7 MAY 2004 1 SMALL MOLECULE | NHI BI TORS MA A ENZYME VI 5 BACKGROUND OF TEE
| NVENTION 1. Field of the Invention This invention relates to neurotrophic
conpounds having an.affinity for FKBP--type imunophilins, thei? }ap
preparation and use as inhibitors of the enzyne activity associa«Mﬁ %h

i mmunophilin proteins, and particularly inhibitors of peptidyl-prolyl

i sonmerase or rotamase enzyne activity. 2. Description of the Prior Art 15
The term inmmunophilin refers to a nunber of proteins that serve as
receptors for the principal inmmunosuppregssant drugs, cyclosporin A (CsA),
FK506, and rapanycin. Known cl asses of imunophilins are cyclophilins,
and FK506 binding proteins, such as FKEP. 20 Cyclosporin L. binds to

cycl ophilin while FK506 and rapanycin bind to FKBP. These -

i mmunophi |i n_-drug co -Iexes |ntertace_mnth a.ya acel | ul ar

si gnal transdugliblen tSpses Spsicioam. ettt and the
nervous system 25 Innunophlllns are knomn to have pectidyl-prolyl 7 NAY
2004 2 isonerase (PPlase) or rotamase enzyne activity. It has
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BACKGROUND OF TEZ INVENTION
1. Field of the Inventicn
This invention relates to neurotrophic compounds
having an.affinity for FKBP-type immunophilins, their
10 preparation and use as inhibitors of the enzyme
zctivity associated with immunophilin proteins, and
particularly inhibitors of peptidyl-prolyl isomerase or
rotamase enzyme activity.
2. Description of the Prigr Art
15 The term immunophilin refers to a number of

proteins that serve as receptors for the principal
immunosuppressant drugs, <¢yclosporin A {CshA}, FK506,
and rapamycin. Known classes of immuncphilins are
cvclophilins, and FKS06 binding proteins, such as FKSP.
20 Cyclosporin A binds to cyclophilin while FK506 and
rapamvcin bind to FK8P. Thess immunophilin-drug
complex=s interface with a variety of intracellular
signal transduction systems, especially in the immuns

svstem and the nervous system.
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Immunoohilins are known to have peptidyl-prolyl



been determ ned that rotamase activity has a role in the catal yzation of
the interconversion of the cis and trans isonmer of inmunophilin proteins.
5 I nmunophilins were originally discovered and studied in inmune &Pﬁﬁ@ﬁ.

It was initially postulated by those skilled in the art that inh? i of
the i nmmunophilins rotamase activity leads to the inhibition of T-cel
proliferation, thereby causing the 10 i munosuppressi ve action exhibited by
i mrunosuppressi ve drugs such as cyclosp&rin A, FK506, and rapamycin.
Further study has_ shown that e inhibition of rotamase activity, in and
of itself, is* ﬁ@?esﬁﬁ?lé?gﬁ Oriﬁﬁﬁﬁ@§ﬁpp?§3¥@ﬁtaée?Wvay Schreisber et

al ., Science, 15 1990 vol . 50 . _556-559. It has been shown that the
i munophi | i n-2#F gt ToRhieRe FHFErEEtaWFFﬁ EEFAYAYY PR6t & wollar dets as
t heir node of action.. Schreiber et Cell, 1991, vol. 66, pp. 807-815.

In the case ofn“F%i#ﬁFﬁgﬁ%l%ﬂdoFKEbecéﬁteFﬁ@“d?HﬁlPﬁnﬂﬁoﬁhﬁltﬂczenconplexes
bind to the enzyne cal ci neurin, inhi ﬁor T- cell receptor signalling

|l eading to T-TethS kﬁ?ﬁ??e?ﬁt?%ﬂung? aPI?roFﬁénéonplex of rapamycin and
FKBP i ntegacts wt %gﬁiTllFRAP roLeln_aﬂg ahlblts signalling from
the I1L-2 Peceptor. bphF | VREShaveIheenlY odhdcPsebedprasent at  hi gh
concentratioqgt&éhgge central neryvous system | nmunop EI|InS are enriched
10-50 times more 11 tHe T WERYT al *ReFVous sy €t Bt FhAhEE hYt RESFhaRECsyst em

7 MAY 2004 by those skilled ir the art that inhibition of the
immunophilins rotamase activity leads to the inhibition
of T-cell proliferation, thereby causing the

10 immunosuppressive action exhibited by immuncsuppressive
drugs such as cyclosporin A, FK506, and rapamycin.
Further study has shown that the inhibition of rotramase
activity, in and of itself, is not sufficient for
immunosuppressant activity.-Schreiber et al., Science,

1s 1990 wveol. 250 pp. S556-559. It has been shown that the
immunophilin-drug complexes interact with ternary
protein targets as their mode of action. Schreiber et
al., Cell, 19%1, vol. 66, pp. 807-815. In the case of
FKBP-FK506 and FKBP-CsAZ, the drug-immunophilin

20 complexes bind to the enzyme calcineurin, inhibitory T-
cell receptor signalling leading to T-cell
proliferation. Similarly, the complex of rapamycin 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 centrazl nervous system.
Immuncphilins are enriched 10-50 times more in the

central nervous system than in the immune system.



