutically acceptable carrier.

38. A method of stimulating growth of damaged
peripheral nerves, which comprises:
administering to damaged peripheral nerves the
25 neurotrophic N-glyoxyl prolyl ester compound of claim

34 in sufficient amounts to stimulate the growth of
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di i sobutyl al um num hydride in toluene (11.25 nL of a 20 1.0 M sol ution;
11.25 mmol ). The reaction m xture was stlrred ﬂjgﬁngiﬁf e/ C and
t hen quenched with 3 ni of L“um i ET S BEEMA| pH
was 1. The reaction m Xt uﬂlu“ ,!{!”m nto t hy| REf/IAGRD and
t he organi ¢ plass washed wi't h‘water” i &d and 25 conc
Purification on a SI?IC& gel col um- eluting with 25% et y%kagg%ate I n
hexane furni shed 0.96 g (80% of a thick oil, [err]H NVR (360 Mz;
54 3 (dfI 1H, §8§5(§ §H)7) 368;4(?d GT)Hﬁ%L 355(35 2?’ Gi s ?); SH)ZQ

—_ y = . , . S,
The i nvention belﬁﬁuﬁhﬁ§rﬂé§cr|bed it wll be obvi ous that the sane
may be varied in many ways. Such 5 wvariations are not to be regarded as a
departure from the spirit and scope of the invention and all such

modi i cation are iy endeflotfokeod NAldAEtgMat Bkl Byical UL the

foll ow ng cl-ai ns.

selected from the group consisting of peripheral
' neurdpathies,.and neurological pathologies related to
5 neurodegeneration in an animal which comprises
administering a therapeutically effective amount of a
neurotrophic N-glyoxyl prolyl ester coﬁpound having an
affinity for FKBP-type immunophilins wherein the
immunophilin exhibits rotamase activity and the
10 neurotrophic F-glyoxyl prolyl ester compound inhibits

the rotamase activity of '‘the immunophilin.

40. The method of claim 39, wherein the FKBP-type

immunophilin is FKBP-12.

41. The method of claim 39, wherein the neurological

15 disorder is Alzheimer’s disease.

#2. The method of claim 39, wherein the neurological

disorder is Parkinson’'s disease.

43. The method of claim 39, wherein the neurological

disorder is amyotrophic lateral sclerosis.
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selected fromthe group consisting of hydrogen, hal ogen, hydroxyl, nitro,
trifluoronmethyl, Cerr]-C6 straight or branched al kyl or al kenyl,
Cerr]-C4 al koxy or (Jerr]-C4 al kenyl oxy, phenoxy, benzyl oxy, and am no;
56 X is oxygen, sulfur, H2, or CHerr]; Y i s oxygen or
NR2, where R err] is hydrogen or CJerr]-C6 al kyl; and Z represents

- aderr]-CJlerr] straight or branched chain al kyl or al kenyl, wherein
the al kyl chai WQ86/46¥stituted in one or nore positions wtPAYYEM70hs

defi ned above, - C3-Cerr] cycloal kyl, -cycl oal kyl connected by
a Cl-C6 straight or unbranched al kyl or al keny?/&hain, or - Ar2
where Ar2 is selected fromthe group consisting of 2- indolyl, 3-indolyl,
2-furyl, 3-furyl, 2-thiazolyl, 2-thienyl, 3- thienyl, 3-, or

4-pyridyl, and phenyl, having one three substituents$ ich are

I ndependently selected fromthe gremsp
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consi sting of hydrogen, hal ogen, hydroxyl, nitro, trifluoronethyl,
(ferr]-C6 straight or branched al kyl or alkenyl, Clerr]- (err] alkoxy or

Cl- 4 al kenyl oxy, phenoxy, benzyl oxy, and am no; - the fragnent:
[err] wher e R3 is selected fromstraight or branched
Cerr]-Cerr] alkyl optionally substituted with CJerr]-Cferr] cycl oal kyl
or Ar as defin 57 above, and unsubstituted .
Arferr]; if"e%ﬁ(‘}"‘?s O or NR where Rerr] is selected frdrAFe¥dUn,
Cerr]-C6 straight or branched al kyl and al kenyl ; R4 is selected
fromthe group consisting of phenyl, benzyl, r]-Cferr] straight or
branched al kyl or al kenyl, and Clerr]-C5 straight or branched al kyl or

al kenyl substituted with phenyl, for the preparation of a nedi cament

for pronoting neuronal
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grow h and regeneration, for treating a neurol ogical disorder, for

pronoti ng neuroregeneration, or for preventing neurodegeneration. 2.
The use of claim1l wherein the nmedicanent is for stinulating growth of
damaged peri pheral nerves. 3. The use of claim1, wherein the

neur ol ogi cal disorder is selected fromthe group consisting of peripheral
neur opat hi es, and neurol ogi cal pathol ogies related to neurodegeneration.

4. The use of CYAPHIOB3 wherein the neurol ogi cal disorder is PAGHENRY s
di sease. 5. The use of claim 3, wherein the neurol ogical disorder is
Par ki nson' s Di sease. 6. The use of 38 aim 3, wherein the neurol ogical
di sorder is anmyotrophic lateral sclerosis. 7. The use of any of
claims 1-6 of a conmpound as defined in claim1l1l wherein Z

and R[err] are lipophilic groups. 8. The use of any of clainms 1-6
of a conpound as defi ned

Inactive

FIG.3B
Vehicle
FIG.3D

FIG.3A

Sham
FIG.3C
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inclaiml which is selected from 3- phenyl - 1- pr opyl

(2S)-1-(3, 3-di net hyl -1, 2-di oxopentyl)-2- pyrrolidinecarboxyl ate;

3-(3-pyridyl)-1-propyl (2S)-1-(3,3-dinethyl-1, 2-
di oxopentyl)-2-pyrrolidi necarboxyl at e;

3-(3,4,5-trinmet W%&gyl )-1-propyl (2S)-1-(3, 3-dinethyl -

1, 2-di oxopentyl )-2-pyrrolidi necarboxyl at e;

3-(3,4,5-trinmethoxyphenyl)-1-prop-2-(E)-enyl (2S)-1-(3, 3-

di met hyl - 1, 2- di oxopent yl ) - 2-pyrrol i di necardxyl at e;

3-(4, 5-di chl orophenyl)-1-propyl (2S)-1-(3,3-dinethyl-1,2-

di oxopentyl)-2-pyrrolidinecarboxyl at e;

3- (4, 5-di chl orophenyl ) - 1-prop-2-(E)-enyl (2S)-1-(3, 3-

di net hyl - 1, 2- di oxopentyl ) -2-pyrrolidi necar boxyl at e;

3- (4, 5- met hyl enedi oxyphenyl ) - 1- propyl (2S)-1-(3, 3-di net hyl -

1, 2-di oxopentyl)-2-pyrrolidi necarboxyl at e;

3- (4, 5- et hyl enedi oxyphenyl ) - 1- prop-2-(E)-enyl (2S)-1-(3, 3-

di met hyl - 1, 2- di oxopentyl ) -2-pyrrolidi necag BoRy| at e;

