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BACKGROUND OF THE I NTENTION 1. Field of the Invention This inventj R

rel ates to neurotrophic conpounds having an-affinity for FKBP—tyb@‘Yzm‘

i mmunophilins, their 10 preparation and use as inhibitors of the enzyne
activity associated with i munophilin proteins, and particularly

i nhibitors of peptidyl-prolyl isonmerase or rotamase enzyne activity. 2.
Description of the Prior Art is The term i nmunophilin refers to a nunber of
proteins that serve as receptors for the _principal inmunosuppressant
drugs, cyclosporin A (CsA), FK506, and Hanany0|n Known cl asses of

i mmunophilins are cyclophilins, and FK506 binding proteins, such as FKBP.
20 Cycl osporin A binds to cyclophilin while FK506 and rapamycin bind to
FKBP. These |nnunoph|I|n drug conplexes |nterface with a vari ety of
intracel lul ar SH & HIBHTOR BOMATRDEC ENE :

system and t he nervous systen1 25 Innunophlllns are knomn to have
peptidyl-prolyl 7 MAY 2004 2 isonerase (PPl ase) or rotamase enzyne
activity. It has been determ ned that rotamase activity has a role in the
catal yzation of the interconversion of the cis and

BACKGROUND OF TEE TINVENTION

1. Field of the Invention

This invention relates to neurotrophic compounds
having an-affinity for FKBP-type immunophilins, their
10 preparetion and use &s inhibitors of the enzyme
activicy associated with immunophilin proteins, and
particularly inhibitors of peptidyl-prolyl isomerase or

rotamase enzyme activity,

2. Description of the Prior Art

15 The terﬁ immunophilin refers to & number of
proteins that serve as receptors for the principal
immunosuppreésant drugs, cyclosperin A (CsA), TKS0g,
and rapamycin. Known classes of immunophilins are
cvclophiling, and FKS0€ binding prcoteins, such as FKBP.

20 Cyclosporin 2 binds to cyclophilin while FKS506 and
rapamycin bind to FKBP. These immunophilin-drug
complex2s interfage with 2 varigty of intracellular
signal transducction systems, especially in the immuns
svstem and the nervous system,

25 Immunophilins are known to have peptidyl-prolyl



trans isomer of immunophilin proteins. 5 Imunophilins were originally

di scovered and studied in imune tissue. It was initially postulated by
those skilled in the art that inhibition of the immunophilins rof &thseh
activity leads to the inhibition of T-cell proliferation, thereby causing
the 10 i nmunosuppressive action exhibited by i mmunosuppressive drugs such
as cyclosporin A FK506, and rapanycin. Further study has shown that the
inhibition of rotanase activity, in and ef itself, is not sufficient for

i mrunosuppressant activity. Schreiber et al., science, 15 1990 vol. 250 pp.

556-559_ It hassbeenasdo\wrihet)tbe rboumAsRhih:Pzdr UG- ¢Q0D] exes interact
wWth ternary protein targets as their node of abtion?tgggggrbe§=eFasal.,

Cel |, 1991, vobeefb6iepprmBOdd 8dlat | Aot ARz EaSLc0v; FKBP; FKS06 and. FKBP- CsA,
t he drug-i nmunophilin 20 conpl exes bind to the enéy%gg%gr%iﬁ%g?ih?

inhibitory T- ‘et |caechptari @i gngl thagiheaed s d O ilsy Cet | roliferation.
Simlarly, the conplex of rapamycin and FKBP int ezf%%tcg’v&lf‘g The ¥ET1/ FRAP

protein and i mwdng sisognadt i igndtesni hen Id-ad d8eeptor. 25 | nmunophi lins
have been found to be present at high concentrations in the central

nervous syStem - | mmpﬂﬂMSarveem\rdﬁﬁhalﬂﬁQﬂé&Rﬁef%%@ t he
20

central nervous systemthan in the i mune system 7 MNAY W t hi n
neural tissuesstudwamdrhiinmssappeaiud 0 Jimfdaserl(iﬁ_t_rleg{rlqpﬁj . 06ESS:
extension, nitric oxide synthesis, and neurotransmtter el eass ~o°
by thosa skilled in the art that inhibition of the
immunophilins rotamase activity leads to the inhibition
of T-cell proliferation, thereby causing the
10  immunosuppressive action exhibited Py immunosuppressive
drugs such as cyclosporin A, FX506, 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,
15 1990 vol. 250 pp. 556-559. It has been chown that the
immunophilin-drug complexes interact with ternary
protein targets as their mode of action. Schreiber et
al-, Ce11, 1991, vol. 66, pp. 807-815. In the case of
FKBP-FK506 and FKBP-CsA, the drug-immunophilin
20 complexes bind to the enzyme caleineurin, inhibitofy T~
cell receptor gignalling leading to T-cell
proliferation. Similarly, the complex of rapamyein and
FKBP interacts with the RAFT1/FRAP protein and inhibits
signalling from the IL-2 receptor.
25 Immunophilins have been found to be present at
high concentrations in the central nervous system.

Immunophilins are enriched 10-50 times more in the

ceneral nervous system than in the immunae system.



It has been found that piconolar concentrations of 5 an imMmunosuppressant
such as FK506 and rapamycin stinulate neurite out growmh in PCl2 calls and

sensory nervous, nanely dorsal root ganglion cells (DRGs). Lyonﬁ ﬁ&m@ka
Proc. of Natl. Acad. Sci., 1994 vol. 91, pp. 3191-3195. In whol e’ad
experinments, FK506 has 10 been shown to stinulate nerve regeneration
followng 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
causi ng a neur BEFBphi BeErRdcitisopess émmainopthdsess iandidigs wdiggest the use
of i munosuppressants in treating various peripheral neuropathies and
enhanci ng neutBRAFERERr BREAORA 1t BECSEAE aktresy ons systra® NY.  Studies
have denonstrated that neuroqdegenerative 20 disorders such as Al zheiner's
di sease, Par ki P¥BRN8S18i sehdenenrgtaApSTLophcrkatesal. sclerosis (ALS) may
occur due to the loss, or decreased availability, of a neurotrophic

subst ance speci fic Ferbaspheenctipand, thpspniaviohanf coaueans safibeet g2 in

t he disorder. 25 Several neurotrophic factors effecting specific neuronal
popul ati on irﬁ?rﬁﬂm%ﬁﬁﬁV%PrﬁEF%BEssﬁ9§téﬁ1ﬁ&ﬁ@ﬁ dednriadentichiihed- For
exanpl e, it has be hypot hesi zed that Al zheinmer's disease results froma
decrease or 7 IMA™E %5@?%%16? AT vE* G oM H f BEL Dr c¢ NGF) anbit shagotpus been
proposed to tre Al zheiner. s gatie ts with exogenous nerve growh factor
or other neurdtropme grEtethsdeigyl root ganglion cells (DR@s) .

Lyons et al., Proc. of Natl. Acad. Sci., 1994 vol, 91,
PP- 3191-31595. 1In 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 neurcdegenerative

20 disorders such as Alzheimeyr's digsease, Parkinson’c
disease, and amyotrophic lateral sclerosis (ALS) may
occur due to the loss, or decreased availability, of a
neurotrophic substance specific for a particular .
population of neurons affected in the disorder.

25 Several neurotrophic factors effecting specific
neuronal populations in the central nervous system have
been identified. For exémple. it has been hypothesized

that Alzheimer’'s diseases results from a degrease or



as brain derived nerve factor (BDNF), filial derived 5 nerve factor,
ciliary neurotrophic factor, and neurotropin-3 to increase the survival of
degenerating neuronal populations. Cinical application of thesfé@&?@ i ns
in various neurological disease states is hanpered by difficult in
the delivery and bioavailability of |large proteins to nervous system
targets. By contrast, i mmunosuppressant drugs with neurotrophic activity
are relatively small and display excellent bioavailability and
specificity. However, when adm nistered 15 chronically, inmunosuppressants

exhibit a nu I .Of, = ti j sixeef fects includ
mheL0h- pateR ggid%ﬁ@fc%%o n(ebfr&ﬁl). 1 hdd Eh n

nephrot oxi city, such as inpdairnent o ar

| [reversible CBLERSEL! 18l thihioshe oD a%'iﬁmjs9%qrﬂﬁ>§q”%ﬁq%%mrs or

Nephrol _ 1!162); "neurol ogi ca uch —as i nvo

non-specific ebr.a L uch,.a Qn- | headaches. ( De oen et
ol PO i T Ft s B s Sl il Sl

conpli cationszEegylthngert hekehbeRa( fabhan Lt gdle 1«33%&?6@&%{"# . Med. 321

25 1725). In order to prevent the side effects associat se of the

| Munosuppy essaple CogpeYRds et hg -y PHEseRE rhRyent EQBtBE’OViﬁ%‘%‘S
non- i nmunosuppressive 7 MAY M4 5 “conpounds®containing’s nol ecul e FKBP

rotamase i nhhbitetsobok- DI BOLLBGRGHS ORI sAEOMA12BE ALBEANSLALiQN N
various neuropathol ogi cal situations
neurconal populations.
Clinical application of these proteins in various

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 bioavailability
and specificity. However, when administered

15 chronically, immunosuppressants exhibit a number of
potentially serious side effects including
nephrotoxicity, such as impairment of glomerulay
filtration and irreversible interstitial fibrosis (Kopp
et al., 19%1, J. Aam. Soc. Nephrol. 1:162); neurological

20 defieits, such as inveluntary tremors, or non-specific
cerebral angina such as non-localized headachec (be
Groen et al., 1987, N. Engl., J. Mad. 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

bregent invention provideg non-immunosuppressive



where neuronal repair can be facilitated including 5 peripheral nerve
damage by physical injury or disease state such as diabetes, physical
damage to the central nervous system (spinal cord and braln) br g madamage
associated wth stroke, and for the treatnment of neurol ogical disorders
rel ati ng to neurodegeneration, 10 including Parkinson' s disease,

Al zhei mer' s di sease, and anyotrophic |ateral sclerosis. The present
SUMVARY OF THE I NVENTION invention relateg to a novel class of neurotrophic
conmpounds having an affinity for FKBP-type |5 "immunophilins. Once bound

to this protel gohiguRadr ahhanhig ncOURAYda3Le, Rat ¢alyd NbILors of the

enzyne activity assocl at € nnunopﬁl ' prote HFaFEsE cul arl y

t t d
EﬁtSPﬁifhe”iVE§§338&¥EE¥UFEQ§F?Bﬁ8L%%hpounkoﬂgr“%%é°5?eeéﬁ?ePﬁiini?SnaPs

that they do n i £ t ssihve.,activity in
addltlonyto thg%?gﬁﬁgﬁFgggoﬁhgghaggﬁs ?§h§§EQ g 9e5 énﬁ&duﬁéﬁpnéf this

invention is ay n ph dy,of Y 1004 6 R
where RI i se|%%?%dﬁ??§%??he*8$%8§p§§ﬂsF§tF%Egéﬁeﬁggf #Bght or

br anched ChalQp@%%ﬁh&?élaﬁg§9¥ld9ﬁ9§9 by physical injury or disease
state such as diabetes, physical damage to the centyal
nervous system (spinal cord and brain) brain damage
assoclated with stroke, and for the treatment of
neurological disorders relating to'neurodegeneration,
10 including Parkinson’s disease, Alzheimer’s disease, and

amyotrophic lateral sclerosis.

SUMMARY OF THE INVENTION
7 The present 1nvent10n relates to a novel class of
.neurotrophlc compounds hav1ng an afflnlty for FKBP-type
15 :1mmun0ph111ns Once bound to thlS prot51ﬂ-the
neurotrophlc compounas are potent 1nh1bltors of the
enzyme act1v1ty assoc1ated with 1mmunophllln proteins
and part;cularly rotamase enzyme activity, thereby
ctimulatcing nguronal-reggngfatian and outgzowth. A key
20 feature of the compounds of the present invention ig
thet 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:




5 optionally substituted with C3-Cs cycloal kyl, C. or C5 cycloal kyl, CS-C

cycl oal kenyl ,

Arl, where said alkyl, alkenyl, cycloal kyl or cycl oal kenyl

groups nmay be optionally substituted with C1-C4 alkyl, C1 C4 ?I5ﬁ2 l, or
hydr oxy, where Art is selected from 10 the group consisting of iy %%hyl,

2- napt hyl ,
3-thienyl,
whi ch are

i ndolyl, 3-indolyl, 2furyl, 3-furyl, 2-thiazolyl, 2-thienyl,

2-,3-, 4-pyridyl, and phenyl, having one to three substituents
i ndependently sel ected fromthe group consisting 75 of hydrogen,

hal o, hydroxyl, nitro, trifluoronethyl, Cl1-C6 straight or branched al kyl

or al kenyl,

Cl-C4 al koxy or d-C al kenyl oXy, Phenoxy, benzyl oxy, and

amno; X is selected fromthe group consisting of 7 MAY 2004 7 oxygen,

sul fur, nethylene (G2} or h2. Yis
NR,, where R is hydrogen/or
fromthe group consisting of C2- C6
al kenyl, wherein the alkyl chain is stibsti

oxygen or

ected fromthe group consisting of
alkyl; and 5 z is sel ected
r —brdnched chain al kyl or

uted in one or nore positions

with Ar, as defined above, C3-CBy 10 ¢ycl ogl kyl, cycloal kyl connected by a

Cl1-C6 straight or unbranched alkﬁh
selected fromthe group consistin

10

kenyl chain, and Ar2 where Are is
indolyl, 3-indolyl, 2-furyl, 3-

where

R, is selecteg frow the group consisting of a C,-C,
‘straight or branched chain aikyl or alkenyl group
optionally substituted with C,-C, cycloalkyl, C, or
Cs cycloalkyl, C.-C, cycloalkenyl, Ar,, where said
alkyl, alkenyl, cycloalkyl or cycloalkenyl groups
may be optiocnally substituted with G -Cy alkyl, ¢,-
C, alkenyl, or hydroxy, where Ax, is selected from
the group consisting ¢f 1-napthyl, 2-napthyl, 2-
indolyl, 3-indolyl, Z=Turyl, 3-fuwryl, 2-thiazolyi,
2-thienyl, 3-thienyl, 2-,3-, 4-pyridyl, and
phenyl, having one to three substituents which are
independently selected from the group consis£ing
of hydrogen, hale, hydroxyl, nitro,
trifluoromethyl, C,-C, straight or branched

alkyl or alkenyl, C,-C, alkoxy or C,-cC, alkenyloxy,
Rhenoxy, benzyloxy. and amino;

X is selected from the group consisting of



furyl, 2- thiazolyl, 2-thienyl, 3--thienyl, 2-, 15 3-,"'or 4-pyridyl, and
phenyl, having one to three substituents which are independently selected

from the group consisting. of hydrogen, halo, hydroxyl, nitro,
trifluoromethyl, cl-C6 straight or branched alkyl or al kenyl, C7-MM Alikoxy
or Cl1-C4 al kenyl oxy, 20 phenoxy, benzyloxy, and am no; Z may al so be the
fragnent: 0 CH | 2 RL. 7 MAY 2004 8 where R3 is selected fromthe group
consi sting of straight or branched al kyl € -ca Optionally substituted with
C3-Cg cycloal kyl, or Arl as 5 defined d 10 above, and unsubstituted Arl; X2

is 0 or NR5, where R isospbes!esuifrom therhgronp ¢essi sting.of hydrogen,

S
ci-C6 straight or branched al kyl and al kenyl; R4 is gélé%t ‘fromthe

group consi sting ofy phgnylggtgﬁg@ﬁ,fréa-gﬁes f@ﬁgh% Rgigngncheg .alky! or
al kenyl, and O -C5 straight or branched al kyl or a %eny “stiBsPrtuted with
phenyl; or pharmaceuti cablygacceptil), e wdRlleS R, is hydrogen or C, ~C,
alkyl; and
5 A is selected from the group consisting of C,-
C; straight or branched chain alkyl or
alkenvl,
wherein the alkyl chain is substituted in one or
more positions with Ar, as defined above, C,-C,
10 cycloalkyl, cycloalkyl connected by a C,-C;
straight or unbfanched alkyl or alkenyl chain, and
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-, |
15 3-, or é—pyridyl, and 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,
20 phenoxy, benzyloxy, and amino;

Z may also be the fragment:

CEIIJ X, R4
:



or hydrates thereof. is - Another preferred enbodiment of this invention is
a neurotrophic conpound of the formula; Z Rl 7 MAY 2004 9 where R, is a
Cl-C9 straight or branched chain alkyl or al kenyl group optional
substituted with C3-C8 cycloalkyl, C, or C5 cycloalkyl, C5-C7 5 7FMW2%$
cycl oal kenyl, or Arl, where said al kyl, alkenyl, cycIoaIkyI or

cycl oal kenyl groups may be optionally substituted wwth d-C, alkyl, C-C,
al kenyl, or hydroxy, and where Arl is se%ected fromthe group consisting
of 10 1-napthyl, 2-napthyl, 2-indolyl, 3-indolyl, ,2-furyl, 3-furyl,
2-thiazolyl, Zwﬁgf nyl, 3-thienyl, 2-,3-, or 4-pyridyl, or phenyl, having
one to three substltuents whi ch are independently sel ected fromthe group.