3 Wthin neural tissues, inmunophilins appear to influence neuronal
process extension, nitric oxide synthesis, and neurotransmtter rel ease.
It has been found that piconolar concentrations of 5 an innunong@@q ant
such as FK506 and rapamycin stinulate neurite out growth in PCl I and
sensory nervous, nanely dorsal root ganglion cells (DRGs). Lyons et al.,
Proc. of Natl. Acad. Sci., 1994 vol. 91, . pp. 3191-3195. In whol e ani nal
experinments, FK506 has 10 been shown to é%inulate nerve regeneration

follow ng fagial.nerve inpjury resul ts in.functional recovery in
ani mal s witha‘g%:?ié%flcnﬁ%rf\% :‘%elsﬁsg%% sﬁ‘}%&ﬁoﬁhﬁ&ms iTEH2T be®n found t hat

orugs wih o BeglRLl! DL Lo HORAe pghl folamee InLbLLOTS 15

causi ng a neurofrophrc effeéect. ons et a

of i mmunosupp s.in_treatin rious peripheral neuropathies and
enhanci ng neuérgﬁgﬁgééafoﬁ}lﬁ] i%r(\a ‘%et\%gr??n;iﬁt%ﬁerved'uesaSs%/'st em (CNS) Studies

have denonstrated tha eurade raat i\ i sarders_such as Al zheinmer's
di sease, Parkinson&§ hﬁ?sgggg;%gﬁgdakﬁéﬁrggﬁgg‘qaléﬁﬂnﬁﬁﬁ%ﬁ%g%gn%Aeé) may

occur duecto e r.ease ai_l.abild.t.y, a _neurotrophic
substancesspé%?f%%ﬂﬁg?sabggggfgd?a%p%% 85p§%§%3m$é§ el ons At fected in

t he diSprdeﬁsé%w§f¥€éaheP§HE%tBﬂEhb%oR%%tg%S#@q?ﬂgéfl specific neuronal
popul ations in The central nervous System have ~been identitied. " Fof
exanple, it has-bgen, hyRRERGSKEeEal root ganglion cells (DRGs) .
Lycns et al., Proc. of Natl. Acad. Sci., 1992 vol. 91,
pp. 31%1-3185. In whole animal experiments, FKS06 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 FXKBP 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 enhancihg
neuronal regrowth in the central nervous system (CNS).
Studies have demonstrated that neurcdegenerative
20 disorders such as Alzheimer’s disease, Parkinson’'s
disease, and amyotrophic lateral sclerosis (ALS) may
occur due to the loss, or decreased availability, of a
neurotrophic substance specific for a particular .
population of neurons affected in the disorder.
25 Several neurotrophic factors effecting specific
neuronal populations in the central nervous system have
been identified. Fer exémple, it has been hypothesized

that Alzheimer’'s disease results from a decrease or



that Al zheimer's disease results froma decrease or 7 MAY 2004 a | oss of
nerve grow h factor (NGF). It has thus been proposed to treat Al zheiner's
patients wth exogenous nerve growth factor or other neurotrophig vyl ns
such as brain derived nerve factor (BDNF), glial derived 5 nerve factor,
ciliary neurotrophic factor, and neurotropin-3 to increase the survival of
degenerating neuronal populations. Cinical application of these proteins
in various neurological disease states ks hanpered by difficulties 10 in
the delivery and bioavailability of large proteins to nervous system
targets. By Gerty ast nerverunoswppr£ssaot dNGEs.wi Lh hesr ehuephieernacti vity
are relatively small and display. excellent bioavailability and
speci ficity. pHosesarc ahenrealm hlsheieer 15 chrbanhcal Wyrhi anvaeswpRr essant s
exhibit a nunber of potentially serious side effects including
nephr ot oxi ci mervauctiras i npatraentr oftgéoneeutatrobhitr arberiard such
irreversible interstitial fibrosis (Kapp et al., 1991, J. Am Soc.
Nephrol . 1:162) bmeeur aleogioad 20rdefigctsy $BONMFAs ghyvalkudeatyetirenors, or
non-specific cerebral angina such as non-localized headaches (De G oen et
al ., 1987 NneEwvyg .faktdved.cBli¥agslycunndroyhscufacthypeandnsi on with
conplications resulting therefrom (Kahan et al., 1989 N Engl. J. Med.
321: 25 1725peuvrotropin-3 to increase the survival of degenerating
neurona} populaticns.
Clinical application of these proteins in various
neurclogical 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 biocavailability
and specificity. However, when administered
15 chronically, ilmmunosuppressants exhibit a number of
potentially serious side effects including
nephrotoxicity, such as impairment of glomerular
filtration and irreversible interstitial fibrosis (Kopp
et al., 1991, J. Am. Soc. Nephrol. 1:162); neurological
20 deficits, such as involuntary tremors, or non-specific
cerebral angina such as non-localized headaches (De
Groen et al., 1987, N. Engl. J. Med. 317:861); and
vascular hypertension with complications resulting
therefrom (Kahan et al., 1989 N. Engl. J. Med. 32i:
25 1725).
In order to prevent the side effects associated

with use of the immunosuppressant compounds, the

present invention provides non-immunosuppressive



In order to prevent the side effects associated wth use of the

i nmunosuppr essant conpounds, the present invention provides

non-i nmunosuppressive 7 MAY ' 1004 5 conpounds contai ni ng snal | gp@&f@be

FKBP rotamase inhibitors for pronoting neuronal growh and regéner'a bon

i n various neuropathol ogi cal situations where neuronal repair can be

facilitated including 5 peripheral nerve damage by physical injury or

di sease state such as di abetes, physical>5danmage to the central nervous

system (spinal cord and brain) brain damage associated with stroke, and

for the treatoenpouofidsneonalaagiical sissior devsegwlat F¥RP t nonemasdegener ati on

10 includi ng Parkinson's di sease, Al zheiner's disease, and anyotrophic

| ateral scl er bsh$bSUMYBRY o@F SHEBRANVENTIEON ftreel (yesentt amdention rel ates

toa novel class of neurotrophic conpounds having an affinity for FKBP-type

15 ' i mmunophi k&gsne@ate obound Viag ichiss Netam at hdleogreca bt s bphaticnapounds

are potent inhibitors of the enzyne activity associated with i nmunophilin

proteins and pherécubarbpaﬂoﬂéWEéé'éﬁﬁyﬁ@zﬁ%qiﬁi®@tQ®ei@©yud$ngnulating

neuronal regeneration and outgrowh. A key 20 feature of the conpounds of

the preseft ingenphenailsnegiva dafageddhdthsdral syl wiygnefi danease

i Munosuppressive activity in addition to their_ neurotrophic activity.
state such as diabetes, physical damage to the central

nervous system {(spinal cord and brain) brain damage

associated with stroke, and for the treatment of

neurological disorders relating to neurodegeneration,
10 including Parkinson's disease, Alzheimer’s disease, and

amyotrophic lateral sclerosis.