3-cycl ohexyl - 1- pr opyl q“( 2S)-1- (3, 3-di ne} h% -éléz- di oxopentyl)
3

> 13

11t

mic

Sham
Ex.
Ex.
MPTP

12000

(Wda dypads)
punoq LI [H ]

CFT bindirig to striatal membranes of MPTP-treated

SUBSTITUTE SHEET (RULE 26)

TEREE

200 300

100

3- phenyl - 1- prop- 2- (E) - enyl
(2S)-1-(3,3-dinethyl-1,2- dioxopentyl)-2-pyrrolidinecarboxyl ate;
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2-pyrrolidinecarboxyl at e; 3-cycl ohexyl - 1- pr op- 2- (E) - enyl
(2S)-1-(3, 3-dinethyl -1, 2- di oxopentyl)-2-pyrrolidinecarboxyl ate;

(1R) -1, 3-di phenyl - 1- propyl (2S)-1-(3,3-dinethyl-1, 2-

di oxopentyl ) - 2-pyrrolidinecarboxyl at e;

(1R -1, 3-di phenyl 1 prop-2-(E)-enyl (2S)-1-(3, 3-dinethyl -

1, 2- dloxopentyl rolidiinecarboxyl ate;

(1R) - 1-cycl ohex¥? 0Eﬁenyl 1- propyl (2S)- },63 -3-di net hyl - PCT/US96/09701
1, 2- di oxopentyl ) - 2 pyrrolidi necarboxyl ate;__

(lR) 1- cycl ohexyl - 3- phenyl - 1- prop- 2- (E) - eng)g'ZS)-l-(S,S-

di nmet hyl -1, 2- di oxopentyl ) -2-pyrrolidi necar 7§(I at e;

(1R)-1-(4, 5-dichl orophenyl) - 3- phenyl - 1- pr g (29 -1-(3, 3-

di et hyl - 1, 2- di oxopent yl ) - 2- pyrrol i di necarg | at e;

3- phenyl - 1- propyl (2S)-1-(1, 2-di oxo-2-cycl©h yI)et hyl - 2-

pyrrolidi necar boxyl at e; 3- phenyl - 1- ﬁbp

(2S)-1-(1, 2-di oxo-4-cycl ohexyl ) but yl - 2- ® piy¢ ol i di necar boxyl ate;

3- phenyl - 1-propyl (2S)-1-(1, 2-di oxo- 2- [% %yl ) et hyl -

pyrrolidi necar boxyl at e; 3- phenyEQ—P_f

(25)-1-(1, 2-dioxo-2-[2-thienyl])ethyl -8a ap rroI i di necar boxyl at e;

3- phenyl - 1- pro@l (2S)-1-(1, 2-di oxo-2-¢= & ol yl ]) et hyl -

T
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6 0 pyrrolidi necar boxyl at e; 3- phenyl - 1- pr opyl
(2S)-1-(1, 2-di oxo- 2- phenyl ) et hyl -2- pyrrolidi necarboxyl at e;

1, 7-di phenyl - 4- heptyl (2S)-1-(3, 3-dinethyl-1, 2-di oxopentyl)-
2-pyrroliclinecarboxy |ate; 3- phenyl -1 -propyl (2S)-1-

(3, 3-di nethyl -1, 2-di oxo-4- hydrroxybutyl) -2-pyrrolidinecarboxyl at e;
3- phenyl - 1- pr o&%é%(/ 283) -1-(3,3-di methyl -1, 2-di oxopentyl) - 2-

pyrrolidi necar 40634 1-11-(3, 3-dinethyl-1, 2-di ox®eamusyd/gp7o1
-L-proline] -L phenylalanine ethyl ester;

1-[1-(3,3-dinethy] -1, 2-di oxopentyl)-L-prolégsme]-L | eucine et hyl ester;
1-[1- (3, 3-dinmethyl-1, 2-dioxopentyl) -L-proline] -L phenyl gl yci ne et hyl
ester; 1- [I-(3, 3-dinmethyl-1, 2-dioxopentyl) -L-proline] -L
phenyl al ani ne phenyl ester;

TH Immunostaining in Striatum
630X
FIG.6E

FIG.6C

MPTP/40 mg/kg Example 17 MPTP/20mg/kg Example 17 MPTP/10 mg/kg Exam;;le 17
FIG.6D
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1- (1-(3, 3-dinethyl-1, 2-dioxopentyl) -L-proline] -L phenyl al ani ne

benzyl ester; and 1-[1-(3,3-dinethyl -1, 2-di oxopentyl)-L-proline]-
i sol euci ne et hyl ester. 9. The use of any of clains 1-6 of a
conmpound of the 61 formula: [err]
or a pharmaceutically accept able salt or hydrate thereof, where
Rl err] represents a (Jerr]-Cerr] straight or branched chai n al kyl
or al kenyl grow%ﬁ'ﬁf-"t”onal |y substituted with C3-Cerr] cycl 8&ET$P6/09701
C3 or (err] cycloal kyl, - C5-(err] cycloal kenyl,
7/8
5
. wn

4 LW
N
| .9

8 = L
=
2 £ E
%‘ .
& b
Bb s N
4 E S
) gd
: TH

TH Immuno
Veh/Veh
Example 17 MPTP/20

FIG.7C

MPTP/40
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where said al kyl, al kenyl, cycloal kyl, or cycloal kenyl groups may be
optionally substituted with CJerr]-C4 alkyl, (Jerr]-C4 alkenyl, or

hydr oxy, - or Ar[err], where Ar[err] is selected fromthe group
consi sting of 1- napht hyl , 2-naphthyl, 2-indolyl, 3-indolyl, 2-furyl,
3-furyl, 2-thiazolyl, 2-thienyl, 3-thienyl, 2-, 3-, or 4-pyridyl, and

phenyl, having one to three substituents which are independently sel ected
fromthe group 4B ng of hydrogen, hal ogen, hydr oxyl , nPEFES96/09701
trifluoronethyl, Clerr]-Cferr] straight or branched al kyl or al kenyl,
Clerr]-Cerr] alkoxy or Cferr]-C4 al kenyl oxgyg phenoxy,

benzyl oxy, and am no; Z represents - aderr]-Cr straight or
branched chain al kyl or alkenyl, wherein the alkyl chain is substituted in
one or nore positions wth Ar[err] as defined above, - G-derr]

cycl oalkyl -cycl oal kyl connected by a (Jerr]-C6 straight or §
unbr anched

MPTP/10 Example 17
FIG.8E

FIG.8D

MPTP/20

TH Immunostailﬁng of Medial Forebrain Bundle Axons

MPTP/40 Example 17
FIG.8C
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al kyl or al kenyl chain, or - Ar2 where Ar?2 is sel ected fromthe

group consisting of 2- |ndonI 3-furyl, 2-thiazolyll,
2-thienyl, 3- thienyl, 2-, l " Hﬂ& phenyl haV|ng one to

t hree substltuents mhlch are in epen &n ted fr

c'jnsi sting of hydrogen, hal ogen, hydroxyl n| tro, tri fﬁQTmSha% / 09 7 0 1
Cl'err]-C6 straight or branched al kyl or alkenyl, Cerr]-