15 consi sting of hygrog dyd 20 25 nitro, trifluoronethyl,
d -C6 straight or branSEZdQ@1 orfg?%eE9? gfﬁF?:c%Pﬁbiylng €f- C,

al kenyl oxy, phenoxy, X C C6 straight or
branched chain al kyl % % ? mH%g%?gh?%eagﬁ%yl-cﬁh|ﬁDtsonamb§t|tuted
in one or nore p05|t|on%dﬁgéhg§%ed with C,-C, cycloalkyl

Or Ar, as
5 defined above, and unsubstituted Ar,
17
X, is O or NR;, where R, is selected from the

group consisting of hydrogen, C,~-Cs straight
or branched alkyl and alkenvy];
R, is selected from the group consisting of

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

15 ' Another preferred embodiment of thisg invention is

2 neurotrophic compound of the formula:



as defined above, C, -Ca cycloal kyl, cycloal kyl connected by a Cl-C6
strai ght or unbranched al kyl or al kenyl chain, or Ar, where Ar2 is
selected fromthe group consisting of 2-indolyl, 3-indolyl, 2-furyl,
3-furyl, 2- thiazolyl, 2-thienyl, 3-thienyl, 2-, 3-, or 4-pyridy} MAPIID
phenyl, having one 7 MAY 2094 10 to three substicuents which are

i ndependently Y selected fromthe group cpnsisting hydrogen, halo,
hydroxyl, nitro, trifluoronmethyl, C -C6 straight or branched 5 alkyl or
al kenyl, C, -C4,ghkaxy or Cl-C4 al kenyl oxy, phenoxy, benzyloxy, and am no;
or pharmaceutically acceptable salts or hydrates thereof. Another

preferred enmbodi neng of the,i pventienJj r ot rophi c, conpound havi ng
an affinity for FKBP:type ?nnbn@pﬁilﬁ# h&hf%ﬁ |éhﬁ§§§14h§HQn%%ﬁéb

activity of ~the InminophilhnkeADotbebuBr 8Eetpad, eybadient of Lhe present

Invention is a nmethod for treatihg neur of ogi calr ani mal

conprising adm ni steringeac,therapgyiigal by gffectd ampunt of a conpound
having an affinity for FKBPftyge I mu ophigihé @hf%%ﬁpéﬁkﬁls‘%fﬁe rot anase

activity of the i munophtyélaaf@iPer BreAs!r d subadinent, of, the invention
Is a 20 nethod of pronoting neur onal regeneration and‘gro in
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 l-napthyl, 2-napthyl, 2-indolyl, 3-indolvyl,
,2-furyl, 3-furyl, 2-thiazolyl, 2-thienyl,
3-thienyl, 2-,3-, or 4-pyridyl, or phenyl,
having one to three substituents which are
independently selected from the group -
15 consisting of hydrogen, haleo, hydroxyi,
nitro, trifluoromethyl, C,-C, straight or
branched alkyl or alkenyl, C,-C, alkoxy or C,-
C. alkenyloxy, phenoxy, benzyloxy, and aming;
y4 is a C,-C; straight or branched chain alkyl
20 ox alkenvyl, wherein the alkyl chain is
substituted in one or more positions with Ar,
ac definad above, (C,-C; ¢ycloalkyl,
cycloalkyl connected by a C,-Cy straight
or unbranched alkyl or alkenyl chain, or Ar,
25 where Ar, is seiected from the group
consisting of 2-indelyl, 3-indolyl, 2-furyl,
3-furyl, 2- thiazolyl, 2-thienyl, 3-thienyl,

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



manmal s, conprising adm nistering to a mammal an effective anbunt of a
neur ot r ophi ¢ conpound having an affinity for FKBP-type inmunophilins which

inhibits the rotamase activity of the immunophilin. 25 Yet anot@p&
preferred enbodi nent of the invention is a method of preventing AY 2004
neur odegeneration in an aninmal conprising admnistering to an animal an

ef fecti ve anount of e neurotrophic conpound having an 7 MAY IN 11 affinity
for FKIBP-type i munophilins which inhibits rotamase activity of the

I mmunophi | i n, Another preferred enbodinen%ois a neurotrophic N gl yoxyl

prolyl ester compound of Bhg fornuBE Rl 5 where 10 Rl is a O--C5
strai ght or branched chan FE§F SaPPHHPFngGmpnopteo ﬁh%%e%ﬁ%?EItUted
is selected fromt é oup

with C3to C cycloalkyé % £ where Ari
consisting of 2- furyl, t |enyl 8P phengroux tensebechgdokr om the group

consi sting of oxygen a and 15 Z iS a straight or
branched chain alkyllorq%g%%%%%?ﬁ %%%?e R¥$ﬁ%xﬁlky¢lthajn IS substituted
in one or nore pOSItlon&iMffh$¥dmethyl, C,-C¢ straight or

h T branchea
5 alkyl or alkenyl, C.-C, alkoxy or ¢ C
. 17y
alkenyloxy, phenoxy, benzyloxy, and amino; or
pharmaceutically acceptaple salts or hydrates
thereof.
Another preferred embodiment ©f the inventiop i
s a
10 neurotrophic compound having an affinicy for FKBP-t
ype

1mmunonh111ns which inhibit the rotamase activit
Yy of

the immunophilin.

15 disorder in an animal comprising administering a
therapeutically effective amount of a compound having
an affinity for FKBP-type immunophiling which inhibits
the rotamase activity of the immunophilin.

Another preferred embodiment of the invention is a

20 method of promoting neuronal Tegeneration and growth in
mammals, comprising administering to a mammal an
effective amount of g nheurotrophic compound having an
affinity for FKBP- type immunophilins which inhibits the
rotamase activity of the lmmunophilin,

25 Yet another preferred embodiment of the invention
is a method of preventing neurodegeneration in an
animal compriging adminiscering to an animal an

errfeerive amount of a neurstrdphic compound having an



as defined above, Cl1-Cs cycloal kyl, Ar, where 7 MAY MM 12 Ar2 is sel ected
fromthe croup consisting of 2-, 3-, or 4-pyridyl, or phenyl, having one
to three substituents which are independently selected fron1thzgﬂﬁ?M?
consisting of 5 hydrogen and C=-C, al koxy. Particularly preferr
neurotrophi c N-glyoxyl prolyl ester conmpounds according to the above
formula are selected fromthe group consisting of: 3- (2,

5-di net hoxyphenyl) -1-propyl (25)-1-(3,3-;40

di met hyl - 1, 2- di oxopentyl ) -2-pyrrolidi necarboxyl ate, 3-

(2, .5-di met hoxyphenyty)y rdrprrRBe2rvhE) it (2o N AR
-(3,3-dinethy|-|,2-di%xopenty|)-2¥%§r?3ﬁ?§?ﬁgfggg?bg%ﬁFFaﬁéhlb1ts
2-(3, 4, 5-tri netboxy@benyty ivit et by  £25) mdnnb3n3: 1 45 .
dlnethyl-l,2-d|oxopentyl)-2-pyrrol|d|necarboxyP.a%éf 3- (3-Pyridyl)
-1-propyl (29) -1- AdetBedi pRéfytréd Emsl tyl)= »
2-pyrrolidinecarboxyl at e, gg?é(Z-Pyrid???e¥ﬁ?%?o%%la(ﬁgfrpfFOP§}C N-

3-di et hyl - 1, g&ym&yn«pMﬁﬁyd)eﬁt@yréémﬁdﬁﬂ&cafbggglgégmul Q0 3- (4-Pyridyl)
-i-propyl (2S) -1- (3,3-dinmethyl-1,2 dioxopentyl)-2-Pyrrofidi necarboxyl at e,
3-phenyl -1 -propyl (2S)-1-(2-tert-butyl-1, 2-

di oxoet hyl ) - 2-pyrrolidi necarboxyl ate phenyl - | - pr opyl
(2S)-1-(2-cycl ohexyl ethyl -1,2- 25 difoxoat hyl yo2-pyZ rol i di necar boxyl at e,
3-(3-pyridyl)-1-propyl (2S)-1-(2-cyc X

1, 2-di oxoet hyl ) - 2- pyrrol i di necar boXy?.at e,
Ch§7/’k§3 0

R

where

L is a Cf&% straight or branched chain alkyl
or alkenyl group optionally substituted with
C; to & cycloalkyl, or Ar,, where Ar, is
10 cselected from the 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 A 1s a straight or branched chain alkyl or
alkenyl, wherein the alkyl chain is
substitutsd in one or more positions with Ar,

Ac defined above, {,-C, .cycloalkyl, Ar, where



(2- tert-butyl-1, 2_ 7 MAY 1004 13 di oxoethyl)-2-pyrrolidinecarboxyl ate,

3, 3-di phenyl - | -propyl (2S)-1-(3, 3-di nethyl-I, 2-

di oxopentyl)-2-pyrrolidinecarboxylate, 3- (3-pyridyl) -1-propyl 7(ig&)zug41-
(2-cycl ohexyl -1,2 5 di oxoet hyl)-2-pyrrolidinecarboxylate, 3- (3-Pyridyl)
-l-propyl (2S) -N- ([2-thienyl] (glyoxyl)pyrrolidinecarboxyl ate,

3, 3-Di phenyl -I -propyl (2S)-1-(3,3-dinethyl-1,2

di oxobutyl)-2-pyrrolidinecarboxylate, 10 3,3-D phenyl -1 -propyl

(2S)-1-cycl ohexyl gl yoxyl - 2-pyrrolidi necarboxyl ate, and

3, 3- Di phenyl -1 - propyl (28k,i i62stheeawh) gbypaxyia g;gﬁrrolidLneqarboxyIate_
BRI EF DESCRI PTI ON OF THE DRAW NGS 15 Figure 1 1§ & phot GRREL§§Eaghodf chi ck

dorsal root ganglia treated3w,thrvarigys £anc tions of Exanple 17 as
i ndi cated. Figure 1 shows that Exanpl é:@‘%?d%?'t%gt Ej%regérgnt ?ial’ﬁié?a iore

potently pronotes neuriteocouhgeewshbsicA t58ASQr YREUr Qnal .cul tures. Expl ant
cultures 20 isolated formenbryonic, day 9 - 10h2§#c ~dorr§&EPeSgentdangl i a

were treated with variouseteatedt fabinoBReOhrofXappLe; 1/ as indicated..
Forty-eight hours later., the nunber of neurig%se h%ﬁ%”‘@n&ﬁh greater than

one DRG exXplant was quathcﬂI@@‘mi.aﬂ'dineC{mIban_kg;cyneurites 25 expressed in
untreated DRG s was_subtracted formthe neuritée nunber of Exanple

17-treated sanpl es gg%@@rg(m@eﬁed&@@mﬂ%\ﬁoﬁﬁéiﬁri&}f—‘g}é{,{t ©
out gr owt h.
prolyl este? compounds according to the above formula
are selected from the group consisting of -
3-(2,S—dimethoxyphenyl)-l-propyl (25) -1-(3,3-
10 dimethyl—l,2-dioxopentyl}—2~pyrrolidinecarboxylate,
| 3- (2._5—dimethoxyphenyl) -l-prop-2- (E) -enyl (2S8)-1-
r(3,3~dimethyl-1,2-dioxopentyl)—2—pyrrolidine-
carboxylate, |
2-(3,4,$-trimethoxyphenyl)-1-echy1 (28) -1-(3,3-
15 dimethy;-l,2—dioxopentyl)-2~pyrrolidinecarboxylate,
3—(3-Pyridyl)-l-propyl (25)-1—(3,3-dimethyl—1,2-
diox0pentyl)-2—pyrrolidinecarboxylate,
3—(2—Pyridyl)-1-propyl (28)-1-{3,3~dimethyl—1,2-
dioxopentyl)-2-pyrrolidinecarboxylate,
20 3-{4-Pyridyl) -il=propyl (23)-1-(3, 3-dimethyl-1,2-
dioxopentyl)-2—pyrrolidinecarboxylate,
3-phenyl-1-praopyl (25)-1~(2—tert—butyl-1,2~
dioxoethyl}~2—pyrrolidinecarboxylate,
3-phenyl-1-propyl (ZS}—1~(2—cyclohexylethyl—l,2—
25 dioxoethyl)—2—pyrrolidinecarboxylate,
3-(3-pyridyl) -1-propyl (ZS)-l—(2-cyclohexylethyl—
1,2-dioxoethyl)—2—pyrrolidinecarboxy1ate,

3_f3=P}ff]‘_d}fl) —1-P:§§)’1 {25) al-{}_,[:gr:fbutyl_l 7.



7 MAY 2004 14 M crographs of Exanple 17 treated DRG s, as well as
quantitative dose-dependent neurite outgromh elicited by Exanple 17 are
presented. Figure 2 is a graph showi ng quantitation of 5 neuritﬁgﬂgtﬁiommh
in chick dorsal root ganglia treated wth various concentratio #
Exanple 17 as indicated. Figure 2 shows that Exanple 17 of the present
invention patently pronotes neurite outgrowh in sensory neuronal
cultures. Explant cultures isolated fornré%bryonic day 10 9 - 10 chick

dorsal root ganglia were tfeafed ritp vari ous ﬁ%ncentrations of Exanple 17
as indicated. ¢ ???5%¥§ht ROYT 91 LE RS “£RBORYABER: of neurite with a

neUri (oS oxpr essed 77 TSR AR DREFE0The (18) Shot§ abrGaMEBRIL thezneur  te
nurber of Exerpl S o (FR PO sampl £3, AL L d Bearpl o 17 dependent
elicLied, by Bxample, 17 4 Rigoenl sohodth FLau e, 3,) aphot o ¢f ograph of
Seiat ¢ nervos SPAan e ST R R IS Lot o' orushed at the
or it raliprd vehi o e e A i ot er S phc e S e blnt 31 days.
S?ng:stge{ﬁe%%yggyfyayrfgyfgﬂﬂécéy§a§§iiégpved and nerve 'segnments 2 nm
3,3-Diphenyl-l1-propyl (25)-1-(3,3-dimethyl-1,2-
dioxobutyl) -2-pyrrolidinecarboxylate,
10 3,3-Diphenyl-1-propyl (25) -1-cyclohexylglyoxyl -
2-pyrrolidinecarboxylate, and
3,3-Diphenyl-1-propyl (25)-1-(2-thienyl)qglyoxyl-

2-pyrrolidinecarboxylate.

BRIEF DESCRIPTION OF THEE DRAWINGS

18 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 outgrawth
in gensory neuronal cultures. Explant cultures

20 isolated form embryonic.day 9 = 10 chick dorsal rost
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 cubtracted form the
neurite number of Example 17-treated samples to yield

Example i7-dependent specific neurite outgrowth.



7 MAY 2004 15 crush site were sectioned and stained with Hol mes silver
stain (to assess axon nunber) and Luxol fast blue (to assess
renyel i nation). The m crographs show sciatic nerve sections of sham
operated rats, 5 vehicle-treated |esioned aninals, Exanple 1 and /IM#dilive
treated at 630x magnification, four animals per group. Figure 4 is a graph
of ['"H -CFT binding per g of Striatal Menbrane Protein. Figure 4 shows
that 10 neuroi munophilin |igands of the gﬁesent i nvention pronote
recovery of dopam ne neurons following MPTP treatnent of mce- CDlL, mce

25 t i i / P._(i.. f 5 d - Th
( g) were treatedgdabh¥ of‘k?a%gﬁg kg %BEFF%th§éﬁﬁg{é§ Eﬁgéghs 1615 (100

animals were also treated daily Wmth intra

mg/ kg s.c.) orcEXARPEer iva( 2 -pglkg_s.. as i ndi cat ed)
concurrently with the VETP éﬁgecgﬁF%gﬁggt gg?“gﬁéa88F5F8W5h s8ldajsedAft er

ei ght een days, bjhexamhre M@rgrgaﬁggghﬁggd striata fromb5 animal s per group
were pool ed and processed into a washed nenbrane 20 preparation- Binding of

[3H -CFT to these stidat&dh NBNRrape-Rr €RALALL0NS. Of . vari ous groups was
quantitated to determine dopaniﬁg t?anspor?% ?%%%F%“%ﬁlQPaﬁ e nerve

i nal s. SBi nekues. 4 Okhi |l ed, CFT i ded
term nal s. SBi nebungi i) Sy Rsesence OhidR dotMi %&peg@ggh%ﬁgr ovi ded an

estimate of nonspgcif!p 25 binding, which was s Fact et %%tﬁéta!

o the proteim content of [he stri st sl reopranet 1T ont cher EbeA T Tt &l

group. CDronm?ugure 2 shows that Example 17 of the Present invention
potently promotes neurite outgrowth in Sensory neuraonal
cultures. Explant cultures isolated formg embryonic day

10 9 ~ 10 chick dorsal root ganglia were Created 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 form the neurite number of Example
17-treated samples to yield Example 17-dependent
speéific neurite outgrowth. Quantitative
dose-dependent.neurite outgrowth elicited by Example 17
is presented.