SUMMARY OF THE INVENTION

.~ The p:eseﬁ;,inventign_;elates_pé‘a ﬁ§fé}_c1ass of
neurotrophic compounds having an affiﬁiﬁ§ fo£ FKBP-type

15 ‘immunophilins?,.Once_boqﬁd'toithis p£6£éiﬁ“t£e
neurotrophic compoundsma;e:pqteﬁ; inh;bitorgfof the
enzyme activity asséciated with immuﬁgphilié proteins
and particulafly rotamase enzyme activity, thereby
stimulating neurcnal regeneration and.outgréwth. A key

20 feature of the compounds of the present invention is
that they do not exert any significant
immunosuppressive activity in addition to their
neurotrxcphic activity.

A preferred embodiment of this invention is =a

25 neurotrophic compound of the formula:



A preferred enbodi nent of this invention is a 25 neurotrophic conpound of
the formula: 7 MAY 2004 6 Y -z where RL is selected fromthe group

consisting of a C1-C4

straight or branched chain al kyl or al kenyl group 5

optionally substituted with C3-C8 cycloal kyl, C3 or C. cycloal kyl, C5-C7

cycl oal kenyl ,

Arl, where said alkyl, alkenyl, cycloal kyl or cyclJodAR@y!

groups nmay be optionally substituted with CI-C4 al kyl, Cl- C4 al kenyl, or

hydr oxy, where Art

2- napt hyl ,
2-thi enyl,

is selected from 10 the group consisting of 1-napthyl,

2- indolyl, 3-indolyl, 2-furylg 3-furyl, 2-thiazolyl,

3-thienyl, 2-

substituents which are

of hydrogen, hal o, hydroxyl, nitro,

branched al kyl or al kenyl, Cl-C4 alikox

benzyl oxy,

oxygen, sul fur, nethylene (a.-,é ,

and am no x i

consi sting of oxygen or

10

where

,3-, 4-pyridyl, and phenyl, having one to three
i ndependently sel ected fromthe group consisting 15
i fluoronethyl, Cl-C6 straight or

Fg;byCA_a;I;kenyloxy, phenoxy,

group consisting of 7 MAY 204 7
h-2;Jl Y is selected fromthe group
NR2 r i € hydrogen or C, -C6

X

s sel ected

R[

R, is selected from the group consisting of a C,-C,

straight or branched chain alkyl or alkenyl group

optionally substituted with C,-C¢ cycloalkyl, C, or

C; cycloalkyl, C,-C, cycloalkenyl, Ar,, where said

alkyl,

may be

alkenyl, cycloalkyl or cycloalkenyl groups

optionally substituted with C,-C, alkyl, C,-

C, alkenyl, or hydroxy, where Ar, is selected from

the group consisting of l-napthyl, 2-napthyl, 2-

indolyl, 3-indolyl, 2-furyl, 3-furyl, 2-thiazolyl,

2-thienyl, 3-thienyl, 2-,3-, 4-pyridyl, and

phenyl,

having one to three substituents which are

independently selected from the group consisting

I~

of hydrogen, halo, hydroxyl, nitro,

trifluoromethyl, C,-C; straight or branched

alkyl or alkenyl, C,-C, alkoxy or C,-C, alkenyloxy,

phenoxy, benzvloxy, and aminc;

X is selected from the group consisting of



alkyl; and 5 Z is selected fromthe group consisting of C2- C6 straight or

branched chain al kyl or al kenyl, wherein the alkyl

chain is substituted in

one or nore positions with Art as defined above, C3-C8 10 cycl oal kyl,
cycl oal kyl connected by a Cl-C6 straight or unbranched al kyl or ﬁ@fﬁﬂyl

chain, and Ar2 where Are is selected fromthe group

consistiﬁb

2-indolyl, 3-indolyl, 2-furyl, 3- 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

t he group consi sti ng.

of hydrogen, hal o, hydrexygen. nfuiéLzt r MECGIlemet HY:,) Cle€6Est rai ght or
branched al kyl or alkenyl, Cl-C4 al koxy or Cl-C4 al kenyl oxy, 20 phenoxy,
benzyl oxy, and anmi¥io, Z $reychtcoeBeltRE fthagFEALe GO0 IEL X2 RE 7 MAY 2004

8 where R, is selected fromthe group consisting of

strai ght or branched

al kyl C,-CB optional |y oxy®etieut 8. wi ¥Re s -X9 i@y dlwshidgdn ar @ArC,as 5
defi ned above, and unsubstituted Art; X, is O or NR5, where R is selected

fromthe alkyl; and

5 Z is selected from the grocup consisting of C,-

C; straight or branched chain alkyl or

alkenvyl,

wnerein 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 unbranched alkyl or alkenyl chain, and

Ar, where Ar, is selected from the group

consisting of 2-indelyl, 3-indelyl, 2-furyl, 3-

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, 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:




group consi sting of hydrogen, O -C6 straight or branched al kyl and
al kenyl; R is selected fromthe group consisting of 10 phenyl, benzyl,'
C.-Cs straight or branched .alkyl or alkenyl, and Cl1-CS straig tMﬁw%wk
branched al kyl or al kenyl substituted with phenyl; or pharmaceudtically
acceptable salts or hydrates thereof. is Another preferred enbodi nent of
this invention is a neurotrophic conpound of the fornula: 4 Z 7 MAY 2004 9
5 10 15 20 25 where R, is a Cl1-C9 straiglt or branched chain al kyl or
al kenyl group optionally substituted with C -C9 cycloal kyl, C3 or C
cycl oal kyl, C%2&re cycl oal'’kenyl, or Ar,, where said al kyl, alkenyl,
cycl oal kyl or cycl oal kenyl groups may be optionally substituted with C1-C4
al kyl, Cl-C4 al ken¥i, oksShyglesyecafdonhehe gmdun soseliectietdr fgrom the group
consisting of 1-napthyl, 2-napthyl, 2-indolyl, 3-indolyl,

straight cr branched alkyl C,-Cy Optionally

substituted with C,-C, cycloalkyl, or Ar, as

5 defined above, and unsubstituted Ar,;
X, is O or NR;, where R; is selected from the
group consisting of hydrogen, C,-C, straight
or branched alkyl and alkenyl;
R, is selected from the group consisting of
10 phenyl, benzyl, C,-C; straight or branched

-alkyl or alkenyl, and C,-C, straight or

branched alkyl or alkenyl substituted with

phenyl; or pharmaceutically acceptable salts

or hydrates thereof.