Cerr]-Cerr] al kenyl oxy, phenoxy, benzyl oxy, and am no. WJLQO& ﬁ&EQs}QQG
of any of clainms 1-6 of a conpound as defined 56in cIa|n19 wherein R err]

I's selected fromthe group con5|st|n%.of err yéi straight_or

branched chai n al kyl, 2-cycl olfe¥H k@?éhoh X ﬁVaﬁ§l 1754 hi enyl |
2-thiazolyl, and 4- hydr oxyb The use.of a f_clains
1-6 of an N-gl yoxyl prolyl é@@%?WGPx?hePPSPﬁﬁVa genzyloxy' dnd

amino;
Lerr] X is oxygen or sulfur;
Y is oxygen or NR,, where R, is hydrogen or C,-
5 C¢ alkyl; and

Z is a C2-C6 straight or branched chain alkyl
or alkenyl, wherein the alkyl chain is
substituted in one or more positions with Ar,
as defined above, C,-C; cycloalkyl,

10 cycloalkyl connected ?y a C,-C, straight or
unbranched alkyl or alkenyl chain, or Ar,
where Ar, is selected from the group
consisting of 2-indolyl, 3-indolyl, 2-
furyl, 3-furyl, 2-thiazolyl, 2-thienyl, 3-

15 thienyl, 2-, 3-, or 4-pyridyl, or phenyl,
having one to three substituents which are
independently selected from the group
consisting of hydrogen, halo, hydroxyl,
nitro, trifluoromethyl, C,-C; straight or

20 branched alkyl or alkenyl, C,-C, alkoxy or C,-
C, alkenyloxy, phenoxy, benzyloxy, and amino;

Z may also be the fragment:

Sheet Has Been Replaced
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or a pharmaceutically acceptable salt or hydrate thereof, where

Rl err] represents - aderr]-C5 straight or branched chain aIkyI or

al kenyl group optionally substitut eﬂlm“mll I Mmoal kyl , 8

Ar[err], where Ar[err] is selected f sisti f r&| /f
2-thienyl, and phenyl; and Z repreSents " - a st ;@glb 98/ 097[
branched chai n al kyl or al kenyl, wherein the aIkyI chain is FT¥§

one or nore positions with Ar[err] as defined above, ‘ 11356 %g"JEIt 199
cycl oal kyl, or - Arferr] where Ar2 is s@&ected from2-, 3-,

4-pyridyl, or phenyl, having one to three substituents mhlch are

i ndependently  sel kijRrRhﬁﬁﬂﬂ?Qﬁﬁyﬂglc@ﬁ@P@FPﬁgoéfCﬁWﬂ?b@h@Saﬂd

Clerr]-C4 al koxy. 12. The use of any of clains 1-6 of a conpound as

defined in clai m FeWRi€RriZzaddy REEECE1NEeaMPEBRNPFi Ehereomround of

13. Th f any of. cl 1-6 of n fin
3. The use of any of, clains 1-6 aophar?ugggalé1gai‘iydgcéeptable carrier.

22. A neurotrophic compound having an affinity for
5 FKBP-type immunophilins wherein the immunophilin

exhibits rotamase activity and the neurotrophic

compound inhibits the rotamase activity of .the

immunophilin.

23. The neurotrophic compound of claim 22, wherein the

10 FKBP-type immunophilin is FKBP-12.

24. A method of treating a neurological disorder in an
animal comprising administering a therapeutically

effective amount of a non-immunosuppressive compound

having an affinity for FKBP-type immunophilins wherein
15 the immunophilin exhibits rotamase activity and the

neurotrophic compound inhibits the rotamase activity of

the immunophilin.

25. The method of claim 24, wherein the FKBP-type

immunophilin is FKBP-12.

20 26. The method of claim 24, wherein the neurological
discorder is selected from the group consisting of
: peripheral neuropathies, and neurological pathologies

related to neurodegeneration.
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in claim1ll which is selected from

3- 5-di met hoxyphenyl ) - 1- pr opyl
(2S).-1-(3, 3-di net hyl -1, 2- dloxope B@l |§
L
1-(

(2,
_ oli dlnecarboxylate
3-/(2, 5-di met hoxyphenyl ) - 1- prop 2-( &
3

2

r
dijmet hyl - 1, 2- di oxopentyl)-2-pyrroli zu l ‘PCT/US 96 / 09 70
3-1(3, 4,5- trlnethoxyphenyl) 1 et hyl (2S)- , 3- dlnethyl ﬁB
dijoxopentyl ) -2-pyrrolidi necar boxyl at e; 3- phenyl - 1- pr ENL& 0 9 DEC 1996
(2S)-1-(2-tert-butyl-1, 2-di oxoethyl)-2- pyrrolidinecarboxyl ate;
3-lphenyl - 1-propyl (2S)-1-(2-cycl ohexyl et hyl -1, di oxoet hyl ) -
2-ipyrrolidinecarboxyl at e; 3-(3-pyridyl)-1-propyl
(2S) - 1- (2- cycl ohexylismwrophi2in disoX&BPh¥R) - 2- pyrrol i di necar boxyl at e;
3-(3-pyridyl)-1-propyl (2S)-1-(2-tert-butyl-1, 2-di oxoethyl) -

2-pyrrolidinecarboxyl at e; 3, 3 diphenyl 1- propyl
(2S)-1-(3, 3-di net hyl -1, 2- di oxopenty ggrrolldlnecarboxylate
3-(3-pyridyl)-1-prop- (?SPeFrPErEPBPShQXQF 1 PER0EL IfF5er compound of

2- pyrrolldlnecarboxyl 3-(3-pyridyl)-1-propyl
(2S) - N- ([ 2-t hi enyl ] & %ﬂr}“ﬂa yrrolidi necar boxyl at e;

3, 3-di phenyl - 1- propyl (2S)-1-(3, 3-dinethyl-1, 2-di oxobutyl) -

o

'Rl

5 where
R, is a C,-C; straight or branched chain alkyl
or alkenyl group optionally substituted with
C, to C; cycloalkyl, or Ar;, where Ar, is
selected from the group consisting of 2-
10 furyl, 2-thienyl, or phenyl;
X is selected from the group consisting of
oxygen and sulfur;
Y is oxygen; and
Z is a straight or branched chain alkyl or
15 alkenyl, wherein the alkyl chain is
substituted in one or more positions with Ar,

as defined above, C;-C, cycloalkyl, Ar, where
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2- py.rrol i di necarboxylate; , 3-di phenyl)

(-2S) - 1- cycl ohexyl gl y E’H ; I EI necar box@é‘PEA@E(MENT SHE
gl
ly ac

3, 3-diphenyl - 1- prop iyl ) gl yoxyl -2-  pyrrolidi necarE oxyl at e.

'14. The use of any of«clal ns =a conpound of the for LACEME
[err] or phar maceutlcal acceptakd e salts or hydr @gﬂé édﬂU_I_EFT
G 1 JUN 199

wher e Zis the fragnent:
What is claimed is:

- !
1. A neurotrophic compound of the formula: ;

Y —Z
N K

N N 0 REPLACEMENT SHEETS  SG

i} Description : pag;sri .. 10 paged .....
l %i' v{3) :paged SSto pﬂgcda.b..
R 0 Drawing(s) : »aged ... to paged .....
Li Absiract  :paged..... to paged .....