20 Figure 3 is a photomierograph of rat sclacic narve
sections. Figure 3 shows that Example 1 of the presentc
invention promotes neuronal regeneration following
sciatic nerve lesions. Sciatic nerves of 150 g male
Sprague-Dawley rats were 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. RAnimals were sacrificed, sciatic

nerves removed and nerve segments 2 mm distcal to the



7 MAY |U 4 16 saggital brain sections from MPTP and drug treated animals
were stained with anti-tyrosine hydroxylase (TH) Ig to quantitate
striatal, nedial forebrain bundle axonal and nigral levels of TH, which is
5 indicative of functional dopam nergic neurons. Figure 5 is a JaMAYRBPh
of ['"H -CFT plotted for - 200 ug of nenbrane protein. Figure 5 shows that
neur oi nmunophilin |igands of the present invention pronote recovery of
dopam ne neurons follow ng MPTP 10 treatnemt of mice in accordance with the
procedure described in Figure 4. Figure 6 is a photom crograph, at 630x
....magni fi catconshoticereazk andriaggit ahdbeakAnsaC ik @RS, Hegure 6 shows
brain sections from MPTP and drug 15 treated animals stained Wth
anti-tyrosine fjtivexykaseén (TH)akgets guant htmberst khat alihevelg,.of TH,
which is indicative of functional dopam nergic neurons. Figureée Yis a

photonicrographluai(Sﬁxassagaifémaélbﬁatmbnboromaé.mgagogggghga%hgaain
sections. 20 Figure 7 shows brain sections from MPTP an Tug freated

ani mal s st ai nefciktic amerve ysesthensydf oxykasepetdthdl gatg, quantitate
nigral levels of TH, which is indicative of functional dopam nergic

neurons. FBgureelsidke ot photedi testpreh, amtmdDOX Rrampuai {i ga4i on, of
coronal and saggital brain sections. Figure 8 shows brain sections from
MPTP and drug 1n3etivel treaeed &t of hexd maghi Gintas ton psfoer hydiexyl ase (TH)
ig to quantitate nedial forebrain bundl e axona
per group.
Figure ¢ is a graph of [*H]-CFT binding per ug of
Striatal Membrane Protein. Figure 4 shows that
10 neuroimmunbphilin ligands of the present invention
promote recovery of dopamine neurons following MPTP
treatment of mice. CD1 mice (25 §) were treated daily
with BO'pg/kg MPTP (i.p.} for 5 days. The animals were
also treated daily with intralipid vehicle, Example 1
is (100 mg/kg s.c.} or Bxample 17 (40, 20, 10 mg/kg s.c.,
as indicated) concurrently with the MPTP and continued
for an additional S5 days. After eighteen daysg, the.
mice were sacrificed, striata from 5 animals per group
were pooled and processed into a washed membrane
20 preparation. Binding of [3H)-CPT to these striated
membrane preparations of various groups was quantitated
to determine dopamine transporter levelc 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 Irom each experimental group. Coronal and



7 MAY 11D4 17 levels of TH, which is indicative of functional
dopam nergi ¢ neurons. DETAI LED DESCRI PTI ON OF THE | NVENTI ON The novel

neur ot r ophi ¢ conpounds of this invention 5 are relatively snalb ﬁﬁhﬁﬁules
in relation to other known conmpounds which bind to FKBP-type

I mmunophi lins, such as rapanycin, FK505, and cycl osporin. The neurotrophic
conpounds of this invention have an affinity for the FK505 bindi ng
proteins such as 10 FKBP-12. \Wen the neuikétrophic conpounds of the

i nvention are bound tQ the FKBP, they have been found to unexpectedly

i nhibit the prdPFELtFeptirdfin Geslomss roso MBITRS @nal tdzvid Y redic g0t amase
activity of the hinding protein and stinulate neurite growh, while not 15
exhi biting an Fﬁﬁﬁﬁ&§uﬂEF§s§éﬁﬂn§ﬁf@éﬁﬂwﬁﬁéipawwb@QM&rhyﬁﬁdﬂyidgyention

relates to a Nﬁévgl cl ass of neurotrophic conpounds represented by the
formula: z 7 MAYE20049) 5O SHRBFAtRtS| Staletaty seddightfomehizarched chain

al kyl or al kenyl .group optionally substituted with 5 C -Ca Cycloal kyl, C3
or Cs cycloalk@%?dgg-fgoﬁgiléﬁ k@ﬁ?F?lo}eKF}smﬁér@Hsawuiahkib, al kenyl ,

cycloalkylsor gg’lgg gggygfg%gﬂggional dopaminergic neurons.
Figure 5 is a bar graph of [*H]-CFT plotted for
200 pg of membrane protein. Figqure 5 shows that
neuroimmunophilin ligands of the present invention
promote recovery of dopamine neurons following MPTP
10 treatment of mice in accordance with the procedure
described. in Figure 4.
Figqre & 1s a photomicrograph, at 630x
~-magnification, of coronal and saggital brain sections.
Figure & shows brain sections from MPTP and drug
15 treated animals stained with anti-tyrosine hydroxylase
(TH) Ig to gquantitate 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-tyrosine 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



may be optionally substituted with CL-C4 alkyl, Cl-C4 al kenyl, or hydroxy,
and where 10 .Arl is selected fromthe group consisting of 1-napthyl,
2-napt hyl, 2-indolyl, 3-indolyl, 2-furyl, 3-furyl, 2- thiazolyl

2-thienyl, 3- thienyl, 2-, 3-, or 4-pyridyl, or phenyl, having ZﬂﬂWﬂW‘
three substituents which are 15 independently selected fromthe group

consi sting of hydrogen, halo, hydroxyl, nitro, trifluoronethyl, cl-C6
strai ght or branched al kyl or al kenyl, ct’ & al koxy or Cl- C4 al kenyl oxy,

phenoxy, benzyl,ox and. no; 20 x is oxygen, sulfur, nmethylene (CH ), or
HZ; is oxygen & V%&f gﬁ% |%ﬂ§;é%er§ offupggacnabnd 2 is a

C2- C6 straight or br.anched chaln aIkyI or al kenyl, wherein the al kyl chain
is 25 substit uPERA SIS 6 B S Sositions with Art as defined above,
C3-Cg Cycloal kyl, CYO oal kyl connected by a C1-C6 Straight or 7 MAY Z004
19 unbranched al kyl or al kenyl chain, or Ar2 where Are is selected from
the group consisting o% 3-furyl, 2-
thiazolyl, 2-thienyl, 3 er vE5!4°ehenyI, havi ng
one to three substi&gen%%va|%

%rophic 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 FK506 binding proteins such as
10 FKBP-12. - When the neurotrophic compounds 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.
Mcre particularly, this invention relates to a
novel class of neurotrophic compounds rep-resented by

the formula:



I ndependent|ly selected fromthe group
ro, trifluoronmethyl, Cl1-C6 straight or 10 branched al k

Cy-C4 al koxy or Cl-C4 al kenyl oxy, phenoxy, be | oxy,
R4 15 where R3 is sel ect ed/ tNHlihe

straight or branched al kyl Cl-Ca optionally

hydroxyl, nit

al kyl al kenyl ,
and am no; nay al so be the fragnent:

group consi sti

substituted with C3-C8 cycloal kyl, or ar, as
Art; 20 X
2004 20 group consisting of hydrogen,

unsubsti t ut ed

and al kenyl ; R,
Cl-CS straight or

branched al kyl
accept abl e sal

10

15

20

25

ng of

ts or

where
R,
X
b4
VA

consi sting of hydrogen, halo,

defi ned above, and

or

is O or NR5, wheyg RS is selected fromthe 7 MAY

is a C;-C, straight or branched chain alkyl
or alkenyl group optionally substituted with
C,-Cy cycloalkyl, ¢, or Cs cycloalkyl, Cs-C,
cycloalkenyl, or Ar,, where saig alkyl,
alkenyl, cycloalkyl or cycloalkenyl groups
may be opticnally substituted with ¢, -C,

alkyl, C,-C, alkenyl, or hydroxy, and where

Ar, is selected from the group consisting of

1-napthyl, 2-napthyl, 2-indolyl, 3-indolyl,

- 2-furyl, 3-furyl, 2- thiazolyl, 2-thienyl, 13-

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,,cl—cs straight or
branched alkyl or alkenyl, C,-¢, alkoxy or C,-
Cy alkenyloxy, phenaxy, benzyloxy, ang amino;
1s oxygen, sulfur, methylene (CH,), or H,;

is oxygen or NR,, where R, is _hydrogen or C,~
C; alkyl; and

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

ey&idalkyl connecced by a C,-C; &traight or

C -Cs straight or branched al kyl

Is selected fromthe group consisting of phenyl, benzyl,
branched 5 al kyl or al kenyl, and C -C5 straight or
or al kenyl substituted with phenyl; or pharmaceutically

hydr at es t hereof.



Preferred conpounds have the followng fornula; z 10 Il where 15 Rl is a
Cl-C5 straight or branched chain al-kyl or al kenyl group optionally
substituted with C -Ca cycloalkyl, C or C5 cycloalkyl, CS-C7 7 MAYf 2004

cycl oal kenyl, or Arl,
cycl oal kenyl groups
al kyl, C-C4 al kenyl,

3-furyl, 2- thiazolyl,

trifluoronmethyl, Cl-

5

10

15 where

20 X,

consisting of 1- napthyl
2- -, Or 4- pyridyl, or
phenyl, having one to three S % ?ltue |%i%?ﬁ¥; Fh@ében@@nﬂry sel ect ed

fromthe group consisti r e halo” dr ox nitro,
i s'?"%lalc}'I Tht ™ Gr g%oggrlgﬁgﬁgd é ¥j(?r E’éilq{-%yl Cl-C4

substituted in one or
cycl oal kyl, cycl oal kyl

where said al kyl, alkenyl, cycloal kyl or
may be optionally substituted with C1-C, 7 MAY 2004 21

hydr oxy, and wheré Arl is selected fromthe group
2- napthyl 2 i ndh yl, 3-indolyl, 2-furyl,

al koxy or C, - .C. alkenyugmé /e mno, Zis a C2-C6

straight or branched chain alfﬁﬁggf§%1é£%gﬁ%° éf %}ky chain is

oI, RASH t4i_ % Ar 1% deflned above, C3-C8
Lo

connect ed + or~thienyl,
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

.C1-C4 alkenyloxy, phenoxy, benzyloxy, and

amino;

may also be the fragment:

is selected from the group consisting of
straight or branched alkyl ¢,-C, optionally
substituted with C;-C, cycloalkyl, or Ar, as

defined above, and unsupstituted Ar,;

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



unbranched al kyl or al kenyl chain, or Ar2 where Ar2 is selected fromthe
group consisting of 2-indolyl, 3-indolyl, 2 20 furyl, 3-furyl, 2-
thiazolyl, 2-thienyl, 3- thienyl, 2-, 3-, or 4-pyridyl, or phenyh;NApﬁmgng
one to three substituents which are independently selected fromthe group
consi sting of hydrogen, halo, hydroxyl, 25 nitro, trifluoronethyl, Cil-C6
straight or branched al kyl or al kenyl, d-C4 al koxy or C - C4 al kenyl oxy,
phenoxy, benzyloxy, and amino; or pharmaé8utically acceptable salts or 7
MAY 7004 22 hydrates thereof. Preferred neurotrophic N glyoxyl Prolyl ester
conpounds have the for muFA°UR1 SRS “HAROE fvalxogars 91.r&jf ghtraef gk anched
chain al kyl or alkenyl gro optignal ly substituted with C to C6

cycloal kyl, or Arl, wher rAgEaP§ e%eﬁé&?@dapﬁo%hﬂﬁﬁadnoup consi sting of 2-
furyl, 2-thienyl, o$ phen¥l; §°i§ gelected fromthe group consisting of
oxygen and sul fur: ¥is ORygENSChAE ZTPE &1& BaCYM condisarichedtchai n al kyl

or i5 al kenyl, wherein thﬁ aIEyI chaig IS )
phienyl, benzyl, C,-C; straight or branched

5 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 tollowing formula:

O—2Z
O
10
I
where
R, is a C,-C, straight or branched chain alkyl
or alkenyl group optionally substituted with

15 €,-Cy cycloalkyl, ¢, or ¢ cycloalkyl, C.-C,

cycloalkenyl, or Ar,, where said alkyl,

alkenyl, cycloalkyl or cycloalkenyl groups

may be optionally substituted with c,-C,



substituted in one or nore positions with Ari as defined above, C3-C6
cycloal kyl, Ar2 Wiere Are is selected fromthe group consisting of 7 NMAY
2004 23 2-, 3-, or 4-pyridyl, or phenyl, having one to three substituents

whi ch are independently selected fromthe group consisting of 7“)‘);1{ ﬁ)gen
and C -C, al koxy. 5 The conpounds of this invention exist as i
stereoi soneric forms, either enantioners of; di astereoi soners. The
stereochem stry at position 1 (Forrmula 1)"fis Ror S, with S preferred.

Included within the scopgafi t he Jidveni arg the _enantioners, 10 the
racemic form and diaster eo}%o'rrer'i c‘mgg%éggé.’ gﬁngﬁii?:eﬁ’ér s3Bg whkkeas

di astereoi somers can be pep3aiated by s known to those skilled in the
art. It is known that innuﬁopﬁiling s&gﬁkgg%Fk 5 PP FORS AT pa efogni ze

pepti de substrates cont aijni thiD XaA- ga nptifs, ere Xaa and Yaa are
b h]ygc’hr eirgﬁhgfl’a[? nygrbl}\’ﬂ] G yindadiem 55,

| i pophilic am no acid residues.

4984--4986; Harrison andaSteRiR,1 199G, Biochem str 2§b 3813-3816. Thus
modi fi ed prolyl peptidoninegﬁg conpéﬁﬁ;§ Eﬁaﬁﬁﬁ?%Qﬁy hid1tdiemyl, 3-

substituentss shoul d bi nd Wikl i gh -af fi_ni t,0 ydr ophqQbi ¢ core of the
FKBP active site and inhibit yPts rotanésgxéétfﬁﬁﬁﬁbﬁpr e ydonpounds of
the present invention i Rgh4é Bgeg&@uggrwgi%@bgkqtg%%ﬁ%tiﬁgggp%gLFaIIy

bulky 25 in relation to the known shape and size o

independently selected from the group
consisting of hydrogen, halo, hydroxyl,
nitro, trifluorcmethyl, C,-C, straight or

10 branched alkyl or alkenyl, ¢,-c, alkoxy or c,-
.Cs alkenyloxy, phenoxy, benzyloxy, and amnino;

Z is a C,-C; straight or branched chain alkyl

or alkenyl, wherein the alk%l chain is
substituted in one or more positions 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 Ar, 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 three substituents which are
independently selected from the group
consisting of hydrogen, halo, hydroxyl,

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

or pharmaceutically acceptable salts or




hydr ophobi ¢ core of the FKBP active site. Thus, very large and/or highly
substituted R~ groups would bind 7 MAY 2004 24 with less affinity to the
FKBP active site. Preferred conpounds of the invention include: 7 MAY 200k
3- phenyl - 1-propyl (2S) -3- (3, 3-dinmethyl-1, 2-

di oxopentyl)-2-pyrrolidinecarboxylate, 5 3-phenyl-i-prop-2-(E)-enyl
(2S)-1-(3, 3-di nethyl - 1, 2-di oxopentyl)-2-pyrrolidinecarboxyl at e,
3-(3,4,5-trinet hoxyphenyl)-1-propyl (2S)-12%3,3

di net hyl - 1, 2- di oxopentyl ) -2-pyrrolidi necarboxylate, 3- (3, 4,

5-tri met hoxyphenyl) --1-pR¥prategserhesagf.(2S)- 10

1- (3, 3-di net hyl -1, 2-di oxopentyl)-2-pyrrolidine carboxylate,

3- (4, 5- met hyl enedi oxyFRERYF 3 1084BRYTOPRES - N-¢By@xyl prolyl ester

di met hyl - 1, 2- di oxopentyl ) - 2- pyrrol i di necar boxyl at e, -

3- (4, 5- net hyl erfeffiRRHHeBAYE 16k ke B - enyi 15

(25)-1-(3, 3-di net hyl -1, 2-di oxopentyl)-2- pyrrolidinecarboxyl at e,

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

di oxopentyl)-2-pyrrolidi necarboxyl at ef -cycl ohexyl -1 -prop-2-(E)-enyl
(2S)-1-(3,3- 20 dinethyl-1, 2-di oxopenrtyl - 2- rotiZdi necar boxyl at e,

(1R) -1, 3-di phenyl -i -propyl (2S)-1-(3, I methyl -

1, 2-di oxopentyl)-2-pyrrol -idi necaxboxyllat e, \ 3- phenyl -i - pr opyl
(25)-1-(1, 2-di oxo-2-[2 furanyll)e - - pyProl i di necar boxyl ate, 25

3- phenyl - 1-propyl (2S)-1-(1, 2--dioxg-2-(
thienyl])ethyl-2-pyrro|idinecarboxxﬁate,
1

5 where

R, is a G -G straight or branched chain alkyl
or alkenyl group optionally subsﬁituted with
C, to C; cycloalkyl, or Ar,, where Ar, is |
selected from the group consisting of 2-
10 furyl, 2-thienyl, or phenyl;
X 15 selected from the group consisting of
oxygen and sulfur;
Y is oxygen; and
2 1s 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 Ccycloalkyl, Ar, where

Ar, 1s selected from the group consisting of



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

thi azolyl])ethyl -2-pyrrolidinecarboxylate, I MNI IN 25 3-phenyl-i-propyl

(2S)-1-(1, 2-d-i C) XO 2 pheny',-)ethyl-2-pyrrolidinec: az- boxyl at & MAY 2004

3- (2, 5-di met hoxyphen'yl)-]--propyi (2S)-1-(3, 3-

di met hvl - 1, 2- di oxopentyl)-2-pyrrolidi-necarboxylate, 5

3- (2, 5-di met hoxyphenyl) -1 - Prop-2-(E)-enyl £25)-j-

(3, 3-d4-net hyl - 1, 2-di oxol Dentyl)-2-py-rrolidine- carbox-vlate,

2-(3,4,5-tri met hoxyphenyl }-1i - gthy2( Shyb 3-

di met hyl - 1, 2- dloxopentyl)hz pyrroFFd%neca%gg%ylatephe?g" having one

3-(3- Pyrldyl)-l-propyl (2 3

di oxopentyl ) - 2- pyrrol|d|ng%aF%gE§IggggEEEM%n&EyWhécF)are 188§pend»ntly

(28)-I-(3 3-di net hyl -1, 2- ng y tbaoxyl
3-(4-Pyridyl)-1-propyl (2%§%B§9?§ 3¥g%n§?ﬁ ?EQL@ géggggbggﬁeﬁ yI)

-pyrrolidinecarboxyl ate, hy§r@§§ﬁygng @Lqpyglgg -1 -(2-cycl ohexyl -

di oxoet hyl ) - 2- pyrrolidi necarboxyl ate, 3-phenyl-I-propyl

(2S)-1-(2-tez-Cbutyl-1,2- dioxoethyl)-2-pyrrolidinecarboxylate, 20

3- phenyl -i - propyl (28)-I-(2 cycl ohexyl et hyl -1, 2-

di oxoet hyl ) 52- pyrr ol Tk nesmsbexs ab €, thﬁs(ﬁn@yﬁtﬂaﬂl)ekw@g

(2S)-1-(2-cycl ohexyl ethyl 1T, 2-di oxoethyl)-2-pyrrolidinecarboxyl at e,

3-(3-pyridyl) - istigreapydontS)c | £42ms ezdittd ¥ | edar- idhers or

di oxoet hyl ) - 2- pyrrol i di necar boxyl ate, 3, 3-di phenyl -1 -propyl

(2S5)-1-(3, 3-di nEtagiexisPisomers. The stereochemistry at position 1

2

{Formula 1) is R or S, with 8 preferred. Included
within the scope of the invention are the enantiomers,
10 the racemic form, and diastereoisomeric 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



di oxopentyl)-2-pyrrolidinecarboxylate, 3-(3-pyridyl)-i-propyl
(2S)-1-(2-cycl ohexyl-1,2 7 MAY 2004 26

di oxoet hyl ) - 2-pyrrolidi necarboxyl ate, 3- (3-Pyridyl) -1- propyl7§ﬂwﬁwk N-
((2-thienyl) glyoxyl)pyrrol|d|necarboxylate 3, 3-Di phenyl - | -'pr opyl
(2S)-1-(3,3-dinethyl-1,2 5 di oxobutyl)-2-pyrrolidinecerboxyl ate,

3, 3- Di phenyl - | - pr opyl (28)-I-cyc|ohexy|g|yoxy| 2-pyrrolidinecarboxyl at e,
3, 3-Di phenyl -i - propyl (2S)-1-(2- thlenyl)gﬁfoxyl 2-pyrrolidinecarboxyl at e.