15 : Another preferred embodiment of this invention is

a neurotrophic compound of the formula:



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 fromthe group. consisting of hydrogen, halo, hydroxyl, nitro,
trifluoromethyl, Cl-C6 straight or branched al kyl or alkenyl, CiMMZ&]&koxy
or Cl- C4 al kenyl oxy, phenoxy, benzyloxy, and amno; z is a CZ C6 straight
or branched chain alkyl or alkenyl, wher®in the alkyl chain is
substituted in one or nore positions with Ar. as defined above, C3-C5
cycl oal kyl, weypereal kyl connected by a Cl-C6 straight or unbranched al kyl
or al kenyl chain, or Are where Ar2 is selected fromthe group consisting
of 2-indolyl, 3-in8olyl is2&f Giyf, sBFigyt o2-branaketytha2snt hilegyl ,
3-thienyl, 2-, 3-, or 4-pyridyl, or phenyl, having one 7 MAY 2 004 10 to
three SubstituentS whi chraedkiengdpgrdent lopt igylakliedsiboni theedr olph
consi sting of hydrogen, halo, hydroxyl, nitro, trifluoronethyl, C -C6
strai ght or branched 5 &hk§i Q}ﬁlaia&éﬁyll G, o4 Gl Rygyceikgl- CL - a) kenyl oxy,
phenoxy, benzyl oxy, and am no; or pharmaceutically acceptable salts or
hydr at es 5t her eof . cycloalkenyl or Ar,, where said alkyl,
alkenyl, cvcloalkyl 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 1l-napthyl, 2-napthyl, 2-indolyl, 3-indolyl,
2-furyl, 3-furyl, 2-thiazolyl, 2-thienyl,
3-thienyl, 2-,3-, or 4-pyridyl, or phenyl,
having one to three substituents which are
independently selected from the group.
15 consisting of hydrogen, halo, hydroxyl,
nitro, trifluoromethyl, C,-C; straight or
branched alkyl or alkenyl, C,-C, alkoxy or C,-
C, alkenyloxy, phenoxy, benzyloxy, and amino;
z is a C,-C, straight or branched chain alkyl
20 or alkenyl, wherein the alkyl chain is
substituted in one or more positions with Ar,
as defined above, C,-C, cyclealkyl,
cycloalkyl connected by a C,-C; straight.
or unbranched alkyl or alkenyl chain, or Ar,
25 where Ar, is selected from the group
consisting of 2-indolyl, 3-indolyl, 2-furyl,
3-furyl, 2- thiazolyl, 2-thienyl, 3-thienyl,

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



Anot her preferred enbodi nent of the invention is a 20 neurotrophic
conpound having an affinity for FKBP-type immunophilins which inhibit the
rotanmase activity of the i mmunophilin. Another preferred enbodi nent of the
present invention is a nethod for treating a neurological 25 diJsMAidds i n
an animal conprising adm nistering a therapeutically effective anpbunt of a
conpound having an affinity for FKBP-type i nmunophilins which inhibits the
rotamase activity of the inmunophilin. Apgther preferred enbodi nent of the
invention is a 20 nethod of pronoting neuronal regeneration and growh in
mammel s, conprising adntoi sheeengubeta immval (a0 reffective amount of a
neur ot r ophi ¢ conpound having an affinity for FK BltYpeﬁqﬂﬁRﬁﬂﬂﬁ4q#& whi ch
inhibits the rotamase aelevtey okolhenemeuaophi-Lin; Yot anat her preferred
embodi ment of the invention is a method of pfeventing neurodegeneration in

an ani mal conprising adpinbsteri hglto a d@BkgEH AR gl fective anmount of a
04 11 af

neur ot r ophi ¢ conpound havi ng an 7 MAY 20 i'nity for FI 'sP-type
i mmunonhi i ps which i nbrbfisorvetanase GQHQV%EEaQBhEh%Q'E@gﬁgﬂgéi n
5 alkyl or alkenyl, C,-C, alkoxy or C,-C
= 4

alkenyloxy, phenoxy, benzyloxy, andg amino; or
pharmaceutically acceptable salts or hydrates
thereof.
Ancther preferred embodiment of the invention is a
16  neurotrophic compound having an affinity for FKBP-type
immunophilins which inhibit the rotamase activity of
the immuncphilin.
Another preferred embodiment of the present
invention is a method for treating a neurélogical
15 disorder in an animal comprising administering a
therapeutically effectivg amount of a compound having
an affinity for FKBP-type immunophilins which inhibits
the rotamase activity cf the immunophilin.
Another preferred embodiment of the invention is a
20  method of promoting neuronal regeneration and growth in
mammals, comprising administering to a mammal an
effective amount of a neurotrophic compound having an
affinity for FKBP-type immunophilins which inhibits the
rotamase activity of the immunophilin.
25 Yet another preferred embodiment of the invention
1s a method of preventing neurodegeneration in an
animal comprising administering toc an animal an

effective amount of a neurotrophic compound having an



Anot her preferred enbodinent is a neurotrophic N glyoxyl prolyl ester
conpound of the formula: O-Z 5 where RL is a Cl1-C5 straight or branched
chain alkyl or alkenyl group optionally substituted with C, to &may 200
cycl oal kyl, or Ar,, where Arl is 10 selected fromthe group consisting of
2- fury]., 2-thienyl, or phenyl; X is selected fromthe group consisting of
oxygen and sul fur; Y is oxygen; and 15 Z is a straight or branched chain
al kyl or alkenyl, wherein the alkyl chath is substituted in one or nore
positions with Ar, as_defined above, C -C6 cycloalkyl, Ar, where 7 NAY
1004 12 Are 3t SRle¥t BATf FERT T REPEr oGP LEORS dLingg Waficip-iniBibing
4-pyridyl, or_phenyl, having one. to three substituents which are
independently’:o‘s%rf‘%%‘?e@IC‘FF‘dFWH’h@IgFBSplE‘B‘H@P@W—ﬁ(}%f 5 hydrogen and C, -C4
al koxy. Particul ar] referred neurotrophic N-glyoxyl prolyl ester
conpounds accor di n%}{?gh?ﬁep’é%%r?'gr REPRC1ALB s diSeét aF YDA grdup