5 R, is a C;-C, straight or branched chain alkyl
or alkenyl group optionally substituted with
C,~Cy cycloalkyl, C, or C cycloalkyl, C.-C,
cycloalkenyl, or Ar,, where said alkyl,
alkenyl, cycloalkyl or cycloalkenyl groups
10 may be optionally substituted with C,-C,
alkyl, C,-C, a_lkenyl, or hydroxy, and where
Ar, is selected from the group consisting of
l-napthyl, 2-napthyl, 2-indolyl, 3-indolyl,
2-furyl, 3-furyl, 2-thienyl, 3-thienyl, 2-,
15 3-, or 4-pyridyl, or phenyl, having one to
three substituents which are independently
selected from the group consisting of
hydrogen, halo, hydroxyl, nitro,
s Sheet Has Been Replaced ~ triflucromethyl, C,-C; straight or branched

I _ T
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wher e

et Thed sbove. oo’ Tt i e o L) 1 ERE! RS L AEET
‘is Oor NR5, where umm"lummm d framthe group consisting 8f iy eman
hydrogen, Clerr]-C6 straight or Sbranched 8 kyl and al kenyl ; ' REGs Y

sel ect'ed fromthe group consisting of phenyl, benzyl, {err]iCerr]

straight or branched al kyl or al kenyl, and C[err] Cerr] strajght or

branched al kyl or al kenyl USe—Bf—ame nn

R3 is selected from

conpound of the fornmul a:

10

15

20

- st ra| ght or

Faerel

PLACENERT,

i%bit I tUt f?a:\{\ff.‘:t. ,h cp E yalkcxy or jCS

alkenymxy, phenoxy, benzyloxy, and aminc;

*-4

is oxygen cr sulfur;

is oxygen cr NR,, where R; is nydrogen or C,-

C¢ alkyl; and

is hydrogen, a C,-C¢ straight or branched chain alkyl
or alkenyli, wherein the alkyi chain is
gubgtitured in one or more positions with Ar,

as defined abovs, C;-C; cycloalkyl,

cycloalkyl connected by a C,-C stiraight or

- unbranched alkyl or alkenyl chain, or Ar:

ta

where Ar, iz selected f£rom the group

consisting ¢f 2-indolyl, 3-indolyl, 2-

furyl, 3-furyl, 2-thiazolyl, 2-thienyl, 3-

thienyl, 2-, 3-, or 4-pyridyl, or phenyl,

havinz on2 to three substituents which are
=ndependently selected Zrom the group

consiszing of hyvdroge:n, halo, hycéroxyvl,
nitrc, crilliucromethyl, C,-C, straight er
branched alkyl cr alkenyl, C,-C, alkoxy or 2;-
C, alkenyloxy, phenoxy, be::zjrloxy, and amino;

may aiso pe the fragment:

0
CH“XR
] 4
R

3 J—
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or a‘pharnaceutically acceptable salt or hydrate th%ié%{’
Rl err] represents - aderr]-Cerr] straight ~pilah

or al kenyl group opt ed with C3-C8 cycl oal kyl ,
or CJerr] cycloal kyl, ”mm l”l” mmlmlm cycl oal kenyl ,

al kyl , al kenyl, cycloal'kyf, 'or "cyCl oal kenyles groups may be gptiomatty
substituted with (Jerr]-C4 alkyl, C[err]- al kenyl , or hydroxy,

- or Ar, where ew*éﬁé] is selected fromthe group consisting of
1- napht hyl, 2-naphthyl, 2-indolyl, 3-indolyl, 2-furyl, 3-furyl,
2-thiazolyl, 2-thieny, 3-idi , Ld de sRRERY
havi ng one to three ?&bsti%%éﬁ?%éﬁﬁgghfg?% ?%%g%gﬁg%n?%?sggeféggeg°fron1the
group consisting of hydroggfra{gh©96H, braNEhedYAlkPLt £0.C bbUi%?Ja‘?.’I? hyl ,
Clerr]-C6 straight or branched " al kyl or alkenyl,k¥ierr]-c4 al koxy or C2-C4
al kenyl oxy, phenoxy, substituted with C,-C, cycloalkyl, or Ar, as

defined above;

X, is O or NR;, where R; is selected from the
group consisting of nydrogen, Cf<k.straight
or branched alkyl and alkenyl;

R, is selected from the group consisting of
phenyl, benzyl, C,-C; straight or branched

- alkyl or alkenyl, and C,-C, straight or
branched alkyl or alkenyl substituted with
phenyl; or pharmaceutically acceptable salts

or hydrates thereof

provided that when Z is H, then R, cannot be methyl,

isopropyl, isobutyl, benzyl, or 2-(3,4~dichlorophenyl)ethyl.

2. The neurotrophic compound of claim 1, which has an

affinity for FKBP-type immuncphilins.

3. The neurotrophic compound of claim 2, where the

FKBP-type immunophilin is FKBP-12.

4. The neurotrophic compound of claim 1, capable of

inhibiting rotamase activity.

5. The neurotrophic compound of claim 1, where Z and

R, are lipophilic groups.
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benz) i no” i ' .‘C‘] ACE "“‘ﬂlgs EET
enzyl oxy, and an1no X is oxygen, sulfur,

oxygen or NR2, V\/ner or Cl-C6 al kle@ngA EH\ E_Z!\jTe@H k&nfis
- a (err]-(err] st ﬂg” ﬂﬁ! d chain al kyl KEnyl G i Jhigh &% tihe
al kyl chain is substutu nDre positions wth A [err] as

defi ned above, - C[err] Jerr] cyclgal kyl, f tyctoarkyl

connected by a (Jerr]-C6 straight or unbranched al kyl or:al kenyl chain

-/vZMwH3N2|ssLC HEeBbhie Gbaieusen sicdr alyl,
3-indolyl, 2- furyI g %u?%g E2 gﬁﬁézolyl 2- thlenyI‘JrCEEI'l-f--gf é%tﬁ%i%%j 2-, 3-,

or 4-pyridyl, aehﬁgy%eﬁ@aeagc%a; el Brefs coMdsidd; lx'x?“oif which are
y

|ndependently se ecte romthe group consi sting of hydrogen, hal ogen,
hydr oxyl, nitro, tgLEhgg@anLayboyi[qashaﬁpqerhaammgﬂﬂy14y'jbranched