10 Particularly preferred urotro hic N 0X prol yl ester conpounds
are sel ect ed fr"trrﬁbc ﬂé’-%srﬁfgfe ﬁbeogd SCRR site.

3-(2, 5- dlnethoxyphe pr (2

di net hyl - 1, 2- di oxop dgﬁ/%? "H%Cfﬁéc%*r tfo’iallleﬁ‘éentll@ 3inghude:

5- di net hoxyphenyl) -1

(3, 3-dimethyl -1, 2-di oﬁg{ﬁg]g( 2_3) (Pz‘)%ﬁryh%uﬂe ‘%a@rﬁo‘mtéuél 1,2-
G e b e -ﬁ%&%&s&%&a%f 20
a Gopent SY%*;;,;’W o PiRE OB T A Cudrdineind -1
RIS 9& BB el s ot
di oxopent yi) - 2-pyrr alidy ae%artmwt%to%ayph%n%“w P APy 1o (3. 3.
dlmethyl 1,2-dioxopentyl)-2-pyrrolidinecarboxylate,
3-(3,4,5-trimethoxyphenyl) -1-prop-2- (E) -enyl (25) -
10 -1—(3,3—dimethyl—l,2-dioxopentyl)—2-pyrrolidine
carboxylate, '
3-(4,5-methylenedioxyphenyl) -1-propyl (28)-1-(3,3-
_ dimethyl-l;2-dioxopentyl)-2-pyrrolidingcarboxylate,
3;(4,S—methylenediOXYPhenyl)—1-prop—2—(E)-enyl
15 (28)-1-(3,3-dimethyl-1, 2-dioxopentyl) -2-
pyrrolidinecérbokylate,
" 3-cyclohexyl-1-propyl (2S}-1-(3,3-dimethyl-1,2-
dioxopentyl)-2-pyrrolidinecérgoxylate,
3-cyclohexyl-1-prop-2-(E)-enyl (2S}-1-(3,3-
20 dimethyl-1,2-dioxopentyl)-2-pyrrolidinecarboxylate,
{1R})-1,3-diphenyl-1-propyl (28)-1-(3,3-dimethyl-
1,2-dioxopentyl)-2-pyrrolidinecarboxylate,
3-phenyl-1i-propyl (2S8)-1-(1,2-dioxo-2-(2-
furanyl] }ethyl-2-pyrrolidinecarboxylate,
25 3-phenyl-1-propyl {2S})-1-(i,2-dioxo-2-[2-
thienyl])ethyl-2-pyrrolidinecarboxylate,
3-phenyl-1i-propyl (25)-1-(1,2-dioxo-2-[2-

thiazolyl])ethyl-2-pyrrolidinecarboxylate,



di oxoet hyl ) - 2-pyrrol i di necar boxyl ate, 3-phenyl -I-propyl

(2S)-1-(2-cycl ohexylethyl-1,2 7 MAY 2004 27

di oxoet hyl ) - 2-pyrrol i di necar boxyl ate, 3-(3-pyridyl)-1-propyl AY 7004
(2S)-1-(2-cycl ohexyl et hyl - 1,2-dioxoethy|)-2-pyrro|idinecarboxy?gie, 3-
(3-pyridyl) -1-propyl (2S) -1- (2- tert-butyl-1, 2 5

di oxoet hyl ) -2-pyrrolidi necarboxyl ate, 3, 3-diphenyl-I|-propyl
(2S)-1-(3,3-dinmethyl -1, 2- di oxopentyl)-2-py rolidinecarboxyl ate,
3-(3-pyridyl)-1-propyl (2S)-1-(2-cyclohexyl-1, 2-

di oxoet hyl ) - 2- pyrr ol3 -dimesAr boxy: rkdyl)-1-pro
(|283(- N-(%lzzt hi E%yl ] Jg-ﬁjyoxyl )p_yr ri(.)clﬂ'%}g]il ng%%rﬁgiﬁgééggéébpphgﬁyl --1 - propyl

(25) - 1- (3, 3- di ey} oty 1di DSBS Id Zrddyd ¥ LA ar boxyl at e,
3, 3- Di phenyl -i - pr opyl (28)-1-cyc|ohexylglyoxyﬁh%ig ’

2-pyrrolidi necar boxyl-atzg 5 -aithet Byl ;-1 - ﬁﬁ%L .
(2S)-1-(2-thienyl)gl yoxyl - 2-pyrro|idinecarbdgilatéﬁ'ﬁ%?%d%p%hﬁﬁé of the

present inventHﬂmamﬁ&lbaAﬂyaioﬁdpéﬂﬁyﬁﬁﬂjngyrﬁﬁﬂﬂ&iﬂ&g'Jga fégninorganic
or organic 20 acids and bases. Included anong such aci d sal't's are the

fol | owi ng: %cetate,3adDpa&ﬂimaqydxypm@n@apanLgh%P_jmq@gq%hgq (28) -1
benzenesul fonate, bisulfate butyrate, citrate, canphorate, -

canphor sul f onat{8, 3 -cdyaketpyit-anepddpxomeney1di-gl-pgenate gigedecyl sul fate, 25
et hanesul fonate, fumarate, glucoheptanoate, glycerophosphate, hem ssul fate
hept anoat e, he%anbar¥late,
2-{3,4,5-trimethoxyphenyl)-1-ethyl (28)-1-(3,3-
dimethyl—l,2-dioxopentyl)—2—pyrrolidinecarboxylate,
10 3-(3-Pyridyl)-1-propyl (25)-1—(3,3-dimethyl-1,2-
dioxopentyl)—2—pyrrblidinecarboxylate,
3-(2-Pyridyl) -1-propyl (28)—1-(3,3-dimethy1-1,2-
dioxopentyl)-2—pyrrolidinecarboxylate,
3-(4-Pyridyl) -1-propyl {28)-1-(3,3-dimethyl-1, 2-
15 - dioxopentyl)—2-pyrrolidinecarbo#ylate,
B—phenyl-l-prﬁpyl (28) ~1-(2-cyclohexyl-1,2-
dioxoethyl) -2-pyrrolidinecarboxylate,
3-phenyl-1-propyl (28) -1-(2-tert-butyl-1,2-
dioxoethyl) -2-pyrrolidinecarboxylate,
20 3-phenyl-1-propyl (28) -1- (2-cyclohexylethyl-1, 2-
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-
25 dioxoethyl)-2-pyrrolidinecarboxylate,
3,3-diphenyl-1-propyl (25) -1~ (3,3-dimethyl-1, 2-
dioxopentyl) -2-pyrrolidinecarboxylate,

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



hydr ochl ori de, hydrobrornide, hydroiodide, 2 7 MAY 200; 28

hydr oxyet hanesul fonate, |actate, nal eate, nethanesulfonate,

2- napht hal ensul fonate, nicotinate, oxalate, panpate, pectinate,

propi onate, succinate, tartrate, thiocyanate, tosylate and undedaMdbalig,
Base 5 salts include ammonium salts, alkali netal salts such as sodium and
potassiumsalts, alkaline earth netal salts such as cal cium and magnesi um
salts, salt with organic bases such as di | ohexyl am ne salts, N

met hyl - D- gl ucam ne, and salts with am no acids such as 10 arginine, |ysine,

and so forth. A&ﬁngéagyppsﬁc%ygggFggggég$€§$££%?€agroups can be

quarternized with such agent OWEr a es, such as nethyl,

et hyl, -propyl, and but yi. | @41 ey _ . de d. . jodides; dial kyl sulfates
li ke dimethyl,.-diet hy?/, ?%Pdi u{jyjr g%%?a?%?’ng?ﬂfﬁé’él}l%nél chain

hal i des- such- asg] #oeyl ) pyAl V] di AVEd stearyl chlorides, brom des
and i odi des, ar%al Kyl hél'? i des | iJke %%%%’Iry%gr%’phenet hyl  brom des and

ot hers. Water or oi Ig,s;)lmtghgérgt;ldj sfp,_ecgﬁpl F\Qﬂr_old_up}'s_,’% f“ﬂ)%‘fkﬁ{éﬁ? Lgﬂ )6/“ ned.

20 The neurotrophi c conmpounds of this T'nvention can

admi ni st er el t@ﬁmmmnuuyn)Aguyyﬁggymﬁiﬂgéggﬂg§ylJég neur ol ogi cal disorders
or for other reasons in which'it is desirable~to st'imul ate neuronal

regenerati on and grGwﬂhpﬂyhﬁhyﬁij4pﬁ5y§1ng§gyﬂj4yy%hgh$ﬁé§%£ﬁ%ro at hic and

neur ol ogi cal disorders relating to neurodegeneration. s of this
invention can Zapyoriod iddmeniaxtengd dte ,mammal s ot her than hunmans for

3,3-Diphenyl-1-propyl {25}—1-(2-thienyl)glyoxyl—
2-pyrrolidinecarboxylate.

10 Particularly preferred neurotrophic N-glyoxyl
prolyl ester compounds are selected from the group
consisting of:

3-{2,5—dimethoxyphenyl)-l-propyl (28) -1-(3,3-
dimethyl-l,2-dioxopentyl)-2—pyrrolidinecarbo#ylate,

15 3-(2,5—dimethoxy§henyl)-1—prop~2-fE)—enyl “iZS)4I—
(3,3-@imethyl—1,2—dioxopentyl)—2-pyrrolidine—
carboxylate,

2-(3,4,54trimethcxypﬁenyl)—l-ethyl {28)-1-(3,3-
dimethyl-l.2-dioxopentyl)-2—pyrrolidinecarboxylate,

20 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~
dioxopencyl)-2~pyrrolidinecarboxylate,
3-(4-Pyridyl) -1-propyl (28)-1-(3,3-dimethyl-1,2-
25 dioxopentyl}—2—pyrrolidinecarboxylate,
3-phenyl-1-propyl (28)-1-{2-tert-butyl-1i,2-
dioxoethyl)—2-pyrrolidinecarboxylate,

3-phenyl-1-propyl (28) -1-(2-cyclohexyletnyl-1,2-



!

treatment of various manmal i an neurol ogi cal disorders. 7 MAY 2004 29 The
novel conpounds of the present invention are potent inhibitors of rotamase
activity and possess an excellent degree of neurotrophic activi t&mi‘
activity is useful in the stinulation of danaged 5 neurons, the pro + 40n
of neuronal regeneration, the prevention of neurodegeneration, and in the
treatment of several neurol ogical disorders known to be associated with
neuronal degeneration and peri pheral neur&pathi es. The neurol ogi cal

di sorders that may be 10 treated include but are not Iimted to: trigemna
neural gi a., gl s8sbpRRtded -maral megerbosyatey, nyasthenia gravis
muscul ar dystrophy, amyotrophic |ateral sclerosis, progressive nuscul ar
atrophy, progressi Ve @mgﬁﬁidYﬂkﬂ$TR%PPMkclﬂ%ﬁ-%ﬂmetwcldﬁeh?Latﬁ?Qd,
ruptured or prolapsed invertabrae di sk syndronmes, cervical spondylosis,

pl exus di sor defs 2-dieaogtiny 1Idutd @ty rrask ¥dins earwypndhaores, peri phera

neur opat hi c such as those caused by | ead, dapsone, ticks, prophyria, or

Gul | ai n-Barre syndr dme 3 -PYTASHREiFePRORN k5 e, - lan'® -Fee Kkt risony - 0j sease For
these purposes the conp ?nds of the present invention rmay be adm nistered
orally, paﬁ%ntgﬂﬁﬁpﬁrhﬁg “PARYFFOIN NS REPepiadd  y, rectally, nasally,
buccal Iy, vaginally_or, via.an i.nplanted reservaoir in 25 dosage fornul ations

contai ni ng convent i 3nar SABRERYR ¢ ~BFRRYHace i dal 13y aciamted - Tazr i er s,

adj uvants and 4yghigles,: 18 Lot PR oy used herein includes

3-(§-pyridyl)-l-propyl (28)-1-(2-cyclohexy1—l,2-
dioxoethyl) -2-pyrrolidinecarboxylate,
10 3-{3-Pyridyl}-1-propyl (25) -N-([2-thienyl]
glyoxyl)pyrrolidinecarboxylate,
3,3-Diphenyl-1-propyl (25)-1-(3,3-dimethyl-1,2-
dioxobutyl) -2-pyrrolidinecarboxylate,
3,3-Diphenyl-i-propyl (25)-1-cyclohexylg1yoxy1-
15 2-pyrrolidinecarboxylate, and
3,3-Diphenyl-1-propyl (25)-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, alginate, aspartate,
benzoate, benzenesulfonate, bisulfate butyrate,
Citrate, camphorate, camphorsulfonate,
cyclopentanepropionate, digluconate, dodecylsulfate,

45 ethanesulfonate, fumarate, glucoheptanoate,
glycerophosphate, hemissulfate heptanoate, hexanocate,

hydrochloride, hydrobromide, hydroiodide, 2-



subcut aneous, intravenous, intranuscular, 7 MAY 2004 30 intraperitoneally,
intrathecally, intraventricularly, intrasternal and intracranial injection
or infusion techniques. To be effective therapeutically-as central nervous
systemtargets the i munophilin-drug conplex should readily penef MAY &0 he
bl ood-brain barrier when peripherally adm nistered. Conpounds of this

I nvention which cannot penetrate the bl ood-brain barrier can be
effectively adm nistered by an intraventriegglar route. 10 The

phar maceuti cal conpositions may..be in the form _"of a sterile Injectable

prepar ati on, f0hyﬁmwﬁ@eth&&e&ulibﬁbtbe'h@d%%k%bl%aﬁ%%,ous or ol eagi nous
suspension. This. suspension. maybe fornul ated according to.. techniques.

-know. in_;the. meakianeyslifogateyi bahkendhspehsl, Leko WetLing -agents and
suspendi ng agents. -The sterile injecfable-prepg?ggﬁg%f ﬁéfﬁ%ﬁiﬁfe-

be.a.sterile..iokettahl epambuteonpett SHSPENSHEBL) Ay At i
non-.toxi c_parenterally- acceptable diluent gr golven?ﬁ FEFFPQféﬁpIe as a

solution. in.:1taBepatanedhbbecydnang, t Rasatsept ghke i.cles and
sol vents that nay_ be gnployed are water, ?Ringer's_g§§8¥?gﬁ gﬁd igéFSnic
sodlun1ph|oﬁldesaébsunnohudénamddmimmnsastgy|ggkajixggtgilEﬁiEg such
conventional ly enpl oyed as a sol vent or suspending nmedi um FOr -t § pur pose

any bl and fixeda%i$0@®ymbend250tasm$¢mysﬂlt§plwﬂkﬁyiﬁan%ggghc gppe- or
diglycerides. Fatty acids such as oleic acid and its glyceride
derivatives fimRrlse $uck s prabaiun i amd ofadms 0imbELBes, 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 '
iodides; ‘dialkyl sulfates like'dimethyl,rdiethyl,

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

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

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

Creatment of various mammalian neurélogical disorders.



olive oil.or castor oil, especially in their 7 MAY 2004 31

pol yoxyet hyl at ed versions. These oil solutions or suspensions may al so
contain a |long-chain al cohol diluent or dispersant. The conpounds nay be
adm nistered orally in the 5 formof capsules or tablets, for N0k, or
as an aqueous suspension or solution. In the case of tablets for oral
use, carriers which are comonly used incluyde |actose and corn starch.
Lubricating agents, such as nagnesiun1st53rate, are al so typically added.

For oral 10 adm nistyation in a caps eé%ﬁrq} useful diluents include

| actose and dried c é‘PXFéh.CO\‘NPé’ﬁ“?@ 18 PSSRSO AN VANRE ko ared f or
oral use, the ac%iv% 1.ing‘géegient gs c%%pined wi t.h .emul si fying and
suspendi ng agBRtE™Y H-8FS O&r CRSFERE BETtYd tan dP6t PESSes8 ol ng
and/ or col oring_agents be added. _The conmpounds qf this invention may
al so be adm mgﬁgﬁgan?:g%%ﬁéeﬁof’% 8‘?“53655’??‘5& PES VI Yr-ectThis

adm nistration_of .t he drug e.coppasi ti.on an _be repared by m xi ng
the drug with 3Céﬁy%§glésngﬁzggii%Fita?iﬁglg%iFSFgﬁtoﬁh 39890l id at room

b ' id . dth f il I [
ermeraturs, buLLay dcal pechol LATHY Bbics, a1 bherelore u o, el 1

the rectumto release’t materials |

beeswax and po,yeLbyt e8f yﬁ@héoaaggﬁggaageﬂ§ Bha! 9L chVRALLIR RY also

be 25 admi nistered optically, espec en’'the condirtTo

treatnment invobyesayEAs] CheRFEP8§:E§AMEE¥oraceesrhllLA Py Hapi cal
application, including

associated with neuronal degeneration and peripheral
neurcpathies. The neurclogical disorders that may be

10 treated include but are not limited to: trigeminal
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 destruction syndromes, peripheral
neurcopathic 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,




neur ol ogi cal disorders of the eye, the skin, or the 7 MAY 2004 32 | ower
intestinal tract. Suitable topical fornmulations are readily prepared for
each of these areas. For ophthal m c use, the conpounds can be forml ated
as microni zed. suspensions in isotonic, pH 5 adjusted sterile sall MAY 208k,
preferably, as solutions is isotonic, pH adjusted sterile saline, either
with or wthout a preservative such as benzyl al koni um chl ori de.
Alternatively for the ophthal mc uses the3@onpounds nay be fornulated in
an oi ntnment such as petrolatum 10 For application topically to the skin,
t he conpounds&gﬁiﬂﬁ?ﬁkﬁQﬁﬁ%ﬁkXiikﬂ%?%ﬁhﬂQﬁik¥Aﬂﬂnuuﬁvengx&&@iggpg t he
conpound suspended or dissolved in, for exanple, a mxture with one or
nore of the folindwasgerndlnand lgitiraquagiiad pgetjrestthtammomhin faPrid ol at um
15 propyl ene gl ycol, polyoxyethyl ene pol yoxypropyl ene conpound,
emul si fyi ng wakeshigaes-. Al ternatively, the conmpounds can be fornul ated
in a suitable lotion or creamcontaining the active conpound suspended or
di ssolved in, for ed&rpeeefdembivgr &herapeatdcaidye aof 2mura frdhWiNo:
mneral oil, sorbitan nonostearate, polysorbate 60, cetyl esters wax,
cetearyl alRoh&¥StEM SRTPedSdEbendmm Liz-6amel complieat evhoullapi cal

application for tggglomer intestigglbbract an be effected in a rectal
supposi tory foFfgetYoRerst&atershg,blopdspradng bagnigy ehemena formul ati on

Dosage levels gn _the order of. about 1ng to_about 10,000 ng. of the active
i ngr edi ent con586ﬁ8%§F3q3¥e?3PlnlSEergg' Compounds of this invention

which cannot penetrate the blood-brain barrier can be
effectively administered by an intraventricular routé.