consisting of:, 3-(2, 5 difethoxyphenyl)-1-gropyl (291 (3, 3-

where
R, is a CQ&; straight or branched chain alkyl
or alkenyl group optionally substituted with
C, te C; cycloalkyl, or Ar,, where Ar, is
10 selected from ghe group consisting of 2-
furyl, 2-thienyl, or phenyl;
X is selected from the group consisting of
oxygen and sulfur;
Y is oxygen; and
1S Z is a straight or branched chain alkyl or
alkenyl, wherein the alkyl chain is
substituted in cone or more positions with Ar,

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



10 di net hyl - 1, 2- di oxopentyl )-2-pyrrolidi necarboxyl at e,

3-(2,.5-di et hoxyphenyl)-1-prop-2-(E)-enyl (25)-1

(3, 3-di net hyl -1, 2-di oxopentyl)-2-pyrrolidine- carboxyl at e, 7 MAY 2004
2-(3,4,5-trimet hoxyphenyl)-1-ethyl (25)-1-(3,3- 15

di met hyl - -1, 2- di oxopentyl)-2-pyrrolidinecarboxyl at e,
3-(3-Pyridyl)-1-propyl (2S5)-1 (3,3-dinmethyl-1,2

di oxopentyl)-2-pyrrolidinecarboxylate, 32(2-Pyridyl)-1-propyl
(2S)-1-(3,3-dinmethyl -1, 2- dioxopentyl)-2-pyrrolidinecarboxylate, 20
3-(4-Pyridyl)-1- propyl %58)%i-? %QgéFQEFHQW-FPQ-Qroup consisting of
dioxopentyl)-2-pyrro|id%nec rboxyl ate, 3-phenyl - 1-propyl -
(2S)-1-(2-tent-butyl - 1, 27di dxeefRy % F2Tgyilol iati mewambox et fag one
3-phenyl --1-propyl (25)_-1-.(2-cyclohexylethyl--1, 2- 25
dioxoethyl)-2-pyrro|idiﬁBcﬁP%@?yFHPéFlgﬂepgspwhigﬂ)arﬂ:ﬂndﬁp@naégglyl-
(2-cycl ohexyl ethyl - 1, 2-di oxoet.hyl)-2-pyrrolidi necarboxyl ate, 3-
(3-pyridyl) -1-propyl (2 e§i?d(§¥9@rF%€uEVPHP,C@nﬁihhin@DQﬁ513

(29 T (3% ai het gl - 1. BYSEPSRS AT 6 A MeT i necar boxyl at .
5 Seot iy P SR B YRS kB D v cvepyin
(23)'N'((2't@ﬁ%m@i eéﬂé@&g&%ﬁgﬁﬁgéigé@g%ggggxgéaggé above formula
are selected from the group consisting of-:
3-(2,5-dimethoxyphenyl) -1-propyl (28)-1-1(3,3-
10 dimethyl—l,2—dioxopentyl)-2—pyrrolidinecarboxylate,
3-{2h5—dimethoxyphenyl)—l—prop~2-(E)—enyl (28)-1-
.(3,3—dimethyl—l,2-dioxopénty1}—2-pyrrolidine—
carboxylate, '
2—(3,4,5-trimethoxyphenyl}—1-ethyl (28)-1-(3,3-
15 dimethy}—l,2-dioxopentyl)—2—pyrrolidinecarboxylate,
3-(3-Pyridyl) -1i-propyl (28)-1-(3,3-dimethyl-1,2-
dioxopentyl)—2—pyrrolidinecarboxylate,
3-{2-Pyridyl) -1-propyl (28)-1-(3,3-dimethyl-1, 2-
dioxopentyl)—2~pyrrolidinecarboxy1ate,
20 3-{4-Pyridyl) -1-propyl (25) -1-(3,3-dimethyi-1,2-
dioxopentyl)—2—pyrrolidinecarboxylate,
3-phenyl-1-propyl (28)-1-(2-tert-butyl-1,2-
dioxoethyl}~2—pyrrolidinecarboxylate,
3-phenyl-1-propyl (25) -1- (2-cyclohexylethyl-1, 2-
25 dioxoethyl)—2-pyrrolidinecarboxylate,
3-(3-pyridyl) -1-propyl (28)-1—(2—cyclohexy1ethyl—
l,2-dioxoethyl)-2-pyrrolidinecarboxylate,

3-{3-pyridyl) -1-propyl (28)-1-(2-texrt-buryl-1,2-



3, 3-Di Dhenyl -i - propyl (2S)-1-(3, 3-di nethyl-j, 2-
di oxobutyl)-2-pyrrolidinecarboxylate, 10 3, 3-D phenyl-i-propyl
(2S)-i-cycl ohexyl gl yoxyl 2-pyrrolidinecarboxylate, and
3, 3-Di phenyl -1 -propyl (2S)-1-(2-thienyl)glycxyl- 2-pyrrolidi necarpmﬁ@ée.
BRI EF DESCRI PTI ON OF = DRAWNGS 15 Figure 1 is a photom crograph o Kk
dorsal root ganglia treated with various3 concentrations of Exanple 17 as
i ndicated. Figure | shows that Exanple 17 of the present invention
potently promiescasuyl) e opygroidbinenaseaggigtaeur onal cul tures. Expl ant
cultures 20 isolated formenbryonic.day 9 - 10 chick dorsal root ganglia
were treated wth varidusheoptentpadpphs (05) -Exdapbecliteasiindi eat ed. .
Forty-eight hours later,, the nunber of neurite with a length greater than
one DRG explaidxowentopbnt 2t atedel Tdenaoabboxellzneyrites 25 expressed in
untreated DRG s was subtracted formthe neurite nunber of Exanple
17-treated sanpl es3t 03 ypetddy Exanpbeofyl dépshdent(2spgecilbhexpeuni be
outgrowth. 7 MAY 2004 14 M crographs of Exanple 17 treated DRG s, as well
as c-uansit atiwvensldse: depepdentl heimetarbakgieneh elicited by Exanple 17
are presented. Figure 2 is a graph showing quantitation of 5 neurite
outgrowt h in chicksd db¥seyriept) gareferylr éabedN-wilBhtaengddy concentrations
of Exanple 17 as indicat ed.