al kyl or alkenyl, Cerrt] 4
al koxy or (err}hickepehtaikenybprroljddnecy rbosylntexy, and am no, or
5 3-phenyl-1-prop-2-(E) -enyl (2S)-1~(3,3-dimethyl-
l,2-dioxopentyl)-2-pyrrolidinecarbcxfiate,
3-(3,4,5-trimethoxyphenyl) -1-propyl (2S)-1-(3,3-
dimethyl-1,2-dioxopentyl) -2-pyrrolidinecarboxylate,
3-(3,4,5-trimethoxyphenyl) -1-prop-2- (E) ~enyl (2S)-
10 1-(3,3-dimethyl-1,2-dioxopentyl)-2-
pyrrolidinecarboxylate, . |
3-(4,5-dichlorophenyl) -1-propyl (2S)-1-(3,3-
dimethyl-1,2-dioxopentyl) -2-pyrrolidinecarboxylate,
-(4,5-dichlorophenyl) -1-prop-2-(E) -enyl (28)-1-
15 (3,3-dimethyl-l,2-dioxopeﬁtyl)—2-
pyrrolidinecarboxylate, .
3-(4,5-methylenedioxyphenyl) -1-propyl (2S)-1-(3,3-
dimethyl-1,2-dioxopentyl) -2-pyrrolidinecarboxylate,
3-(4,5-methylenedioxyphenyl) ~-1-prop-2-(E) ~enyl
20 (28)-1-(3,3-dimethyl-1,2-dioxopentyl) -2-
pyrrolidinecarboxylate,
3-cyclohexyl-1-propyl (2S)-1-(3,3-dimethyl-1,2-
dioxopentyl) -2-pyrrolidinecarboxylate,
3-cyclohexyl-l-prop-2-(E)-enyl (2S8}-1-(3,3-
25 dimethyl-1,2-dioxopentyl) -2-pyrrolidinecarboxylate,
(1R) -1,3-diphenyl-1-propyl (28)-1-(3,3-dimethyl-
1,2-dioxopentyl) -2-pyrrolidinecarboxylate,

(1R)-1,3-diphenyl-i-prop-2-(E)-enyl (2S8)-1-(3,3-

This Sheet Has Been Replaced
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) B D1
- the fragnent: [err] — “where - i s sel ect g1

e S TN, 2 SRR SHEsT

i@ Rlyei | O
or NRlerr], where R &rry i's Sel &té&d from hydrogen, C[er ] C[err] strai ght
or branched al kyl and al kenyl ; R4 is s¢l ected fromthe group———
consi sting of phenyl, benzyl, d{err]-Cerr] straight or:bLanchedﬂngyl or
al kenyl, ‘and ( egf ecﬁfffi §1aﬁbﬂgbeﬁﬁylbténﬁbedoﬁkﬁihe@évﬁb gtgér """"""

substituted with phe fof tréating a neurol ogical for

pronoti ng neur or egepeg L4 ORvcPEhERY1 PReMBRA DY DEYREGETeBEN ali. -
16. The use of clain1? ? E?Fnula??ng g?omﬂh of dangged peﬁlgaesal

nerves. 1dimdERyUsE, ot debrbpeAbylAgrpvBrblednneEakrboixgalardi sor der

is selected fromthe group consisting of peripheral neuropathies, and

neur ol ogi cal pat hol ogk ER) f Bt eyellohexpiuBeghgapdratpoop-2- (E) ~eh§l Tl2g)use

of claim17, wherein the neurological disorder I's Al zhei ner's di sease.
5 1-(3,3-dimethyl-1,2-dioxopentyl)-~2-

pyrrolidinecarboxylate,
(1R)-1-(4,5-dichlorophenyl) -3 -phenyl-1-propyl
(28)-1-(3,3-dimethyl-1, 2-dioxopentyl) -2-
pyrrolidineéarboxylate,
10 3-phenyl-1-propyl (28)-1-(1,2-dioxo-2-
cyclohexyl)ethyl-2-pyrrolidinecarboxylate,
3-phenyl-l-propyl (2S)-1-(1,2-dioxo-4-
cyclohexyl)butyl-2-pyrrclidinecarboxylate,
3-phenyl-1-propyl (2S)-1-(1,2-dioxo-2-({2-
15 furanyl])ethyl-2-pyrrolidinecarboxylate,
3-phenyl-1-propyl (28)-1-(1,2-dioxo-2-{2-
thienyl] )ethyl-2-pyrrolidinecarboxylate,
3-phenyl-l-propyl (28)-1-(1,2-dioxo-2-[2-
thiazolyl] )ethyl-2-pyrrolidinecarboxylate,
20 3-phenyl-l-propyl (2S)-1-(1,2~dioxo-2~
phenyl) ethyl-2-pyrrolidinecarboxylate,
1,7-diphenyl-4-heptyl (25)-1-(3,3-dimethyl-1,2~
dioxopentyl) -2-pyrrolidinecarboxylate,
3-Phenyl-1-propyl (2S)-1-(3,3-dimethyl-1,2-dioxo-
25 4-hydroxybutyl)-2-pyrrolidinecarboxylate,
3-phenyl-l-propyl (2S)-1-(3,3-dimethyl-1,2-
dioxopentyl) -2-pyrrolidinecarboxamide,

1-[1-(3,3-dimethyl-1,2-dioxopentyl) -L-proline] -L-

This Sheet Has Been Replaced
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19. The use of claim 17| i rol ogi cal gi-sar ey et
D sease. 20. The Jmmﬂﬁmuﬂuﬂmmwmrel n tEE 5 AN 1 C El&
is anyotrophic lateral sclerosis" § * 21. The use of an

of a conmpound as defined in claim15 wherein Z and R err]
gr oups. 22. The use of any of clainggl5-20 of a congoynd as defi ned
in claim15 which is selected from 3-phenyl - 1- propyl 77
(29)-1- (3. 3-di ppidnyrd1 dnsheemyl yédeds, pyrrolidi necar bdxylater
3-(3-pyridyl)-I-propyl (2S)-1-(3,3-dinethyl-1, 2-

di oxopentyl)-2-pyrroji i nex s bbkpeehyl -1, 2-didxpbenyyl)l-Drppo2ifhf] gAYl
(2S)-1-(3, 3-dinethyl -1, 2- di oxopentyl)-2-pyrrolidinecarboxyl ate;

3- (3, 4, 5-tri netleuynienythyll -eswey) (2S) - 1- (3, 3- di net hyl -

1, 2-di oxopentyl)-2-pyrrolidinecarboxylate;, _

3-(3, 4, 5-tri net hoxyphebit §3 13 pdbpethyH 1 efyRieaepentyd) sL-proline] -L-

di met hyl - 1, 2- di oxopentyl ) -2-pyrrolidi necar boxyl at e;

3- (4, 5- di chBor qtenylgincime psrhy > $seY¥ 3, 3- di et hyl - 1, 2-

di oxopentyl)-2-pyrrolidinecarboxyl ate; _- X )
3-(4,5-dich|orophenyl)[}fb?o%ZQLT%§h¥%y&'%2@59¥9?§?§Y1)'L‘Pr°llne]'L'

phenylalanine phenyl ester,

1-[1-(3,3-dimethyl-1,2-dioxopentyl) -L-proline] -L-
phenylalanine benzyl ester, and
10 1-{1-(3,3-dimethyl-1,2-dioxopentyl)-L-proline]-L-

isoleucine ethyl ester.

7. A pharmaceutical composition comprising a
neurotrophically effective amount of the compound of

claim 1 and a pharmaceutically acceptable carrier.

15 8. Use of the neurotrophic compound of claim 1 for the

treatment of damaged peripheral nerves.