10 : The.pharmaceutical compositions may.be in the form
of.a steﬁileﬂinjectable preparatipn,'fpr example aé a

sterile -injectable aqueous or oleaginous suspension.

-’ﬁThisﬁsuspension,may}be<formulaged_ggcggg;ngggog
teChniqﬁES7kn°“Jin¥Fheiartﬁpﬁip9:$9iﬁ§b}e‘@;}pgfging”of
15 wetting -agents and suspend;ﬁg_égént§¢;;Thg“§§e;il;j
injééﬁableﬂpreparation may- also be .a .sterile injectable
solution .or suspension in_a,non;;pxic;pgregpg;ﬁlly—'
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
&eriyatives find use in the preparation of injectables,

olive ocil .or castor oil, especially in their



in the treatnent of the above conditions, with 7 MAY 1QU 33 preferred

| evel s of about O.1ng to about 1,000 ng. The anount of active ingredient
that may be combined with the carrier materials to produce a sing MAdBSage
form wll vary depending upon the host treated and the 5 particul ar node
of admnistration. It is understood, however, that a specific dose |evel
for any particular patient will depend upon a variety of factors including
the activity of the specific conpound enpl oyed, the age, body wei ght, 10
general health, sex, diet, time of admi Alstration, rate of excretion, drug
conbi nat i on, d the erlt of the particular dlsease bei ng treated and
f or m of aanﬁ?XPFXFFEH afﬁ9y€8wﬁ6ﬁﬁﬁé calafe i raltwriathsyidh ot her 15
neur ot r ophi ¢ agents such as neurotrophic gromh factor (NG, glial derived
growt h fact of “*BFEFHO8Er Mf¥d 2 ﬁ&PoﬁHWﬁ%ﬂﬂ(ﬁ Lasig-ichai merasttiadphi ¢ f act or
and neurotrgpin-3. The dosage |evel of other neurotrophic drugs wll
depend upon EREUFREt 8Fs G3SBEESESty stated 20 and the neur ot rophic

ef fecti veness of &ge dru nbi nat i on. Test Procedure Inhibition of the
peptidyl -prolyl is6fefq Oungﬁoﬂéﬁhgé)%QHHQA%%PRﬂdthaLhywﬂnln&econpounds

can be eﬁgluatgd b¥ kgomn met h descrlbed in the literature (Harding,
MW et fhr 8-343PS¥58S765 S.HAE exampile,Jor Am a@hem Soc_

11S! 9923-993C These val ues
2qleous suspenSLOn or solution. In the case of tablets

for oral use, carriers which are commenly 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 aqueocus
suspensions are required for oral use, tﬁe active
ingredient is combined with emulsifying and suspending
agents. If desired, certain sweetening and/or

15 flavoring and/or coloring agents may be added.

The compounds of this invention méy also be
administered in the form of sﬁ;positories for rectal
administration of the drug. These compositions can be
prepared by wmixing the drug with a suitable non-

20 irritating excipient which is solid at room temperature
but liquid at rectal temperature and therefore 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

neurolaogical disorders of the eye, the skin, or the



are obtained as apparent Kl1's and are presented in 7 MAY 2W4 34 Table I.
The cis-trans isonerization of an al anine- proline bond in a nndei
substrate, N-succinyl-Al a-Al a- Pro-Phe-p-nitroanilide, is nonitor &szmk
spectrophotonetrically in a chynotrypsin-coupl ed assay, 5 which rel eases
para-nitroanilide fromthe trans formof the substrate. The inhibition of
this reaction caused by the addition of different concentrations of
inhibitor is determ ned, and the data is_analyzed as a change in
first-order rate constant as a function3@f 10 i nhibitor concentration to
yield the ap at . alues. In _a plastic cuvette are added 950 nL of ice
cold assay Eé??ér‘%ﬁgsé&FﬁEPE§?cﬁH 7 3R MRty feredl awf o KBP (2. 5
mMin 10 nM T Es; ﬁ? 7.%, 100 n¥l@ad , .1 15 mMdithiothreitol), 25 nL of
chynot rypsin % 0 REFRYi REEPRYERCLP aRdcio 9A. tdieseestraampound at vari ous

concentrations ingdi ul.f oxi de. The reaction is initiated by the
addition of S nL gg’?ﬁ%ﬁ%%&ﬁglc(gﬁéci S ReHFOMad® caPhdepar a- ni t roani | i de,

5 m/n in 2 Li Ln_tri.fluoroethanaol). The absorbance at 390 nm
versus tine ?ggﬁgﬁfgg?eéglpéfrgﬁl§8g FEERG & 199¢c timodiseitaneier pand the rate

constants ar ' .kom t he absorbance versus tine data files. 25
The data forg?ﬁgégég;%ggf%%ﬁtga'%nﬁregéht@ﬁeﬁﬁrahéWheaﬁ.SbﬂM%ic%@O4

is isotonic, pH adjusted sterile saline, either with or
without a preservative such as benzylalkonium chloride.
Alternatively for the ophthalmic uses the compounds may
be formulated in an ointment such as petrolatum.

10 For application 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, ligquid petrolatum, white petrolatﬁm,

1s propylene glycol, polyoxgethylene polyoxypropylene
Ccompound, emilsifying wax and water. Alternatively,
the compounds can be formulateéuin a suitable lotion or
Cream containing the active compound suspended or
dissclved in, for example, a mixture of ocne 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 rectal suppository formulation (see

25 above) or in a suitable enema formulatiomn.

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

in the treatment of the above conditions, with
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g?phgnvl-prop-z- 125 (E) -envl 33-(3,4,5-tri- methoxyphenyl)prooyl 200
3-(3 4"4 5-trim h, 1, Oet oxy- 7 MAY 2004
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preferred levels of about 0.1mc to about 1,000 mg. The
amount oI active ingredient thar may be combined with
the carrier materials to produce a single dosage form
will vary depending upon the host treated and the
5 particular mode of administration.

It 1is understood, however, that a specific dose
level for any particular patient will depend upon a
variety of factors including the activity of the
specific compound employed, the age, body weight,

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 neurcotrophic agents such as neurotrophic growth factor
(NGF}, glial derived growth factor, brain derived
growth factor, ciliary neurotréghic factor, and
neurotropin-3. The dosage level of other neurotrophic
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 c<an be
25 evaluated by known metheds described in the literature
(Harding, M.W. et al. Nature 341: 758-760 (1989); Holc
et al. J. Am. Chem. Soc. 115: 9923-9938), These values

are obtained as apparent K.'s and are presented in
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Table I. The cis-trans iscmerization of an alanpine-
proline bond in a model substrate, N-succinyl-Ala-aAla-
Pro-Phe-p-nitroanilide, is monitored
spectrophotometrically in a chymotrypsin-coupled assay,

S which releases para-nitroanilide from the trans form of

the substrate. The inhiSicion of 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 of ice cold
assay bufferrtzs mM HEPES, pE 7.8, 100 mM NacCl), 10 ml

of FKBP (2.5 mM in 10 mM ';‘ris-Cl pH 7.5, 100 mM NacCl, 1
15 mM dithiothreitol), 25 mlL of chymotrypsin (50 mg/ml in
1 mM HCl) and 10 mL of test compound at various
concentrations in dimethyl suigéxide. The reaction is
initiated by the addition of 5 mL of substrate
(succinyl-Ala-Phe-Pro-Phe-para-nitroanilide, 5 mg/mL in '
20 2.35S mM LiCl in trifluoroethanol).

The absorbance at 330 nm versus time is monitored
for 90 sec using a spect;ophotometer and the rate
constants are determined from the absorbance wversus
time data files.

25 The data for these experiments is presented in

Table I.
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2001 36 In manmmalian cells, FKSP-12 conpl exes with the inositol

tri phosphate receptor (I1P3R) and the ryafodi ne

Iz mammalian cells, FX3P-12 complexes with the

inositol triphosphate rsceptor (IP,R) arnd the IVarc

Cine
receptor (RyR}. It is belisved tha:c the neurotrochic
compounds of this invention disassociates FK8P-12 fropm

5 these complexes causing the calcium channel to become
"leaky" (Cameron et al., 1995). Calcium fluxes are
involved in neurite extensions so that the IP,R
receptor and the ryanodine receptor might be invoived
in the neurotrophic effects of drugs. Since the cérugs

10 bind to the same site as FKBP-12 as the IPR recepror,

one could assume that the drugs displace the channelis

Erom FKBP-12.

Chick Dorsal Root Ganglicn'

Cultures and Neurite outgrowth

15 Dorsal root ganglia were dissected from chick
embryos of ten day geétaﬁion. Whole ganglioﬁ explants
were cultured on thin layer Méérigel-coated 12 well
plates with Liebovitz L1S plus high glucose media
supplemented with 2mM glutamine and 10% fetal calf

20 serum, and also containing 10 uM cytosine £-D
arabinefuranoside (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 Zgiss

Axiovert inverted microscope. Photomicrographs of the



receptor (RyR). It is believed that the neurotrophic conpounds of this
i nvention disassociates FK3P-12 from5 these conpl exes causi ng the cal ci um
channel to beconme "leaky" (Caneron et al., 1995). Calciumfluxes are
involved in neurite extensions so that the PSR receptor and thg pyeqpmd ne
receptor mght be involved in the neurotrophic effects of drugs. Since the
drugs 10 bind to the sane site as FKBP-12 as the I P3R receptor, one could
assune that the drugs displace the channgts from FKBP-12. Chick Dor sal
Root Ganglion Cultures and Neurite outgrow 15 Dorsal root ganglia were
di ssected froexshitks websyaadef L8R day-gest eh&gn w\é\hok,g ganglion explants
were cultured on thin layer Mtrigel-coated 12 FP pl a Ss wWith Liebovitz
L15 plus hi ghnginecpsere@di aneguppke ~Whh-2eM ghgami.ne and 10% f et al
calf 20 serum and al so contai ni ng %BE%IQE%%EM% Eﬁka?éﬁi“ﬁﬁ'@&’r anosi de
(Ara O) at 3ME:r#e eduetwdr98nBaticeost aj,ningy 5l Twent y-four hours
|ater, the DRGs were treated wth vafiggé“c%ﬁc%%f?%?%%%sodfnﬁéFVées growt h
factor, imunopdtitetéedapes @acEoBRbBAL QNS A 0f cgﬁd;NEg’oP' us 4rudss
Forty-eight hours after drug treatnent, the ganglia were visual #&d under
phase coftr axuorDidd fape MUt a6H0p6ORET ASt 2 Mit Zei Axi_over t
i nverted m croscope. Photonicrographg of %%2'7aﬁ%Y938849§§3tg§6FaHP§ wer e
made, and netperDotmpdwin -duwbicguantitated. Neurites |onger than the DRG
di amet er

The data for these experiments are presented in

Table II. Representative photomicrographs for Example
17 ars shown in Figure 1; a dose response curve for
10 this Example is given in Figure 2.
TABLE II

Neurite Qutgrowth in Chick DRG

Example No. EDy;,, neurite outgrowth, nM
: o1 53
s 2 105
3 149
4 150
5 10
6 75
20 10 0.46
11 0.015
14 2
15 0.8
le 0.01%
25 17 0.05
18 30
15 &
20 0.13
21 0.025
30 22 0.68
23 1100
24 0.014
25 0.50
26 2
3s 27 500
28 Q.50
29 10
30 100

Sciatie Nerve Axotomy

- 40 Six-wesk old male Spracue-Dawley rats were



were counted as positive, with total nunmber of neuz-ites quantitated per
each experinental condition.. Three to 5 four DRGs are cultured per well,
and each treatment was performed in duplicate. The data for thgsMAY 200k
experinments are 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. TABLE Il Neurite Qutgrowth in Chick DRG
Exanmple No. 153 4 5 6 20 10 11 14 15 16 25 17 18 19 20 21 30 22

23 24 25 38
anesthetized, and the sciatic nerve exposed and
crushed, at the level cf the kip, by forceps. Test
compounids or vehicle wers administered subcutaneously
just prior to the lesion and daily for the folliowing 18
5 days. Sections of the sciatic nerve were stained with

Eolmes silvar stain to quantify the number of axons,
and Luxol fast blue to quantiiy the level of
myelination. Eighteen days after lesicn, 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 Created with vehicle.

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 cémpared to non-lesioned
control) and the degree of myéiination {50% decrease as
compared to control) as compared to vehicle treated
animals. The significant efficacy of Example 1 is

20 consistent with its potent activity in inhibiting
rotamase activity and stimulating neurite outgrowth in
chick DRGs. These results are shown in Figure 3. "“Sham”
denotes control animals that received vehicle bué'were
not lesioned; "“Vehicle” denotes animals that were

25 lesioned and received only vehicle (i.e., no drug} .
Example 1 showed a striking similarity to the sham

treated animals, demonstrating the powerful

nReuroregenerative effects of these compounds in vive.
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0.50 2 500 0.50 10 7 MAY 1004
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Inactive is a compound that is inactive as an FXBPi2
inhibitor. Animals treated with this compound resembled
the vehicle-treated lesioned animals, consisten:r wich
the neuroregenerative results bbserved with Example 1
being directly caused by its inhibition of FKBP1?.

Quantitacion for these data ars shown ir Table III.

Table III
Treatment Axon Number Myelin Level
(% Control)

Sham 100 100

Lesion:

+ Vehicle (s.c.) 50 10

+ Example 1 100 S0

(30 mg/

kg s.c.)

+ Inactive 25 25

(30 mg/kg s.c.)

MPTP Model of Parkinson’s Disease in Mice

MPTP lesioning of dopamiq?rgic neurons in mice was
used as an animal model of Pafkinson's Disease. Four
week old male CD1 white mice were dosed i.p. with 3¢
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
cessation of MPTP treatment. At 18 days following MPTP
treatment, the animals were sacrificed and the striata
were dissected and homogenized. Binding of [3H)CFT, a
radioligand for the dopamine transporter, to the
stiatal membranes was dons te quantitate the level of
the dopamine transporter (DAT) following lesion and

drug creatment. Immunostaining was performed on



. 100 sciatic Nerve Axotony 40 Six-week old nmale Sprague-Dawl ey rats were 7
" MAY 2004 39 anesthetized, and the sciatic nerve exposed and crushed, at
the level of the hip, by forceps. Test conpounds or vehicle were
adm ni st ered subcut aneously just prior to the lesion and daily fofﬁhﬁ?%l
following 18 5 days. Sections of the sciatic nerve were stained w
Hol nes silver stain to quantify the nunber of axons, and Luxol fast blue
to quantify the level of nyelination. Eighteen days after |esion, there
was a significant decrease in the nunbéf of axons (50, 10 decrease as
conpared to non-1|esioned control) and degree of nyelination (90e decrease
as conpared tSGITHT2Y ESIhRAF WoHt L1 re et s tusht@edamd § heyehicle.
Admi nistration of Exanple 1 (30 ng/kg s.c.), just prior to the lesion and
dai |y for 18h¥yspcflaiseovindga ke Jasst o rrisal tah | ve Shanif | gant
regeneration of both axon nunber (5? decrease as conpared to non-|esioned
control) anda9RamdemTes. Ofianrsiisnatito Ry Bl o erresnsed asit g qupes eghd 0
control) as conpared to vehicle treated aninmals. The significant efficacy
of Exanpl e 1vehimleomsisikgraniidd ilspabniumctiondy dopamindidiang
rotamase activity and stinmulating neurite outgrowh in chick . These
results ate SIEGWHIH FiWRF CREervSh@s qlemmiesi conmtnoh - e iedes t hat
recei ved vehicle but were not |esioned; "Vehicle" denotes aninmals that
were 25 | esi GRdd3Ef ARsiqnas Giiyalehingeeiving Exampteig)7 showed a

nearly quantitative recovery cf TE-stained dopaminergic
neurons.
Figures 4 and S 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
[3B] -CFT binding, relative to animals receiving MPTP
15 but not the Guilford compounds. Figure 5 gives this
data in bar graph forml It is shown that animals
receiving 40 mg/kg of ExampleﬁiT 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 Exampile 17,
as compared to animals that received lesicning agent
25 but no drug (MPTP/Vehicle).
The following examples are illustrative of
preferred embodiments ©f the invention and are not to

be conscrued as limiting the invention thereto. A1l



Exanple 1 showed a striking simlarity to the sham treated ani mals,
denonstrating the powerful neuroregenerative effects of these conpounds in
vivo. 7 MAY 1404 39 |Inactive is a conpound that is inactive as an FKBP12
inhibitor. Animals treated with this conmpound resenbled the 7 MAY 2004
vehicle-treated | esioned animals, consistent with the neu_oregenerative
results observed with Exanple I 5 being directly caused by its inhibition
of FKBP12. C(Quantitation for these data e shown in Table I11. Table II
Treat ment Axon Nunber Myelin Level ('s ntrol) 10 Sham 100 100 Lesion: +

Vehicle (s.c.3,9P:.10, 100 30 [ 15 k + I nactive 25
25 I(30 gg/kd%s <) Rﬁﬂ%ﬁ%gg?#gpg Pgrk?ggo% snggégﬁséqgnawfcéoﬁPTP '

I f 20 d I d
of “Parki nson” & by CeReE e oty -ahok AP d Hgl o CRR AT E REES Sner Bidosed | b

th 30 / T 10-40_ny/ kqg) hi cl
ver o adm nr st S o L ERE e VRLEREVBTR far- 8azgec elaekhese for an

addi tional 5 oIIo o] f _MPTR trea nent At 18 days
fol | owi ng NPT%@&’&hE;. X‘ii‘%é?e&ﬁéﬁ&&g 3-8 pdbed 6n°Fhetpercan: by y

5 weight of the final delivery system or formulation
prepar=d unless otherwise indicated and all totails
equal 100% by weight.