glyoxyl)pyrrolidinecarboxylate,

3,3-Diphenyl-1-propyl (25)-1-(3,3-dimethyl-1,2-
dioxobutyl) -2-pyrrolidinecarboxylate,
10 3,3-Diphenyl-1-propyl (2S)-1-cyclohexylglyoxyl-
2-pyrrolidinecarboxylate, and
3,3-Diphenyl-1-propyl (28)-1-(2-thienyl)glyoxyl-

2-pyrrolidinecarboxylate.

BRIEF DESCRIPTION OF THE DRAWINGS

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

20 isolated form embrvonic.day 9 - 10 chick dorsal root
ganglia were treated with various concentrations of
Example 17 as indicated. . Forty-eight hours latet, the
number of neurite with a length greater than one DRG
explant was quantitated. The number of neurites

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

Example 17-dependent specific neurite outgrowth.



Figure 2 shows that Exanple 17 of the present invention potently pronotes
neurite outgrowmh in sensory neuronal cultures. Explant cultures isol ated
formenbryonic day 10 9 - 10 chick dorsal root ganglia were treated with

vari ous concentrations of Exanple 17 as indicated. Forty-eight qﬁgrﬁ&
| ater, the nunber of neurite with a I|ength greater than one DR& é nt
was quantitated. The nunber of neurites expressed in untreated DRG s was
15 subtracted formthe neurite nunber of 1Exanple 20 Sprague-Daw ey rats
were crushed at the level of the 17-treated sanples to yield Exanple

17- dependent MSpEEFFRBLACBEi EE2AGLEr Wt - re@i®f iQRE ive aslosel ependent
neurite outgrowh elicited by Exanple 17 is presented. Figure 3 is a

phot oni cr ogr &R BEFAE 18| SPFPE -AePRE dagidc trieaitsit sFiqyurer Bvish oyisi ¢ had g Exanpl e
1 of the present_ invention pronotes neuronal regeneration follow ng
sciatic nervelY eS¥oR8Ie StV afFE REFFESTER-150 g nale 25 hips. Exanple 1 (30
ng/ kg s.c.), Inactive (30 ng/kg s.c.) or intralipid vehicle was
adni ni stered once UsFPYe fofSt ReIRek: SLoWayS. SAnTel s ere cfacrifi ced,

sciatic gerves renoved and ngrve 'ge%nents 2 mmdistal to the 7 MAY 1004
15 crush’si t6 et &° sBRtFORBE and StaFfedWsSEn HeOfeganglliaert staiad (t 0

assess axon nuqaﬁrg and Luxol fast _blue ggo assess renyelination). The
mi cr ogr aphs o Aarious concentrations o:r Example 17 as indicated.

Figure 2 shows that Example 17 of the present invention
potently promotes neurite outgrowth in Sensory neuraonal
cultures. Explant cultures isolated form embrycnic day

10 9 - 10 chick dorsal root gangliz were treated with
various concentrations of Example 17 as indicated.

 Forty-eight hours later, the number of neurite with a
length greater than one DRG explant was quantitated.
The number of neurites expressed in untreated DRG’s was

15 subtracted form the neurite number of Example
17-treated samples to yield Example 17-dependent
specific neurite outgrowth. Quantitative
doseFdependent.neurite outgrowth elicited by Example 17
is presented.

20 Figure 3 1s a photomicrograph of rat sciatic nerve
sections. Figure 3 shows that Example 1 of the present
invention promotes neuronal regeneration following
sciatic nerve lesions. Sciatic nerves of 150 g male
Sprague-Dawley rats 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. Animals were sacrificed, sciatic

nerves removed and nerve segments 2 mm distal to the



sciatic nerve sections of shamoperated rats, 5 vehicle-treated | esioned
animal s, Exanple 1 and Inactive treated at 630x magnification, four
animals per group. Figure 4 is a graph of NH -CFT binding per p g of
Striatal Menbrane Protein. Figure 4 shows that 10 neuroi nmunophi kil 0gands
of the present invention pronote recovery of dopam ne neurons f |M%H¢ﬂg
MPTP treatnent of mce. CDL mce (25 g) wer e treated daily wth 30 ny/kg
MPTP (i.p.) for 5 days. The animals were- al so treated daily with

S R R el AR S G 28 0 1
From 5 ani el < BEF QP ORb® Jere BaSt SU KR PPIRESed T oo heied” mamr ane
or ebar at 1 ons oFSal TOUSS B St “RAE  GUARCE AT e TP "er EHAAE AIGUH ne
10°AM,un abe 1St (TR 1 8857 CRL B PRl 8 0P PRORSAELIFCE 25 bi ndi ng. whi ch
vas subtracted(jom the.Lolal 1biadhag Lo nauant Klative specldic [SH -G

bound. Bi ndi ng-was™ nornmali ze protein content o striatal

Br ai n sect i ong Ty om MPTE And drtig  Poarad - reecall T Wikl saoolta
per group.
Figure 4 is a graph of ['H]-CFT binding per pg of

Striatal Membrane Protein. Figure 4 shows that

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

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

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

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

membranes from each experimental group. Coronal and



animals were stained with anti-tyrosine hydroxylase (TH) Ig to quantitate
striatal, nedial forebrain bundle axonal and nigral |evels of TI?, which
is 5 indicative of funccional dopam nergic neurons. Figure 5 is F

graph of [3H -CFT plotted for 200 jig of nmenbrane protein. dng Pshows
that neuroi munophilin |ligands of the present invention pronDte recovery
of dopam ne neurons followi ng MPTP 10 treatnment of mce in accordance with
the procedure described.in Figure 4. Figure 6 is a photom crograph, at