20 9. A neurotrophic compound of the formula:
0—Z
N
o
(S/\J
R1
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EMENT oHEET

di met hyl - 1, 2- di oxopent yl ) - rrolidi necar boxyl at eREPLA
3- (4, 5- met hyl enedi oxypheﬂummukﬂmmgIM) 1-(3, 3 di et hy
1, 2- di_oxopentyl)-2-pyrrol

3- (4, 5- met hyl enedi oxyphenyl ) - 1-pr Op-

di met hyl - 1, 2- di oxopentyl ) -2-pyrrolidi necar gaxyl at e;
3-cyc|ohexy|-1-propy| (2S)-1-(3, 3-di net hyl -1, 2-di oxopenty
2-pyrrolidinecar d ate; 3-cycl ohexyl -1-prop-2-(E)¢t

(B enyl (28) 1- (3, B-

REPLACEMENT SHEET

Laka

0 1 JUN 1999

)} S

enyl

(2S)-1-(3,3-dinethyl-1,2- dioxopentyl)-2-pyrrolidinecarbsxH-at-e;
(1R) -1, 3-di phenyl - 1- qiopylls( Zo)c lc(,3s§'-éi§3thd4' Brdnched chain alkyl

dloxopentyl) 2- pyrrolldlnecarboxy at e;

(1R)- 1, 3-di phenyl - 1- pr op- 254 Rxiespsrl (?&uﬁ 4P Lot IBY hgtibst ituted with

1, 2- di oxopentyl ) -2-pyrrolidi necar boxy

(1R) 1- cycl ohexyl - 3- phenyle,lcpr epylod iyl 1- €3.c di;nevilloalkyl, C -G,

1, 2-di oxopentyl) - 2- pyrrollalnecarboxylate

(1R) - 1-cycl ogexyl - 3- phenyleyle Jpaldenf E) -@nylhx,(,2 Phele Fadd
di met hyl - 1, 2- di oxopentyl ) -2-pyrrolidi necar boxyl at e;

alkyl,

10

15

20

25

alkenyl, cycloalkyl or cycloalkenyl groups
may be optionaliy substituted with C,;-C,
alkyl, C,-C, alkenyl, or hydroxy, and whexe
Ar, is selected from the group consisting of
l-napthyl, 2-napthyl, 2-indolyl, 3-indolyl,
2-furyl, 3-furyl, Z-Ehiazolyl, 2-thienyl,
3-thienyl, 2-, 3-, or 4-pyridyl, or phenyl,
having one to three substituents which are
independently selected from the group
consisting of hydrogen, halo, hydroxyl,
nitro, trifluoromethyl, C,-C¢ straight or
branched alkyl or alkenyl, C,-C, alkoxy or C,-
C, alkenyloxy, phenoxy, benzyloxy, and amino;
is hydrogen, a C,-Cs straight or branched chain alkyl
or alkenyl, wherein the alkyl chain is
substituted in one or more positions with Ar,
as defined above, (C,;-C, cycloalkyl,
cycloalkyl connected by a C,-C, straight’ or
unbranched alkyl or alkenyl chain, or Ar,
where Ar, is selected from the group
consisting of 2-indolyl, 3-indolyl, 2-
furyl, 3-furyl, 2-thiazolyl, 2~thienyl, 3-
thienyl, 2-, 3-, or 4-pyridyl, or phenyl,
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dimet h | )-2-pyrrolidinecarboxyl at e;

3- pheny#t - Ie propy 1- (gaelﬁ%oape EVEhQQEWU.«E‘-WLeﬁ:s which a
pyrrolidi necar boxyl at e; p enyl-l propyl

28112d|oxo4cclo £ 4 capho
( ) ( 1-y opgﬁﬁ%é%$waa$t g %?g%% QaEZL?ﬁra%€I?¥et

conSi PHeRY| od- Ry@B¥&ern, halo, hyéx
hlenyl])e?ﬁgl 2- pyr?olldlnecarboxy?xg

(éﬁé&@)oﬁﬁhflﬁaréﬁé ?iy|¢lﬂﬂhﬁh*31ght or

T

3- phe yr I“bropyl

pyrrolji di qajy@xﬁﬂat ; 3- phenyl - 1- pr opy

(2S) - 13- (11, 2 di oxo- 2- phenylprifythe-allpyl rot i alloesgl p lgt 81 ko r C,
1,7- dlpAenyFwﬁ“ﬁéptyl (2S)-1-(3,3-dinethyl -1, 2- dloxogéﬁtyl) XY or G-

2-pyrrplidinecarh v Ca alke&yﬂbawylphemm&gylbenzyloxy, and amino;

(2S) - 1+¢3;73-diI net hyl - 1, 2- di oxo- 4-
or pharmaceutically acceptable salts or

hydrates thereof

provided that when Z is K, then R, cannot be methyl,

isopropyl, isobutyl, benzyl, or 2-(3,4-dichlorophenyl)ethyl.

10. The neurotrophic compound of claim 9, wherein R,
is selected from the group consisting of C,-C, straight
or branched chain alkyl, 2-cyclohexyl, 4-cyclohexyl, 2-
furanyl, 2- thienyl, 2-tﬁiazolyl, and 4-hydroxybutyl.

11. The neurotrophic compound of claim 9 having an

affinity for FKBP-type immunophilins.

12. The neurotrophic compounds of claim 11, where the

FKBP-type immunophilin is FKBP-12.

13. The neurotrophic compound of claim 9, capable of

inhibiting rotamase activity.

14. The neurotrophic compound of claim 9, where Z and

R, are liphophilic groups.

15. A pharmaceutical composition comprising a

neurotrophically effective amount of the compound of
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nydr oxybutyl ) - 2- | d boxv] REPLACEMENT SHEET
ydr oxybuty pyrroli lnecar oxy ate -
(2S)-1-(3, 3-di net hyl - pyrrol i Eﬁgﬁ ' k\gl;%gl{EET
1-[1-(3,3-dinmethyl -1, ' prollne] L phenyaal y
ester; - 1-(1-(3, 3% L oxopentyl)-.L-prol}nel-L.leucine-! *
ethyl ester; 1- [1-(3,3-di rret hyI 1, 2-gh oxopentyl ) -|-proline]- L |
phenyl gl yci ne ethyl ester; T
1-[1-(3, 3-di net hyl -1, 2-di gxope R QL Haariex phenyl
esEer;( claim 9 and 2" ?1 Yk cbuRE a9l aeceptiagily pheny
1-(1- (3, 3-di nethyl -1, 2- di oxopentyl ) - L prollne] L phenyl al ani ne benzyl
ester; and 1- [1 (3,3-dinethyl -1, 2-di oxopentyl )-L-proline]-L
i sol euci ne ethyl ester Tf&;ﬂp‘aﬁr@ ol fdmmulsa 15- 20 of a
conpound of the{ &f-or &eurOtr&lc
|
N—2Z
oA
O\ \ O
where
5 y/ is the fragment:
0
——CI"I—‘lLXZ—R“_
Rs
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[err] or a phar maceutical |y acceptabl e saﬁ‘té_oﬁt.. hydrat-e EEJ
wher e Rlerr} repr derr] - d erlRERkAL BN d
chain al kyl or al kenyl substltutedﬁ“'fﬂ“fSTtT%WTT

cycl oal kyl , - C3 or err] "cycl oal kyl, +d 805 559

cycl oal kenyl , where said al kyl, al kergq, cycl pa k§7 or cycl o[a kenyl
groups nmay be optionally substituted with (ferr]-{ er aLKywa€¥e+ ] C4
al kenyl, or hydr - or Ar[err], where Ar[érr] is selected from
the group consi s‘tglfi%zéeof  1-naphthyl, 2-naphthyl, 2lineetyr—=s=indoryl,