EXAMPLES
The inventive compounds may be prepared by a
10 wvariety of synthetic sequences that utilize established
chemical .transformations. The general pathway to the
pPresent compounds is described in Scheme 1. N-
glyoxylproline derivatives may be prepared by reacting'
L-proline methyl ester with methyl oxalyl chloride as
15 shown in Scheme I. The resulting oxamates may be
reacted with a variety of carbon nucleophiles to obtain
intermediates compounds. Thé;é intermediates are then
reacted with a variety of alcohols, amides, or
protected amino acid residues to obtain the propyl

20 esters and amides of the invention.



treatnment, the animals were sacrificed and the striata were dissected and
honogeni zed. Binding of [3H CFT, a radioligand for the dopam ne
transporter, to the stiatal nenbranes was done to quantitate t?jéé ﬁ;l of
30 the dopam ne transporter (DAT) following |lesion and drug t

| rnnunost ai ni ng was perforned or. 7 MAY 2004 40 saggital and coronal brain
sections using anti-tyrosine hydoxylase Ig to quantitate survival and
recove--v of dopam nergic neurons. in aninmals treated with MPTP and
vehicl e, a substantial |oss of functicwwﬂzdopaninergic 5 term nal s was
observed as conpared to non-1lesioned _ animals. Lesioned aninmals receiving
Exanpl e 17 showed a nearly quantlta§¥¥331%@@very of TH stai ned

dopam nergic neurons. Figures 4 and 5 show the quantitation in DAT 10

| evel s, whereas figures 6-6;are photonicrographs showi ng the regenerative
effects of Exanple 17 in this nmodel . Figure 4 denpnstrates the significant
recovery in functional dgpéﬁyﬁﬁﬁglc termnals, as assayed by [3H -CFT
binding, relative to ani mals Jece|V| MPTP | S but nat the GQuil ford
conpounds. Fi guye gives this datalin\bargraph W1t is shown that

ani mal s recei vi hg, 20-pg kg of Exanplewf?jrh add“T‘TﬁTTﬂTﬂWPTP mani fested a
greater than 90°'s recovéry of [3H-CF ke ndi ng. As shown in Figures 6-8,

i mrunost ai ning for 20 tyrosine hyd? yl 8se (a marker of viable dopani nergic
neurons) in the striatum the nigra,ceapd the nedial forebrain bundle,

shows a clear and gﬁmked recoveLM_of vz
g —_— CH -
f MeCH/H5Q v il Couelirg mesmce
U:y/\c O\JL}QG
, 5
R A

EXAMPLE 1

Synthesis of 3-phenyl-l-propyl (2$)-1-(3, 3-dimethyl-
1,2-dioxopentyl)-2- pyrrolldlnecarboxylate (Example 1).
S Synthesis of methyl (25)31 {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 mmal; 2.1 eq). After stirring the formed slurry
under a nitrogen atmosphere for 15 min, a solution of
methyl oxalyl chloride (3.20 g; 26.12 mmeol) in
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 MgSC, and concerntrated.



functional neurons in animals that received Exanple 17, as conpared to

animal s that received | esioning agent 25 but no drug (MPTP/ Vehicle). The
fol l owing exanples are illustrative of preferred embodi ments of t At 2004
i nvention and are not to be construed as limting the invention thereto.

Al 7 MAY 2004 41 preferred enbodi nents of the invention and are not to be
construed as limting the invention thereto. Al polyner nol ecul ar weights
are nmean average nol ecular weights. All,percentages are based on the

percent by 5 weight of the final delivery systemor fornulation prepared
unl ess othervyge todieared;and aub batals..equal, 19916 by vei ght = EXAMPLES
b ed by

The i nventive conpounds may be preparé

A aritet G lsyawtlhvetd,c

a

sequences thaélggghgzgigﬁtgggiggﬁgl gheoical , transformations. The general

pathway to the preSent conpoun

S¥ i s qESErThal T e0kent ol chNain

delor wth meihyT BaryE oRlorfacP Se eI CHauR FRoGiABe L. thescrasul L1 1

ester with nethyl oxalyl c

e as rrr

oxamates nmay He c{gagfggs¥%&gdg_ygggﬁgysofdgarbgn nucl eophil es to obtain

I nt er medi at es conpounds.

ese i nternedi at €5 -8r &°Fnh&fansSezotedeki th a

variety ok al €ohehsS, ‘1 afMES; rolected.amino acj.d residues to obtain the
§ e crs1,p eched JlEu vl

propyl 20 es

ers and am de he i nvenfi on. ’ P Fodd A, 2E);

3.62 (m, 2H); 3.71 (s, 3H); 3.79, 3.8¢ ( s, 3% total):

4.86 (ad, 1H, J = B.4, 3.3).
Synthesis of methyl (2S)~1-(l,2—dioxo-3,3-
dimethylpentyl)-2-pyrrolidinecarboxylate.

10 A solution of methyl (25)-1-(1,2-dioxo-2-
methoxyethyl) -2-pyrrolidinecarboxvlate (2.35 g; 10.9¢
mmol) in 30 mL of tetrahydrofuran (THF) was cooled to
-78°C and treated wi&h 14.2 mL of a 1.0 M solution of
1,1-dimethylpropylmagnesium chloride in THEF. After

15 stirring the resulting homogeneous mixture at -78°C for
three hours, the mixture was poured into saturated
ammonium chloride {100 -mL) anéhextracted into ethyl
acetate. The organic phase was washed with water,
dried, and concentrated, and the crude material

20 obtained upon removal of the solvent 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 (dm, 2H}); 1.87-2.10 {(m, 3H);

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

T = 8.4, 3.4).
Synthesis of (28})-1-(1,2-dioxo-3,3-

dimethylpentyl)-2-pyrrolidinecarboxylic acid.



Schene 11 C C~c NFt 1 hleCF/ H-Q
EXAMPLE -1 Synthesis of 3-phenyl-I|-propyl

|1Z -~c CFAG5I

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

1, 2-di oxopentyl)-2-pyrrolidinecarboxyl ate (Exanple 1).

(29)' " 1-

(1, 2-dioxo-2 nethoxyethyl)-2-pyrrolidinecarboxyl ate.

Synt hesi s

a AlZL nmeX

TorAY ARk, |

A sol ution

of L-proline nethyl ester
net hyl ene chl ori de was

hydrochl ori de (3.08 g;

18. 60 mmol )°

in-dry-

cooled to OC and treated with triethylamne (3.92

g; 10 38.74 mol ;

2.1 eq).

After stirring the formed slurry under a

ni trogen atnosphere for

15 m n,

a sol ution of

met hyl

oxal yl

chloride (3.20

81 g, @dgggxgrgpg\n s¢€.

g; 26.12 mmol) in ety ens o Qﬁé@@yi‘lﬁz

resulting mxture was stirred at 0C f

5 hr.

The

dlmethyipentyl)—2—pyrrollalnecarbcxylate (2.10 g; 8.23

mmol), 1 N LiOH (15 mL), and methanol (50 mL) was

stirred at 0°C for 30 min and at room temperature

5 overnight. The mixture was acidified to pH 1 with 1 N

HC1l, diluted with water, and extracted into 100 mlL of

methylene 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 (CDCl1l,): 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 (d4dd, 1H, J

.6, 4.1} .

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

15 dimethyl-1,2-dioxopentyl)-2-pyrrolidinecarboxylate

(Example 1). A mixture of (2S)-1-(1,2-dioxo-3,3-

dimethylpentyl)~2-pyrrolidineibarboxylic acid (600 mg;

2.49 mmol), 3-phenyl-l-propanol (508 mg; 3.73 mmol),

dicyclohexylcarbodiimide (822 mg; 3.98 mmol),

20 camphorsulphonic acid (1%0 mg; 0.8 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 column (25%

ethyl acerate in hexane) to obtain 720 mg (80%) of

Example 1 as a colorless oil. 'H NMR (CDCl,;): d ©.84

.19 (s, 3HY; 1.23 (s, 3H); 1.70 {(dm, 2H);



15 filtering to renove solids, the organic phase was washed with water,
dried over MgSO4 and concentrated. 7 MAY 1444 43 The crude residue was
purified on a silica gel colum:, eluting with 50s ethyl acetate in
hexane, to obtain 3.52 g (880) of the product as a reddish oil.7MA2Wke

of cis-trans am de rotaners; data for trans rotanmer 5 given. 1H NVR (CDC 3)
> d .1.93 (dm 2H) ; 2.17 (m 2H) ; 3.62 (m 2H); 3.71 (s, 3H); 3.79, 3.84
(s, 3Htotal); 4.86 (dd, 1H, J = 8.4, 3.3) . Synthesis of nethyl
(25)-1-(1, 2-di oxo- 3, 3- dinethyl pentyl)-2-g9rrolidinecarboxylate. 10 A
solution of nethyl (2S)-1-(1,2-dioxo-2

met hoxyet hyl ) -2-99r fwl | T necar boxyhat BH{ 2. 3569; (H0. 98) , myok) i(@ ﬁ%_gL of
tetrahydrofuran (THF) was cooled to -78C and treated with 14.2’nf"of a 1.0

M sol ution of 4,14 dimet2¥) propgyl megnestium thieride sg) THE. zg\ft(rﬁr %__51
stirring the resulting honmbgeneous mixture at -78C for' three houf3d the

m xture was poured into saturated anmoniumchloride (100-M) and extracted
into ethyl acetate. The organi c phase was washed with water, dried, and
concentrated, and tTe m&n:lmdrmferExémﬁDeobtﬁ&@eﬁtQPQQeéegﬁv%egg, he
solvent was purified on a silica gel colum, eluting wt a ethyl
acetate in hétendoklowibiaiinl idirar {Fbagxahplde. oxanate as a colorless
oil. 1H NWR (CDC13) : d 0.88 (t, 3H) ; 1-.22, 1.26 (s, 3H each); 1.75 (dm
2H); 1.87-2. 1EXaRP3H)2: 25 ohaty/ (M -fddp: 2 3(BA-€my1 2ths) - B. 7§ §s. 3H ;

4.52 (dm 1H, J =8.4, 3.4).
dimethyl-1,2- ioxopentyl)-2-pyrrolidinecarboxylate,
80%, 'E 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, l1H, 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); 1.71 (dm, 2H); 1.98 (m, SH);
2.24 (m, 1H); 2.63 (m, 2H); 3.51 (¢, 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-trimecthoxyphenyl) -1-prop-2- (E) -enyl
(28)—1-(3,3~dimethyl—1,2-dioxOpentyl)-2~pyrrolidine
20 carboxylate, 66%, 'H NMR (CDCl,): d 0.85 (¢, 3H); 1.22
(s, 3H); 1.25 (s, 3H); 1.50-2.11 (m, 5H); 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 (&, 1H, J =
16}; 6.63 (s, 2H).
25 Example §: 3-(4,5-mechylenedioxyphenyl) -1-propyl (25) -

1-(3,3-dimechyl-~1,2-dioxopentyl)-2-pyrrolidine-



O

Synt hesis of (2S)-1--(1, 2-di oxo-3, 3-

di nmet hyl pentyl)-2-pyrrolidinecarboxylic acid. 7 MAY 1004 44 A m xture of
met hyl (2S)-1-(I, 2-di oxo-3,3 dinethyl pentyl)-2-pyrralidinecar boxyl7aMEY 7@%. 10
g; 823 mol), 1 NLiOH (15 nL), and nethanol (50 nmL) was stirred at 0OC
for 30 mn and at roomtenperature 5 overnight. The m xture was acidified
to pH1 with I N HCL, diluted wwth water, and extracted into 100 nL of

nmet hyl ene chl oride. The organic extract was washed with brine and
concentrated to deliver 1.73 g (871) of asmow white solid which did not
require further purification. 10 I-H NWR (CDC13): d 0.87 (t, 3H); 1.22,

1.25 (s, 3H cmtiyxvi07g, §2%m 2% NMR 02 domv=H) o] (@ ollk: 2.25 (m
1H); 3.53 (dd, 2H, J = 10.4, 7.3); 4.55 (dd, 1H J 8.6, 2]5.3) Synt hesi s of
3-phenyl - | - prOpy3H 2S) -22 (85 3-3db; 1.25 (s, 3¥); 1.60-2.10, (m,. S

di net hyl - 1, 2-di oxopentyl)-2-pyrrolidinecarboxylate (Exanple 1)7 A" m xture
of (295)-1-(1,2-3k0k073, Gu, d2EEf hyl pBNntygd) - 2 pysrol 3 dyneg=gar bpxylic acid
(600 nmy; 2.49 nmol), 3-phenyl-I|-propanol (508 ng; 3.73 mol), ~~

di cycl ohexy! car8zodimni 2K ( 822946y(s 3. 28) pmwl )0 2R, camphog syhphggi ¢, acid (150
ng; 0.8 nmmol) and 4- di net hyl am napyridine (100 ng; 0.8 mmol) T h 1et hyl ene
chloride $20 19 &w&. st3r8ked &ves nightimnder=agnofyogess ahgosphere. The

—_——

reaction mixture was filtered through Celite to renove solrds ahd
concentrat ed 3 it vdhcud, Clandé 253 t he, ctiide material was purified on a flash
colum (25% ethyl acetate in hexane) to obtain 720 ng (80% of
Example 6: 3-(4,S—methylenedioxyphenyl)-l-prop-z-{E)‘
enyl (2S}-1-(3,3-dimethyl-1,2-dioxopentyl)-2-
pyrrolidinecarboxylate, 82%, 'E NMR (360 MHz, CDCl,): &
10 0.86 (&, 3H); 1.22 (s, 3H); 1.25 (s, 3H); 1.60-2.10 (m,
SH); 2.10-2.39 (m, 1H); 3.36-3.7% {m, 2H); 4.53 (44,
1H, J = 3.8, 8.6); 4.6}-4.89 (m, 2H}; S.96 (s, 2H);
6.10 (m, 1H}; 6.57 (dd, 1H, J = 6.2, 15.8); €.75 (4,
1H, J = 8.0); 6.83 (dd, 1K, J = 1.3, 8.0)}; 6.93 (s,
15 1H) .
Example 8: 3-cyclohexyl—1--prcpf:2-(E) -enyl (2S)-1-(3,3-
dimethyl-1, 2-dioxopentyl) -2 -pi.j:'rrclidinecarboxylate ,
92%, 'H NMR (360 MHz, CDCl,): & 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-i-propyl (2S)-1-(3,3-
dimethyl-1, 2-dioxopentyl) -2-pyrrolidinecarboxylait'e,
90%, 'H NMR (360 MHz, CDCl;): & 0.85 (%, 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 (&,

1H, §J - 1.8, €.7); 7.05-7.21 (m, 3B}; 7.21-7.46 {m,



Exanple 1 as a colorless oil. 1H NWR (CDC13) : d 0.84 (t, 3H); 1.19 (s,

3H) ; 1.23 (s, 3H) ; 1.70 (dm 2H) ; 7 MAY 2044 45 1 . 98 (m 5E) . 2.22
(m 1H ; 2 .64 (m 2W; 3 .47 (m 2H 4.14 (m 2H) 4.51 (d, 1Hy ﬁ]Zﬂﬂ?(m
3H); 7.26 (m 2) The nethod of Exanple 1 was utilized to prepare 't
following illustrative exanples: 5 Exanple 2: 3-phenyl -1-prop-2-(E)-enyl
(2S5)-1-(3,3- dinmethyl -1,2-dioxopentyl)-2-pyrrolidinecarboxylate, 80':, 1F
NVR (360 Mz, CDCI3) : d 0.86 (t, 3H) ; 4321 (s, 3H) 1.25 (s, 3H)
1.54-2.10 (m 5H); 2.10-2.37 (m 1H); 3.52-3.55 (m ZFD 4.56 (dd, IF., |

3.8, 8.9); BRadp¥8-70833(phert . 16p24(M 216675 LH, J 15.9) ;
7 13-7.50 (m 5H). Exanpleﬁlée g& i Ep? rléght%oxyp enfo 1: pr pyI

29)-i- (3, 3-Hipeh boxy! 61V, 1H
(NI\/R)(ICDC(13) 50 8131/1({émﬁ{gL@xggg%zhhl%eeg%ekﬁégg %éHﬁj ey (dm 2H)

; 1.98 (m S 224 2.63.4m1 2H) p 3.79 (s,
3H) $Ms (H)sm%H) 4 1§1m(:%nwzf|i) 4é5ssgitm 1 %}3)3’65% #, h) E@carrpfe= -(
3-(3,4,5-tri mempxyphﬁgym 12RY OPa 234 E)menyls,

(2S)-1-(3,3-di net hyl - 1, 2- di oxopent yl) - pyrrolldlne 58 ‘A 60x§|a@e 66% 1H

NVR ( CDC1 l, 018p. (1.18 ql 2 25 3 1.50-2.11
SFD;(Z.lls) 48 (m ﬁlﬁb;l gr 2 {ﬂ Sﬁ§ $F%% tm F§g§3 SED(S 6H) 4, 5%m