630x nagmf|§§g$99a10£r£9ﬁoggk §§H§SQQQHP?ETQ“§% Q%}I %é%ﬁlgure 6

shows brain secttons from MPTP an tre ani Sined with

antl-tyr03|nejnﬁggggy&€$§uﬁégk%e&gwtQqqu§nt|E?&% i%rl% al Ie els of TH,

which is dicative o i onal dopaminérgfc neuron is a
phot om crogra at 1 50x gpificati an,.;af _gor |taI brain
sections. 20P€Tgur§§7 %h(gﬁl Era?n sectﬁogsifr%%?ﬁ5+ treated

ani mal s St&lEﬂhgﬂébe&ﬁéTtgﬁQShg rdegg;gh £ i ) gg %b ;Quantitate

nigral |evels of chis |cat|ve o unctlon pam nergic

neurons. Fi g%?o@cacsl@epapt%eweﬁamhdoaéméﬁ% e pRgplication, of
coronal and saggital brain sections. Figure 8 ghoms brain ‘sections from

MPTP and drug tresf @ngnggsasbaynggaﬁhtgLathTI@$@$%%§tQ¥grgé¥Iase (TFD
lg to Quantitate nedial forebrain bundle axonal 7
200 pg of membrane protein. Figure 5 shows that
neuroimmunophilin ligands of the present invention
promote recovery oi dopamine neurons following MPTP
10 treatment of mice in accordance with the procedure
described.in Figure 4.
Figure € is 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 quantitate striatal levels of TH, which is
indicative of functional dopaminergic neurons.
Figure 7 is a photomicrograph, at S0x
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 corcnal and saggital brain sections.
Figure 8 shows brain sections from MPTP and drug
treated animals stained with anti-tyrosine hydroxylase

(TH) Ig to guantitate medizl forebrain bundle axcnal



17 levels of TH, which is indicative of functional dopam nergic neurons.
DETAI LED DESCRI PTI ON OF =E | NVENTI ON The novel neurotrophic conpounds of
this invention 5 are relatively snall nolecules in relation to other
known conpounds whi ch bind to FKBP-type i munophilins, such as7?@g cin
FK506, and cycl osporin. The neurotrophic conmpounds of this inven ave
an affinity for the FK506- binding proteiiys such as 10 FKBP-12. \Wen the
neur ot r ophi ¢ conpounds of the invention are bound to the FKBP, they have

been found taqcwRexpest edly Jridibiis thedpeot e PEpELE¥tiehsitrans
i somerase activity, or rotamase activity of the binding protein and

stinul ate neugishendrawdl.c Wildemo! 15 exhibiting an i mmunosuppressant
effect. More particularly, this invention relates to a novel class of
neur ot r ophi ¢ conpounds represented by the fornmula: Z Il R 7 MAY 2004
where 18 i R is a Cl1-C9 straight or branched chain alkyl or alkenyl group
optional Iy substitutedpdddrL®D DESCRIPTION OF THE INVENTION

The novel neurotrophic compounds of this invention
5 are relatively small molecules in relaticn to other
known compounds which bind to FKBP-type immunophilins,
such as rapamycin, FKS506, 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.
More particularly, this invention relates to a
novel class of neurotrophic compounds represented by

the formula:



5 C,-CB cycloal kyl, C3 or C5 cycloal kyl, C5-C7 cycloal kenyl, or Art, where
said al kyl, alkenyl, cycloal kyl or cycloal kenyl groups may be optionally
substituted with C1-C, alkyl, C3.-C4 al kenyl, or hydroxy, and Whgneiio Art
is selected fromthe group consisting of 15 1-napthyl, 2-napthyl,
2-indolyl, 3-indolyl, 2-furyl, 3-furyl, 2- thiazolyl, 2-thienyl, 3-
t hi enyl 2-, 3-, or 4-pyridy|, or phenyl havi ng one to three substituents
whi ch are independently selected from tHe group consisting of hydrogen,
hal o, hydroxyl, nitro, trifluoronethyl, Cl-C6 straight or branched al kyl
or al kenyl, Cl-C4 al koxy or G- C alkenﬁloxy, phenoxy, benzyl oxy, and
am no; 20 X i s oxygen, sulfur, nethylene (CH2), or Hz; 25 Y is oxygen or
NR2, where R is hydrogen or Cl- Cb al kyl; and Z is a C2-C6 straight or
branched chalglalkyl or al kenyl, wherein the alkyl chain is substituted
in one or po itions mnth Art as defined above, C,-Cg cycl oal kyl,
cycl oal kyl connectged by. a C, straight or 7 MNAY 2004
y y p? yls a’ l—C9 sEraggEt Oor branched chain alkyl
or alkenyl group optionally substituted with
5 C;-C, cycloalkyl, C, oxr Cs cycloalkyl, C,-¢C,
cycloalkenyl, or Ar,, where said alkyl,
alkenyl, cycloalkyl or cycloalkenyl groups
may be optionally substituted with c,-C,
alkyl, C,-C, alkenyl, or hydroxy, and where
10 -Ar, is selected from the group consisting of
i-napthyl, 2-napthyl, 2-indolyl, 3-indolyl,
- 2-furyl, 3-fury1, 2- thiazolyl, 2-thienyl, 3-
thienyl, 2-, 3-, or 4-pyridyl, or phenyl,
having one to three substituents which are
15 independently selected from the group
consisting of hydrogen, halo, hydroxyl,
nitro, trifluoromethyl, C,-C, straight or
branched alkyl or alkenyl, C,-C, alkoxy or C,-
C, alkenyloxy, phenoxy, benzyloxy, and amino;