2-furyl, 3-furyl, R
3-, or 4-pyridyl, and’

is selected- Ebbazeh¥| grduphtenkhistinghienyl. 2-,

straight or branched alkyl C,-C, optionally

substituted with C;-C, cycloalkyl, or Ar, as

5 defined above, and unsubstituted Ar,;

X, is O or NR;, where R; is selected from the

group consisting of hydrogen, C,;-C; straight

cr branched alkyl and alkenyl;

R, is selected from the group consisting of

10 phenyl, benzyl, C,-C; straight or branched

"alkyl or alkenyl, and C,-C; straight or

branched alkyl or alkenyl substituted with

phenyl; or pharmaceutically acceptable salts

or hydrates thereof.

15 17. The neurotrophic compound of claim 16, having an

affinity for FKBP-type immunophilins.

18. The neurotrophic compound of claim 17, where the

FKBP-type immunophilin is FKBP-12.

19. The neurotrophic compound of claim 16, capable of

20 inhibiting rotamase activity.

20. The neurotrophic compound of claim 16, where Z' is

a lipophilic group;
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phenyl, having one to three substituents which ar %& entty-—get-eat bl
fromthe group consi s Imum@ hal ogen, (IRE gg S}-E ['
trifluoronmethyl, C er ﬂﬂml{t or branched al kyl Uty e

-

BLA

é MJ,-H
Jerr]-C4 al koxy or C[err 4 d1 kénykoxy, phenoxy, benzyloxy,, and.tam np;
Z represents - a Jerr]-Jerr] strai @ or branched chain al Kyll or
al kenyl, wherein the alkyl chain is substituted in one or -mofe--pegi-tions

with Ar[err] as 2lefi fecohdmmageutical compositien cympvisiny,a
-cycl oal kyl connected by a Cferr]-C6 straight or unbranched alkyl o7
al kenyl chain, areurotrophigablweffeqtive sameyrttiefl thencompoyndupt
consi sting of 2- indolyl, 3-indolyl, 2-fur I 3-furyl, 2-thiazolyl,
2-thienyl, 3- aqlsiena6 and 3 pharmacentiemlly Mecepeable @avrigrone to
t hree substituents which are independently selected fromthe group
consi sting of hydrogen hal ogen, hydroxyl, nitro, trifluoronethyl,

Clerr]-C6 straight branched al kyl _or al k al koxy or
Clerr]-Jerr] al yI &Fuﬁﬁ?’ﬁﬁ%‘g ‘grﬂ%ﬁﬁ"%n’?ﬂ ffl"%‘ty %‘i The use
of any of clar 20 of a co | n, ¢l ai m<23, wherein
Rlerr] is sel ecte % TofRg %éﬂ’r@? %1% 5@{# thé :.rﬁmunonhsl

exhibits rotamase activity and the neurotrophic

compound inhibits the rotamase activity of the

immunophilin.

23. The -neurotrophic compound of claim 22, wherein the

FKBP-type immunophilin is FKBP-1l2.

24. Use of a non-immunosuppressive compound having an
affinity for FKBP-type immunophilins for the treatment

of a neurological disorder in an animal.

25. The use of the non-immunosuppressive compound as claimed in claim 24,
wherein the FKBP-type immunophilin is FKBP-12.

26. The use of the non-immunosuppressive compound as claimed ia claim 24,
wherein the neurological disorder is selected from the group consisting of

peripheral neuropathies, and neurological pathologies related to

neurodegeneration.
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(JLerr]-err] straight o Oéll?ﬁﬁmﬁi lﬂiﬂﬁ[l] - R 4ﬁtﬁéﬁ%¥$ﬂ?ﬁs{ o

25. The use ef any of cl

formul a
hydrate thereof

Ifyt—ester—ot1 h{

U

N- gl yoxyI pro
OfL amn eutically ad

t
V\/nere R[err] represents p@g[err]b(}g[ tr

D

straight or branched chain al kyl or al kenyl 6§roup opt ilonal.ly--substi-# uf ed
with C3-C6 cycl oal kyl, - or Ar[err], where Ar[grr] is selected from
t he group consisting of 2-furyl, 2-thienyl, and phEIyl, and ~ Z

t b, hed ch | ken wh
RSN ot AT TR R e S e i 54

defi ned above,

wherein the neurological disorder is Alzheimer's disease.

28.  The use of the non-immunosuppressive compound as claimed in claim 24,

wherein the neurological disorder is Parkinson's disease.

29.  The use of the non-immunosuppressive compound as claimed in. claim 24,

wherein the neurological disorder is amyotrophic lateral sclerosis.

30. Use of a neurotrophic compound having an affinity
for FKBP-type immunophilins for promoting neuronal

regeneration and growth in mammals.

31.  The use of the neurotrophic compound as claimed in claim 30, wherein
the FKBP-type immunophilin is FKBP-12.

32. Use of a compound having an affinity for FKBP-type

immunophilins for preventing neurodegeneration in an

animal.

33. The use of the compound as claimed in claim 32, wherein the FKBP-type
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- Cé-C[err] cycl oal
3-, or 4-pyridyl,

substltuents mhlch a
" hydrogen and C[err]-Cerr] al koxy. 26. The use of jany of clains 1p
of a conmpound as defined in claim25 wher® n Z and Rl eqr] &ré Julpassi | {c
groups. 27. The use of any of clainms 15-20 of a cdnpound as defi ngd
in claim25 whildmuRenisled okf tFERE -12 - 3- (2, 5-di net hgxyphenyty=1-propy

(2S)-1-(3, 3-di net hyl -
3- (2, 5-di met hoxyphenyl ) -1-prop-2-(E)-enyl (25)-1-(3,3- dinethyl-

2- di oxopentyl)
3-(3,4,5-trinet

- 2- pyrrolldlnecarbo

(28) 1-(2- t ert -GR&

3- phenyl - 1- pr opyl

wn

10

15

|

Ar2 wher e Ar[ IemEdfromZ-
!I,"ZW!ILummu llll sglr]:g%”ed frfémét}j)he gzgéﬁrﬁ% ]ERSS: ﬁﬂri Df

PO

1, 2- dioxopentyl) -2-pyrro|idinecarboxylate;

-2- pyrrolldlnecarbo

Hoxy phERHIREER A X#%Y%(% BE Yt fSFeT, eompanasiosént yl)

where

1

ﬁylate 3- phenyl - 1- pr opyl

LA oxoet hyl ) - 2- pyrrolidi necar boxyl at e;