2 25 Exannie o) 3 (4 ?ﬁ%‘?ﬁ; EhééF%;’yoﬁeﬁéf§d% SFogyRipse e 02 (5
1- (3, 3-di met hyhidnyl i oxiopent ypyr2obYHigkbdbBExylate, B81%, 'HE nMm

(300 MEz, CDCL,): & 1.88-2.41 (m, 6H); 2.72 (dm, 28,
3.72 (m, 2H); 4.05 (m, 1lE); 4.22 {(m, 1H); 4.64 {(m, 1H):

10 7.13-7.29 (m, 6H); 7.75 (dm, 1H); 8.05 (m, 1H).
Exampie 13: 3-phenyl-l-propyl (2S)-1-(1,2-dioxo-32-
phenyl)ethyl-2-pyrrolidinecarboxylate, 99%, H NMR (300
MHZz, CQCl,): 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); 6.95-

15 7.28 (m, SH); 7.51-7.64 (m, 3H); 8.03-8.09 (m, 2H).
Example 14: 3-(2,5-dimethoxyphenyl)-1-propyl (28)-1-
{3,3-dimethyl-1,2-dioxopentyljlz-pyrrolidine-
carboxylate, 99%, 'H NMR (300 MHz, CDCl,): 4 0.87 (t,
3H); 1.22 (s, 3H); 1.26 (s, 3H); 1.69 (m, 2H); 1.96 (m,

20 SH); 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,): d 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



7 MAY 2004 46 carboxvlate, 82 v, "HNWR (360 ? z, CDC1,) : d 0.86 (t,3H);
1.22 (s, 3H); 1.25 (s, 3H); 1.60-2.10 (m 5H 3.36-3.79 (m 2H); 4.53 (dd,
1H, J = 3.8, 8.6); 4.61- 4.89 (m 2H) ; 5.90" (s, 211); 6.10 (m WA'ZHE‘E?
(dd, 1H, 5J =6.2, 15.8); 6.75 (d, 1H, J = 8.0); 6.83 (dd, =H, J YS)
8.0); 6.93 (s, 1H). Exanple 6: 3-(4,5-nethyl enedl oxyanenyl)-1-prop-2-(7)-
enyl (2S)-1-(3,3-dinethyl-I,2-di oxopentyl)-2- pyrralidinecarboxylate, 82:,
IH NMR (360 MHz, CDC1,) : d 10 0.86 (t, 34§; 1.22 (s, 3H; 1.25 (s, 3H);
1.60-2.10 (m 5H); 2.10'-2.39 (m IH; 3.36-3.79 (m 2H); 4.53 (dd, 1H, J
= 3.8, 8.6); 4({@1,4189 {n¥ 25|)S)5. g696@s,(s2HLE) .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, 8.0); 6.93
(s

15 1H} . Blempbbe8163- EyéBoheiytrimathpx?shEhyemyh. é%ﬁé, (%%ﬁs
di rret hyl - 1, 2- di oxopentyl ) -2-pyrrolidi necarboxyl ate, 92k (360 Mz,

CcDC13) : d o.863(1;dmthyl.-lazidﬂexopmtylz-sLpgirebud%iet-ot al); 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, CE!JH)°>¢YB$B®;5982 (t,NMRH, (A0 0= M D, Olﬁt)l ) :BExganpl g49: (c,
(1R -1, 3- D|phenyl-l-propyl (2S)-1-(3,3- dinethyl-1
2-di oxopenﬁyl )3 pykr 1% i 05 nedHEl boxyRat és, 9B5; 1WNNM36QHM;|ZJ__@@C13) . d
0.85 (t, 3H) ; 1.20 (s, 25 3H); 1. 23 (s, 3H); 1. 49 2.39 (m 7H); 2.46-2.86
6.7); 05721(m 3H); 721746(m 7H) .
(s, 3H); 3.83 (s, 3H); 4.14 {(m, 2H); 4.52 (m, 1H); 6.386
(s, 2H}.
Example 17: 3-(3-Pyridyl)-l-propyl (25)-1-(3,3-
10 dimethyl-1,2-dioxopentyl) -2-pyrrolidinecarboxylate,
80%, 'H NMR (CDCl,, 300 MHz): d 0.85 (t, 3H); 1.23,
1.26 (s, 3H each); 1.63-1.8% (m, 2H); 1.90-2.30 (m,
4H); 2.30-2.50 (m, 1E); 2.72 (t, 2H); 3.53 (m, 2H) ;
4.19 {m, 2H); 4.53 (m, 1H); 7.22 (m, 1H); 7.53 (dd,
15 1H) ; 8.45.
Example 18: 3-(2-Pyridyl)-1-propyl (25})-1-(3,3-
dimethyl-1, 2-dioxopentyl) -2 -p‘yi'rolidinecarboxylate ,
88%, *H NMR (CDCl,, 300 MHz): d 0.84 (t, 3H); 1.22,
1.27 (s, 3H each); 1.68-2.32 (m, 8H); 2.88 (t, 2H, J =
20 7.8); 3.52 (m, 2H); 4.20 (m, 2H); 4.51 (m, 1H); 7.0%-
7.29 (m, 2H); 7.5 (m, 1H); 8.53 (d, 1H, J = 4.9).
‘Example 19: 3-(4-Pyridyl)-l-propyl (28)-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 (4, 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); 0.8% (¢, 3H,

J = 7.5).



7 MAY 200k 47 Exanple 10: 3-phenyl-1-propyl (2S)-1-(1,2-dioxo-2-[2-
furanyl])ethyl -2-pyrrolidineca_boxyiate, 99% 1H NMR (300 :'K, CDC13) :
di. 66-2.41 (m 6H) ; 2.72 (t, 2H, J _ 7.5); 3.75 (m 2H) ; 4.21 (m 2H)
; 4.61 (m 1H); 6.58 5 (m 1H) ; 7.16-7.29 (m 5H); 7.73 (m 2H) .7 ¥Nai§l e
11: 3-phenyl -i-propyl (2S)-1-(1,2-dioxo-2-[2- thienyll)ethyl
-2-pyrrolidinecarboxvlate, 81% 1H NM (300 MHz, 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); 10713729(m 6H) ; 7.75 (dm 1H% 8.05 (m 1H). Exanple 13:

3- phenyl - 1- pro Tﬁi 1 2- di oxo- 2- phenyl)ethyl-
2-pyrroI|d|n I Qe ggqenerkmmr@BQD RG&-'szacyclode&¥9212 532 (m
6H) ; 2.74(t,.2H = 5); 3.57.(m 2H); 4.24 (m 2H); 4.67 ( 1H);
6.95 15 7. 28 FAXeRHRYY) 5%-9%&0%#@13&;?80@31&99 6%, 21 .NveExanpl e 14
3-(2, 5- dlnethQ¥¥ hen§ﬁ) ropyl (2S)-1-

(3, 3- di met hyl {99k di 368 2;)| K 2--Bfrlol3Ni ie- Garbaxydate,399% 1H NWR
(300 MHz, CIKH.% 0.87 It 3H 04 1.22 (s, 3H) ; '1.26 (s, 3H ; 1.69
(m 2H : 1.96%Fm 2205%I—bt 2i124 qnf 1Hy) ; 23 685 (fgm2H.Y) 3. 5566 m(m2H) ; 3. 75
(s, 3H 377( 2H) ; 4-53 (d, 1H) ; 6.72 (m 3H).
Exanpl e 18: 2 5 d}rﬁmf‘ﬁox%henﬁlﬁ?‘& brop- 2 ( E}Eengtal) ; 7.19 (m,
(2S)-1-(3, 3(%&2;:% -1, ? dloxopentyl) 2- pyrroI|d|ne 250arboxy|ate 99% 1H
NVR (300 MHz 1 ) B g4t t, 314);1.22(s,3H) ;1.26(S,3H) ;1.67(m 2H)

$1.78(m 1 07 6 52 :3.78(s, 3F):3.80(s,3
4, 54§nm1 1F;-? ?ﬂéﬁ%g )6322@&%?? pmpsgl t2d) i ~(2(§ert k)mtyl z(Lsz-H)

dioxoethyl) -2-pyrrolidinecarboxylate, 92%. H NMR

r

A\

(CDCI,, 300 MHz): d 1.29 (s, 9H); 1.94-2.03 {m, S5H):

10 2.21 (m, 1H); 2.69% (m, 2H); 3.50-3.52 {m, 2H); 4.16 (m,
2H); ¢.53 (m, 1H); 7.19 (m, 3H); 7.30 (m, 2H).

Example 22: 3-phenyl-l-propyl (2S) -1-(2-cyclohexyl -
ethyl-l,z-dioxoethyl)-2-pyrrolidinecarboxylate, 97%, H
NMR (CDCl1l,, 300 MHz): d 0:88 (m, 2H); 1.16 (m, 4H);

15 1.43-1.51 (m, 2K); 1.67 (m, S5H); 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, SH)

Example 23: 3-(3-pyridyl)-1l-propyl (2S)-1i-(2-cyclo-
hexylethyl-l,2-dioxoethyl)—2-pyrrolidinecarboxylate,

20 70%, ‘'H NMR (CDCl,, 300 MHz): d 0.87 (m, 2H); 1.16 (m,
4H); 1.49 (m, 2H); 1.68 (m, 4H); 1.55-2.32 (m, 7H);
2.71 (m, 2H); 2.85 (m, 2H); 3.63-3.78 (m, 2H); 4.19 (m,
2H); S5.30 {(m, 1H); 7.23 (m, 1H); 7.53 {(m, 1H}; B.46 (m,
2H) .

25 Example 24: 3-(3-pyridyl)-i-propyl (28)-1-(2-tert-
hutyl-l,2-dioxoethyl)~2-pyrrolidinecarboxylate, 83%, 'H
NMR (CDCl,, 300 MHz): d 1.29 (s, 9H); 1.95-2.04 (m,

SH); 2.31 {m, 1H}; 2.72 (t, 25, J = 7.5); 3.52 (m, 2H)};



7 MAY 2004 48 (dt, 1r' _, J =15. 9) ; 6.98 (s, IH Exanple 16:
2-(3,4,5-trimethoxyphenyl)-1-ethyl (2S)-,- (3, 3-dinethyl-1, 2 dioxopentyl)
-2-pyrrolidine- carboxylate, 9701, 1H NWR (300 WMHz, CDC13) : %ﬁﬂﬁ

3H) : 1.15 (s, 3H) ; 1.24 (s, 3H): 1.71 (dm 2H ; 1.98 (m 5H) iﬂ”‘(m
1111); 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). Exanple 17: 3-(3-Pyridyl)-1-propyl
(2S)-1-(3,3 10 di met hyl -1, 2-di oxopentyl)-2-pyrrolidinecarboxylate, S0% 'H
NVR (CDC13, 300 MHz) : d 0.85 (t, 3H) ;s53.23, 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) .14 5&,(m=)5HE. 52 26 (mx)lH)7 1. 53 ddh, &f 1H) 58 45.
Exanpl e 18: 3-(2-Pyridyl)-1-propyl (2S)-1-(3, 3- LT i

di met hyl - 1, 21di)gx@perst Vim,- 2Hy.rrol i di necar boxyl ate, 88% 1H NWVR (CDCL3,
300 MHz) : d 0.84 (t, 3H ; 1.22, 1.27 (s, 3Heach); 1.68-2.32 (m 8H);

2.88 (t, 2H, Ekamgde 25) 3,3 &2 diama ), 7. 09-
7.19 Em i (m)lH) 8%3ndm1|—#%%’j(mzsml 6351‘14%‘:%1

3- (4- Pyri dyl 1-, 2kdicaagent38)) éE%ﬁ&ﬁiol1d1n=carboxvlate 99%, K

di met hyl - 1, 2- di oxopentyl ) -2-pyrrolidi necarboxyl ate, 91% 1H CDC13,

300 MHz) 2 d(E€DZ2+6. 800{MHzAH) d; 06888 (25 6aYy ;1H) 215. g52@d(slH o = 5.7)

4.12 (m 1H ; 408(s 3H); 3.79 (s, 3H); 330(m 2H); g(m 1m

1.85- 1.22 (mach)); 1.562%2.0x @) sE)l. 28 38, (@HLH)0- 829_45,(,§'H,2h)\1' = 7.5).
3.51 (m, 2H); 4.08 (m, 3H); 4.52 (m, 1E}; 7.18-7.31 (m,

10H) .
Example 26: 3-(3-pyridyl}-l-propyl (25)-1-(2-cyclo-

18 hexyl-1,2-dioxoethyl)-2-pyrrolidinecarboxylate, 88%, B
NMR (CDCl,, 300 MHz): d 1.24-1.28 (m, S5H); 1.88-2.35
(m, 11H); 2.72 (t, 2H, J = 7.5); 3.00-3.33 {dm, 1H);
3.6% (m, 2H); 4.19 (m, 2H); 4.55 (m, 1H}; 7.20-7.24 (m,

" 1H); 7.53 (m, 1E); 8.47 {(m, 2H).

15 Example 27: 3-(3-Pyridy1)-1-propyl (2S) -N-([2-thienyl]
glyoxyl)pyrrolldlnecarboxylate, 49%, ‘H NMR (CDCl,, 300
MHz): d 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); B8.04 (d, 1H}; 8.46 (m, 2H).

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

25 Example 29: 3,3-Diphenyl-l-propyl (2S5)-l1-cyclohexyl
glyoxyl-2-pyrrolidinecarboxylate, 91%, *H NMR (CDCl,,
3t0 MHz): 4 1.32 (m, &H); 1.54-2.41 (m, 10H}; 3.20

{dm, 1#); 3.69 (m, 2H); 4.12 (m, 4H}; 2.52 (&, 1H);



7 MAY 7004 49 Exanple 20: 3-phenyl-I1-Propyl (2S)--1-(2-cyclohexyl-j, 2-

di oxcet hyl)-2-pyr--(olidinecarboxvlate, 91% lu NIfR (CIDC13, 300 MHz) : d
1. 09-1.33 (m S.H) ; 1. 62-2.33 (m 12H); 2.69 )t, 2H, J = 7.5); 3.15
(dm 1H); 3.68 (m 5 2H); 4.16 (m 2H); 4.53, 4.84 (d, 2.H total); 77MAYRIGm
3H); 7.29 (m 2H). Exanple 21: 3-phenyl-I-propyl

(2S)-1-(2-tez-c-butyl-I1.,2- dioxoethyl)-2-pyrralid.inecarboxylate, 921, IH
NVR (CDC13, 300 MHz) : d 1.29 (s, 9H) ; 1.94-2.03 (m 5H) 10 2.21 (m 1H);
2.69 (m 2H); 350352 (m 2H); 4.16 (m312H) ; 4.53- (m IH ; 7.19 (m

3F.) ; 7.30 5; Exanple 22: 3-phenyl -i-propyl (2S)-1-(2-cycl ohexyl -
ethyl-1,2-dio oeztshy”) 2—06Jy)rfol I di necar boxylate, 97k, 1H NWR (Cr)CI3, 300
MHiz) : d O 8 m - 16 (m 4H 15 1.43-1.51 (m 2H); 1.67 (m SH);
1.94-2.01 (m Dl °23e% é B ALyl - B- 523 7715 - 2H) 2 - dp ;g,né 2H) ;

4.86 (m JH); é 17-7. 32 SH). Exanple 23. 3-(3- pyrldyl)-l-pr gbl
(25)-1-(2-cych Y%%w%mmt@lzilm@mmmaczepymm i 1gi Rgga late, 20
7016, I-H NNR CDClS 300 NPE) d 0.87 (m 2H) ; 1.16 (n1 41 31, 49
(m 2H) ; | Og M) <41 2-0f (91,511:)2 R 24mn7HE);; 2.44 g@w 2H); 2.85
(m 2H); E3 53,78 (M 2H); (m 2H); 5.30 (m 1H); 7.23' (M 1H); 7.53

(m IH: & 46 (FﬁD (3py) 2585’ éxaﬁr%m 14 (8- (B pysiadyl ) -4 -qu opy! 1
(2S)-J-(2- ter %PE -1, 2- d3'-oxoet 1) - 2- pyrralldlnecarboxy1ate 83% 1H
NVR (CDCI ] f 3602 % 1155 59 76s (SGEINH) 1.092.0d (Xm)5 H : 2 - 3 1 (m
IH ; 2. 72 (ti, 2-z-, J =7-5) ; 3. 52 (m 2H)

The requisite 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 aluminﬁm hydri@g, or sequentially by
reduction of the double bond g? catalytic hydrogenation
and reduction of the saturated ester by appropriate
reducing agents. Alternatively, the trans-cinnamates

may be reduced to (E)-allylic alecohols by the use of

20  diiscbutylaluminum hydride.

Lithium aluminum

Ph.,P « CHCOOCH
3 3 hydride i
R-CHO > i /\/COOCHJ [ — a /\/\GH
THF
HE Lo &
DOusobutylaiurninum Pa/C Lichium alyminurn
hydride _ hydride or
Qisabutylaluminum
\ hydride
>
A /\/\GH BN CoacH,

Scheme 17T



7 MAY ThJ4 50 4.18 (m 2H); 4.52 (m 7.19-7.25 (m IH; 7.53 (m |H) ;
8.46 (m 2F.). Exanple 25: 3, 3-diphenyl-1-propyl (2S) -1- (3, 3-dines .yl-

1, 2-di oxopentyl) -2-pyrrolidinecarboxvlate, 99s, 1F? NMR 5 (CDC13, 300
rz) : d 0.85 (t, 3H) ; 1.21, 1.26 (s, 3F: each); 1.68-2.04 (m 3%\'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), Exanple 26: 3-(3-pvridyl)-1-propyl (2S)-1-(2-cyclo 10

hexyl - 1, 2- di axoet hyl ) - 2- pyrrol i di necar boxyl ate, 8811, 'H NWR (CDC13, 300
Miz) : d 1.24-1.28 (m 5H) ; 1.88-2.35 %1 11H) ; 2.72 (t, 2H, J = 7-5);
3.00-3.33 (dm 1H) .6 4.19 n1 2H); 4.55 (m 1H); 7.20-7.24
(m 1H : 7.53 (mL“l g‘" 239 5;’]%5%5 T8y PeamyepazE by

3-(3- dyl 2S E2-t hi I I l'id boxyl at

29's, 11 R PERRTERS 46 ?aﬂz“‘?g FANS I g Sy ol g necarboxyl ate.
2 .2 , 19 2 7.61 1 7.80 (d,

(1|rp|) |;)04 (d %E&Lﬂ%t&ge? gfngezglﬁﬁéﬁﬁﬁé( E‘]SV Q%PDepb.e(a;}I bi;—H)propyI (

(29)-1-(3, 3-d yl: 1 d xohbut yrrolldlnecarboxylate 9911, 1H
NVR ( CDCL3, éggEE/H? on’ Lg ¥§%§> ningepRAny2Rerin. 44d( bickdd. ) ;

3. 49 4.53. (dd, 1F.): 7.24 | OH) .
25 Exg?m gH)zgacgdgzD%‘%heﬁjé%nﬁ%}{gpéi’d(Es;iﬂircyér:(gheim ) (m 10

| | - 2- i dj vl at NVR (CDC13, 3~0 MHz) : d 1.32
(m ok, 71 sa 2. GEoehe e Fy B ur ot ke Synrnessscet ampvay | 4. 12

(r.., 4H | 492:L¢, ékgmpll__ed for methyl

trans-cinnamate;

(3,3,5-trimethoxy)—

A solution of 3,4,5~trimethoxybenzaldehyde (5.0 g;
10 25.48 mmol) and methyl (criphenyl-
phosphoranylidene)acetate (10.0 S; 29.91 mmol) in
tetrahydrofuran (250 mlL) was refluxed overnight. After
cooling, the reaction mixture was diluted with 200 mL
. 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, Eg 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 = 18); 6.72 (s, 2H}; 7.5% (d, 1H, J = 186).
General procedure for the synthesis of saturated
alcohols from acrylic esters. Exemplified for (3,4,5-
trimethoxy) phenylpropanol.
A solution of methyl (3,3,5-trimethoxy)-trans-
25  cinnamate (1.81 g; 7.17 mmol) in tetrahydrofurar (30
mL} was added in a dropwise manner to a solution of
lithium aluminum hydride (14 mmol) in TET (35 mL), with

Stirring and under an argon atmgcsphere. After the



7 MAY 2004 51 5 7.28 (m 10E?) . Exanple 30: 3, 3-Di phenyl-?-p, opyl (2S)
(2-thienyl) glyoxyl-2-pyrrolidinecarboxylate, 750, zH NVH (CDC, 3, 300
MHz) : d 2.04 (m 3E) ; 2.266 (m 2H) ; 2.48 (m IH 3.70 (m 2H)
3.82-4.18 (m 3Htotal); 4.64 (m 1H ; 7.25 (m 11R); 7.76 (dd, IFMAY 200
8.03 (m 1H). The requisite substituted al cohols nmay be prepared by a
nunmber of nmethods known to those skilled in the art of organic synthesis..
As described in schenme I, 10 al kyl or-aryl al dehydes nay be honol ogated to
phenyl propanols by reaction wth nethyky

(triphenyl phosphoranyl i dene)acetate to provide a variety of

trans-ci nnanaeddittbaseakatbmplery ,be e aduced.t the saturat ed al cohol s by
reaction with 15 excess Iithiun1a|uninun1hydride,abrqg%gﬁ%%t‘%I5§be

reduction of fhe doubLeshompdrby eabaliw ]CiQYQEQQ%%@HéE%d d reduction of
the saturated ester by appropriate reducing agents. er aﬁ?V%ly, t he

I e At 0g 68 o8 b \po¥ Y g o 2

QI water. The resulting mixturs was filtered through

.3 Celite to remove solids, and the filter cake was washed
with ethyl acetate. The combined 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, M NMR (300 Mhz; CDCl,): d 1.23 (br, 1H) ;
1.87 (m, 2H); 2.61 (t, 2H, J = 7.1); 3.66 (€, 2H); 3.80
{s, 3H}; 3.83 (s, 6H); 6.40 (s, 2H).

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

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

A solution of methyl (B,Q,S-trimethoxy)-:rans-
¢innamate (1.35 g; 5.35 mmolfhin toluene (25 mL) was
cooled to -10°C and treated with a solution of
diisobutylaluminum 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 mi of
methanol followed by 1 N HCLl until the pH was 1. The
reaction mixture was extracted into ethyl acetate and
the corganic phase was washed with water, dried and

25 concen:rated. Purification on a silica gel column
eluting with 25% ethyl acetate in hexane furnished 0.96
S (80%) of a thick oil, M NMR (360 Mhz; CDCl,}: &

3.83 (s, 3H); 3.87 (s, 6H); 4.32 (d, 2¥, J = 5.6); 6.29



H2. Pd/C Lithiumalum num hydride R CH Lithium alum num hydride or
Dii sobutyl al um num hydride R|l~~ CCOCHa 1 Schene Ir 7 MAY 7004 52 Lcnger
chai n al cohol s may be prepared by honol ogati on of benzylic and hi gher
al dehydes. Alternatively, these al dehydes may be prepared by conVeMAYiZin
of the correspondi ng phenyl acetic and higher 5 acids, and phenethyl and
hi gher al cohols. General procedure for the synthesis of acrylic esters,
exenplified for nmethyl (3,3,5-trimethoxy)- trans-cinnamate: A solution of
3,4,5-trimet hoxybenzal dehyde (5.0 g; 16425.48 mol) and nethyl (triphenyl -
phosphor anyl i dene) acetate (10.0 g; 29.91 mml) in tetrahydrofuran (250 i)
was refl uxed (@rer difghts. Aflt%erg, codling . Ihe(deartj on o xi yyz,wgs diluted
with 200 nL of ethyl acetate and washed with 2 x 200 niL of Wwa é?? 15
dried, and cdcertfated in vacuo. The crude residue was chromatographed on
a silica gel colum, eluting with

The invention being thus described, it will be

cbvious that the same may be varied in many ways. Such
5 variations are not to be regarded as a departure from

the spirit and scope of the invention and all such

modification are intended to be includea within the

scope of the following claims.



25% et hyl acetate in hexane, o obtain 5.63 g (88% of the cinnamate as a
white crystalline solid, ITHNW (300 Mz; 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 al cohols fron1acry iMAY 2004
esters. Exenplified for (3,4,5- trimethoxy) phenyl propanol. A solution of
nmet hyl (3,3,5-trinethoxy)-trans- 25 cinnapate (1.81 g; 7.17 mol) in
tetrahydrofuran (30 nlL) was added in a d?%pmﬁse manner to a sol ution of
Iithiun1a|uninun1hydride (14 mmol) in THE (35 nL), with stirring and under
an argon atnosphere. ggé;&ge 7 MAY 2004 53 addition was conplete, the
m xture was heated to 7 or 4 hours. After cooling, it was quenched by
the careful addition of 15 nL of 2N NaOH foll owed by 50 ni, of water. The
resulting mxture was filtered through 5 Celite to renove solids, and the
filter cake was washed w th ethyl acetate. The conbi ned organic fractions
were washed with waterl-dri&dponohsentestepr¢nsiae uogmnpoand pof | fhed on a
silica gel colum, eluting with ethyl acetate to obtain 0.86 g (531) of
the al cohol agosmiDacl ear oil, iTHNW (300 Miz; CDCL,) d 1.23 (br, 1H)
1.87 (m'2H); 2.61 (t, 2H, J = 7.1); 3.66 (t, 2H); 3.80 (s, 3H ; 3.83 (s,
6H) ; 6.40 (s, 2H) . General procedu r the synthesis of trans- allylic
al cohols fromacrylic esters. Exenplfifie

tiQn of met hyl

Z

(3,4,5-trinmethoxy)phenyl prop-2-(E)-
(3,3,5-trinethoxy)-trans

where

R; represents

- a Cs—Cg straight or branched chain alkyl or
alkenyl group opticnally substituted with C3-Cg
cycloalkyl,

- C3 or Cs cycloalkyl,

- Cs5-Cy cycloalkenyl,

where said alkyl, alkenyl, cycloalkyl, or
cycloalkenyl groups may be optionally substituted with C;-
C4 alkyl, C1-Cs4 alkenyl, or hydroxy,

- or Ar,, where Ar, 1s selected from the group
consisting of l-napthyl, Z2-napthyl, 2-indolyl, 3-indolyl,
2-furyl, 3-furyl, 2-thiazolyl, 2-thienyl, 3-thienyl, and
2-pyridyl, 3-pyridyl, or 4-pyridyl, having one to three

substituents which are independently selected from the



cinnamate (1.35 g; 5.35 mmol) in toluene (25 nL) was cooled to -10C and
treated with a solution of diisobutylalumnumhydride in toluene (11.25 nL
of a 20 1.0 Msolution; 11.25 mml). The reaction mxture was stirr gﬁi?d
3 hrs at 0C and then quenched with 3 nL of nethanol followed by 1 04
until the pHwas 1. The reaction mxture was extracted into ethyl acetate
and the organic phase was washed with water, dried and 25 concentrated_
Purification on a silica gel columm eIut?%g with 251 ethyl acetate in
hexane furnished 0.96 g (8014) of a thick oil, iH NNR (360 Mhz; CDA3) : d

. d _ dt,
> (s, 9okl oo tligk 8 Wachled bl ol 0TS

bei ng t hus descrlged it will be obvious that the sane may be varied in
many ways. SubR*f UVEPWSFP&HS QGrénstradIbé peghrasghad éléyéaprure from
the spirit and scope of the invention and all such nodification are

i ntended to balkasvlded:vi¢ hilkorlye ors Cop@: afl kemy foolyl ,ovilrgicodyai M. 7 MAY
2094 55 CLAIMS 1. A non-i mmunosuppressive conpound of the forrmula: 0--~ Y\
N z benzyloxy, and amino;

X is oxygen or sulfur;
Y is oxygen or NR;, where R; is hydrogen or C;-Cg
alkyl; and

Z represents hydrogen (H).

2. The compound of claim 1 having the

formula:

wherein Z is hydrogen.

3. The compound of claim 2, wherein R; is
selected from the group consisting of Cs-Cy straight or
branched chain alkyl, 2-furanyl, 2-thienyl, and 2-

thiazoyl.



0 R1L where Rl represents - a C5-C9 straight or branched chain al kyl or

al kenyl group optionally substituted with C3-Cs cycloal kyl, C3 or C5

cycl oal kyl, C5-C7 cycl oal kenyl, where said al kyl, al kenyl, cycl oalkmhy 2{]@1{
cycl oal kenyl groups may be optlonally substituted with Cl1- C4 alkyl, Cl1-C4
al kenyl, or hydroxy, - or Arl, where Art is selected fromthe group
consisting of 1-napthyl, 2- napthyl 2- |ndonI 3-indolyl, 2-furyl,
3-furyl, 2-thiazolyl, 2-thienyl, 3- thlenyﬁ, and 2-pyridyl, 3-pyridyl, or
4-pyridyl, having one to three substituents which are i ndependent |y

sel ected fromthe 7 VAY 2004, nsi_st o] drogen, hal ogen
hydroxyl, nitro, trlfluoronE?% % %gﬁp gFrgﬁaﬂ? %rE%Véﬂ hEdeal kyl or

al kenyl, Cl1- al koxy or Cl-C4 alkenyloxy, phenoxy, benzyl oxy, and am no;
X i's oxygen o °§GP23E alkyl; and forrmula: Y is oxygen or NR2, where R2 is
hydrogen or Cl-C6 Z represents hydrogen (H). 2. The conpound of claiml

havi ng the 0 Z:Tjj&\\wr/

wherein Z is hydrogen.

5. A non-immunosuppressive compound of the

P
e
X

formula:

where

Ry is a Cs5 straight or branched chain alkyl or
alkenyl group optionally substituted with C3; to Cg
cycloalkyl, or a group selected from the set consisting

of Z-furyl and 2-thienyl;




Rl wherein Z is hydrogen. 3. The conpound of claim2, wherein Rl is

sel ected fromthe group consisting of C5-C9 straight or branched chain

al kyl, 2-furanyl, 2-thienyl, and 2- thiazoyl. 7 MAY 2004 57 4. The ??ﬂﬁ%ﬁpd
of claim1 having the fornula: wherein Z is hydrogen. 5. A A

non-i nmunosuppr essi ve conpound of the fornula: YY Z NORL where RlLis a

C5 straight or branched chain al kyl or ggnyl group optionally substituted
with C3 to C6 cycloalkyl, or a group selétted fromthe set consisting of

2-furyl and 2-thienyl; 7 MAY 1004 58 X is selected fromthe group

consi sting of oxygen agd.sul i Xy and Z is.h drogen .. The
compound of any of C|aI%B %- e%mﬁtgd 2 3% ORE: group con518¥1ng
oxygen and sulfur;

Y is oxygen; and

Z is hydrogen.

6.. The compound of any of claims 1-5, wherein

R; is a lipephilic group.

7. The compound of claim 1 that is selected
from the group consisting of:

(25)-1-(3, 3-dimethyl-1,2-dioxcpentyl)-2-
pyrrolidine carboxylic acid,

(25)-1-(1,2-dioxo-2-[2-furanyl])ethyl-2-
pyrrolidine carboxylic acid,

(28)-1-(1,2-dioxo-2-[2-thienyl]}ethyl-2-
pyrrolidine carboxylic acid,

(28)-1-(1,2-dioxo-2-[2~-thiazolyl])ethyl-2-
pyrrolidine carboxylic acid,

(28)-1-(3,3-dimethyl-1,2-dioxopentyl}-2-
pyrrolidine carboxamide,

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

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

IL-leucine,



RL is a lipophilic group. 7. The conpound of claim1l that is selected from
the group consisting of: (2S) -1- (3, 3-dinethyl-1, 2--dioxopentyl) -2-
pyrrolidine carboxylic acid, (2S) -1-- (I, 2-dioxo-2- [2-furanyl ])g%ﬂwhmﬁ-
pyrrolidine carboxylic acid, (2S)-1-(1,2-dioxo-2-[2-thienyl])ethyl-2-
pyrrolidine carboxylic acid, (2S)-1-(1,2-dioxo-2-[2-thiazolyl])ethyl-2-
pyrrolidine carboxylic acid, (2S5 -1- (3, ﬁédinethyl--l, 2- di oxopentyl)

--2- pyrrolidine carboxam de, 1-[1-(3,3-d5 thyl -1, 2-dioxopentyl)-L-
proline]-L-phenyl al ani ne, 1-[1-(3,3-dinethyl-1,2-di oxopentyl)-L-proline]-

L-1 eucine, 7 MAY 2004 59_1-[1-(3, 3--di hyl ;1 , 2-di oxopentyl)-L-proline]-

L- phenyl gl yci ne, 1-[1-(3,i}d%%éﬁhéﬁmf%g§éf%k%b@h?§?$gfgb}bTPﬁ%fQPlne]“

L- phenyl al ani ne, . and. 1- 1163,3-dinethyl-1,2--dioxopentyl)-L-proIine]-

L-i sol euci ne. gPh?Hglgékﬁb Rd of claim5 selected fromthe group

consisting of: (2S)-1-(3, 3-dinethyl-I,2-di oxopentyl)--2- pyrrolidine

carboxylic acid, and (28y[1x{3¢B2dingéthyltl, 2-dioxopentyl)-L-proline]-
L-phenylalanine, and

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

L-isoleucine.

8. The compound of claim 5 selected from the
group consisting of:

{25)-1-(3,3-dimethyl-1, 2~-dioxopentyl)-2-
pyrrolidine carboxylic acid, and

{2S)-N-([2-thienyl]

glyoxyl)pyrrolidinecarboxylic acid.

9. A chemical compound comprising (2S)-1-
(1,2-dioxo-3, 3—-dimethylpentyl)-2-pyrrolidinecarboxylic

acid.

10. A method of preparing the compound of any
of claims 1-9, comprising reacting the corresponding L-
proline methyl ester with the corresponding methyl oxalyl

chloride.



gl yoxyl ) pyrrolidinecarboxylic acid. 9. A chem cal conpound conpri sing
(2S)-1- (1, 2-dioxo-3, 3-dinethyl pentyl)-2-pyrrolidinecarboxylic acid. 10. A
nmet hod of preparing the conpound of any of clains 1-9, conprising reacting
the corresponding L- proline nmethyl ester with the correspondi ng nel MY 2004
oxalyl chloride. 7 MAY 2004 60 11. The nethod of claim 10, wherein the
conpound is an N-glyoxyl proline derivatigﬁ as defined in claimb5. 12. The
met hod of claim 10 or claim 11, further nprising reacting the product of
claim10 or claim1l1l with a carbon nucl eophile. 13. The nethod of claim 10

or claim1l, further c rising i .product. of clajm 10 or claim
11 with Iithiun1hydroxiggP 1ithp%g$ﬁ%d8gf&ggéﬁagﬁhgw?%ﬁe%%n%g%nd of any
of clainms 1-9 e coLiespondin oxyl  prolyl

conpri,si.ng_regcting t N gly ,
Tet byl oot er GPPRORPENEASE Ry Ar BV Y P ERbL 5T UBHER bYe ot raRGHHEd5in The
met hod of any of clains 10-14, wherein the conmpound is as defined in claim
9. 16. A met hBd3&M Synt hesizing a chenical conpound according to claim9,
conprising mxing nmethyl (2S) -1- (1, 2-dioxo--3, 3--dinethylpentyl)
-2-pyrrolidine carboxylate, lithium hydroxide and nethanol .

12. The method of claim 10 or claim 11,
further comprising reacting the product of claim 10 or

claim 11 with a carbon nucleophile.

13. The method of claim 10 or claim 11,
further comprising reacting the product of claim 10 or

claim 11 with lithium hydroxide.

14, A method of preparing the compound of any
of claims 1-9, comprising reacting the corresponding N-
glyoxyl prolyl methyl ester with lithium hydroxide in the

presence of methanol.

15. The method of any of claims 10-14, wherein

the compound is as defined in claim 9.

16. A method of synthesizing a chemical
compound according to claim 9, comprising mixing methyl
(25)-1-(1,2-dioxo-3, 3-dimethylpentyl}-2-pyrrolidine-

carboxylate, lithium hydroxide and methanol.