(2S)-1-(2-cycl ohexyl et hyl -1, 2- di oxoet hyl) -

4N (Y —z

AN
X

Rl

is a C,-C; straight or branched chain alkyl
or alkenyl group optionally substituted with
C, to C; cycloalkyl, or Ar,, where Ar, is
selected from the group consisting of 2-
furyl, 2-thienyl, or phenyl;

is selected from the group consisting of
oxygen and sulfur;

is oxygen; and-

is hydrogen, a C,-C; straight or branched chain alkyl or
alkenyl, wherein the alkyl chain is
substituted in one or more positions with Ar,
as defined above, C;-C, cycloalkyl, Ar, where
Ar, is selected from the group comsisting of

2-, 3-, or 4-pyridyl, or phenyl, having one
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2-pyrrolidinecarboxyl a
(2S)-1-(2-cycl ohexyl et
3-(3-pyridyl)-1-propyl
“2-pyrrolidinecarboxyl ate; < hemgg - 1- pr opyl

[REPL ACFI??"‘S?"

te; 3-(3-pyridyl)-1-pr I S S W ) e«
tyI-1:2:didxoeth 1)-0 1 JUN 1999
AR = btk tg@fj

(2S)-1-(3, 3-di net hyl -1, 2- di oxopentyl) - 2- pyrrolidi necar boxyl até;

yl)

e 3- (3-pyridyl)-1-propyl (2S)-1-(2-cycl ohexiyl-1,2-di oxget h
2- pyrrolidinecarboxyl at e; '

3- (3-pyridyl)-1-propyl , .
(29)-N-([ 2- thienyl]gIyox?P)thﬁ??réppg¥aé3épgﬁxygaggyare independently

3, 3-di phenyl - 1- propyl (2S):1- 3 3.di -1, 2-di_oxobu
2- pyrrolldlnecarboxylateselec eg §r8thB%ygfb?PpF8 F5&¥n% of

(2S) - 1- cycl ohexyl gl yoxyl - rroli.dj ar. and
3, 3-di phenyl - 1- pr opyl I?Xd{ 8% ; %q fg 2- pyrrolidi necar boxyl

provided that when Z is H, then R, cannot be methyl,

isopropyl, isobutyl, benzyl, or 2-(3,4-dichlorophenyl)ethyl.

35. The neurotrophic N-glyoxyl prolyl ester compound

of claim 34, where Z and R, are lipophilic groups.

36. The neurotrophic N-glyoxyl prolyl ester compound
according to claim 34 that is selected from the group
consisting of:

3-(2,5-dimethoxyphenyl) -1-propyl. (2S8)-1-(3,3-
dimethyl-1,2-dioxcpentyl) -2-pyrrolidinecarboxylate,

3-(2,5-dimethoxyphenyl) -1-prop-2- (E) -enyl (2S)-1-
(3,3-dimethyl-1,2-dioxopentyl) -2-pyrrolidine-
carboxylate,

-(3,4,5-trimethoxyphenyl) -1-ethyl (2S)-1-(3,3-

dimethyl-1,2-dioxopentyl) -2-pyrrolidinecarboxylate,

3-(3-Pyridyl) -1-propyl (2S8)-1-(3,3-dimethyl-1,2-
dioxopentyl) -2-pyrreolidinecarboxylate,

3-(2-Pyridyl) -1-propyl (2S)-1-(3,3-dimethyl-1,2-
dioxopentyl) -2-pyrrolidinecarboxylate,

3~ (4-Pyridyl) -1-propyl (2S8)-1-(3,3-dimethyl-1,2-
dioxopentyl) -2-pyrrolidinecarboxylate,

3-phenyl-1-propyl (28)-1-(2-tert-butyl-1,2-
dioxoethyl) -2-pyrrolidinecarboxylate,

3-phenyl-1-propyl (2S)-1-(2-cyclohexylethyl-1,2-

THF'f{:JnASB
— REFLACED

e et st
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28. The use of any of ' 15-20 of a conpound

Cor ] o phamm’” T e =o' saﬁaﬁﬂ‘?\gﬁp‘%\ _
wher e Zis the f » Hl L EMED

[err] ) wher e R3 is sélelted from . -st} ght or branc ed
Cerr]-Clerr] alkyl optionally substitutedggwith C3-C8 cyc oalkyﬂ oy
Ar[err] as defined above, and

dioxoethyl) -2-pyrrolidinecarboxylate,

3-(3-pyridyl) -1-propyl (25)-1-(2- cyclohexylebnyl-
1,2-dioxoethyl) -2-pyrrolidinecarboxylate,
3-(3-pyridyl) -1-propyl (2S)-1-(2-tert-butyl-1,2-
5 dioxoethyl)-2-pyrrolidinecarboxylate,
3,3-diphenyl-1-propyl (2S)-1-(3,3-dimethyl-1,2-
dioxopentyl) -2-pyrrolidinecarboxylate,
3-(3-pyridy1)-1-progyl {28) -1-{2~-cyclohexyl-1,2-
dioxoethyl) -2-pyrrolidinecarboxylate,
10 3-(3-Pyridyl)-1-propyl (2S)-N-([2-thienyl]
glyoxyl)pyrrolidinecarboxylate,
-3,3-Diphenyl-1-propyl (28)-1-(3,3-dimethyl-1,2-
dioxobutyl) ~-2-pyrrolidinecarboxylate,
3,3-Diphenyl-1~-propyl (28)-1-cyclochexylglyoxyl-
15 2-pyrrolidinecarboxylate, and
3,3-Diphenyl-1-propyl (25)-1-(2-thienyl)glyoxyl-

2-pyrrolidinecarboxylate.

37. A pharmaceutical compesition comprising a
neurotrophically effective amount of the N-glyoxyl
20 prolyl ester compound of claim 34 and a

pharmaceutically acceptable carrier.

38. Use of the neurotrophic N-glyoxyl prolyl ester
compound of claim 34 for the treatment of damaged

peripheral nerves.
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-unsubstituted Ar [ err] SZ%EE:C ed
f-rom t he group conS| stl m ’&m&m err] CGREP&JP@&EM@M
al kyl and al kenyl ; HI' m uﬂ:[from t he group consisting of
phenyl, benzyl, C[err] C[err] striai ght *or branched al Kyl _or alkenyl. and

Clerr]-C5 strai ght or branched al kyl or al kenyl substﬁ%}gg“, 'q.

29. Use of a conpound substantially as h_%ei nbefore (

JUN 1959

9.

The use of neurotrophic N-glyoxyl prolyl ester campound
having an affinity for FKBP-type immunophilins for treating a neurvlogical
disorder selected fran the group consisting of peripheral neuropathies, and

neurological pathologies related to neurodegeneration in an animal.

40. The use of the neurotrophic N-glyoxyl prolyl ester compound as claimed

in claim 39, wherein the FKBP-type immunophilin is FKBP-12.

41. The use of the neurotrophic N-glyoxyl prolyl ester compound as claimed

in claim 39, wherein the neurological disorder is Alzheimer's disease.

42. The use of the neurotrophic N-glyoxyl proly! ester compound as claimed

in claim 39, wherein the neurological disorder is Parkinson's disease.

43. The use of the neurotrophic N-glyoxyl prolyl ester compound as claimed

in claim 39, wherein the neurological disorder is amyotrophic lateral sclerosis.

4. (25)-1-(1,2dioxo-3, 3-dimethylpentyl)-2-pyrrolidine-carboxylic acid.
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