20 X is oxygen, sulfur, methylene (CH,}, or H,;

e

is oxygen or NR,, where R, is hydrogen or C,-
C, alkyl; and
z is a C,-C¢ straight or branched chain alkyl
cr alkenyl, wherein the alkyl chain is
25 substituted in one or more positions with Ar,
as defined above, C,-C, cycloalkyl,

cycloalkyl connected by a C,-C, straight or



5 10 19 wunbranched al kyl or al kenyl chain, or Arz where Ar2 is selected
fromthe g,.oup consisting of 2-indolyl, 3-indolyl, 2- furyl, 3-furyl, 2-
thiazolyl, 2-thienyl, 3- thienyl, 2-, 3-, or 4-pvridvl, or phenyl, having
one to three substituents which are independently selected from#k Ma&Y ggpup
consi sting of hydrogen, halo, hydroxyl, nitro, trifluoronethyl, C-C6
straight or branched al kyl or al kenyl, €3 C4 al koxy or .Cl-C4 al kenyl oxy,
phenoxy, benzyloxy, and amno; 2 may also be the fragnment: CH R3 15 where
0 X2 R4 R3 is selected funtmardwhegt aigyconsy stllgnpl ckitiajgbt ar, branched
al kyl C -C8 optionally substituted with C3-C8 cycl oal kyl, or Ar_ as
defi ned above, and unsubsieiteutted Asx, se2@cXid SremmtNRSroMere R is
selected fromthe 7 MAY 2004 20

consisting of 2-indolyl, 3-indolyl, 2-

furyl, 3-furyl, 2- thiazolyl, 2-thienyl, 3-
5 thienyl, 2-, 3-, or 4-pyridyl, or phenyl,
having cne to three substituents which are
independently selected from the group
consisting of hydrogen, halo, hydroxyl,
nitro, trifluoromethyl, C,-C, straight or
10 branched alkyl or alkenyl, C,-C, alkoxy or

.C1-C4 alkenyloxy, phenoxy, benzyloxy, and

amino;
Z may alsc be the fragment:
Cﬁi XQ R.4
R3
15 where
R, is selected from the group consisting of

straight or branched alkyl C,-C, cptionally
substituted with C,-C, cycloalkyl, or Ar, as
defined above, and unsubstituted Ar,;

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



group consi sting of hydrogen, C -CS straight or branched al kyl and al kenyl
; R4 is selected fromthe group consisting of phenyl, benzyl, Cl1-C5
straight or branched 5 alkyl or al kenyl, and Cl-C5 straight or ?r i@ed
al kyl or al kenyl substituted with phenyl; or pharmaceutically a 3@@ bl e
salts or hydrates thereof. Preferred conpounds have the follow ng formula:
O-Z10 11 where 15 R, is a Cl1-C9 straighig or branched chain al kyl or

al kenyl group optionally substituted with C, -C8 cycloalkyl, C, or C5

cycloal kyl, C5-C7 cycl epldignydon9isAhg dbheredasakdnal kyle. alkanyl.
cycl oal kyl or cycl oal kenyl groups %e opt?ongﬁly substﬁfﬁ?%%ﬁ%%%l1 Cl-c4

7 MAY 1004 21 al kyl, C;zcbﬁﬁﬂ@ﬁgd,axmyhygﬁ@xylk@ﬂglwhere Ax, is selected
fromthe group consisting of 1-napthyl, 2-napthyl,” 2-indolyl, 3--indolyl,

2-furyl, 3-furyl, %, thiiazalellacid iesylchd Srébbefyhsitind- of0f
4-pyridyl, or phenyl, 10
phenyl, 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 following formula:

0O—72Z
D
S N
Rl
0
IT
where
R, is a C,~-C, straight or branched chain alkyl
or alkenyl group optionally substituted with
15 C,-Cy cycloalkyl, C, or C; cycloalkyl, C.-C,

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

may be optionally substituted with C,-C,



15 20 25 having one to three substituents which are independently se
he group consisting of hydrogen, halo, hydroxyl, nitro,

fromt

trifluoronethyl,

or C,

Cl-C6 straight or branched al kyl or al kenyl,

- CA
. C4 al kenyl oxy, phenoxy, benzyloxy, and amno; Zis a CQS%HAEM

or branched chain al kyl
substituted in one or nore positions witF¥rl as defined above, C3-C8
cycl oal kyl, cycl oal kyl
or al kenyl chain, or Areélkiher £:AQR Réksaréct 68 hyemoiye gmalwhezansi sting
ndolyl, 3-indolyl, 2 furyl, 3-furyl, 2- thiazolyl, 2-thienyl, 3
thienyl, 2-, 3-, or 4-pydgb, seleiedifromabaEmau toonhi eeisgbstit uent s
are independently selected fromthe ?roup consi sting of hydro

of 2-i

whi ch
hal o,

hydroxyl, nitro, ¥ M3RtUsflonet t§dotict
Cl-C4 al koxy or C - C4 al kenyl oxy,' phenoxy, benzyl oxy, a

or al kenyl, wherein the alkyl chain is

connected by a Cl-C6 straight or unbranched

Co2sinapgpl , oB - ibdadghed

or pharnmaceuti c@1i Bt cept abterkal s BRiFzalwl 2004tB26nyl, 3-

or al kenyl,
ani no;

5

10

Z

15

20

25

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

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

.C, alkenyloxy, phenoxy, benzyloxy, and amino;

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,
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-

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, haleo, hydroxyl,
nitro, trifluoromethyl, C,-C, straight or
branched alkyl or alkenyl, ¢,-C, alkoxy or C,-
C, alkenyloxy, phenoxy, benzyloxy, and aminc;

or pharmaceutically acceptable salts or

| ect ed
al koxy
Biai ght
al kyl

gen,
al kyl
nd



hydrates thereof. Preferred neurotrophic N-g? yoxvl prolyl ester conpounds
have the fornula: O-Z Rl where 10 R_is a Cl-C5 straight or branched chain
al kyl or al kenyl group optionally substituted with ¢, to C cycloal kyl,
or Ar,, where Arl is selected fromthe group consisting of 2- fymﬁ&,
2-thienyl, or phenyl; X is selected fromthe group consisting of Q@%n
and sulfur; Y is oxygen; and Z is a straight or branched chain al kyl or 15
al kenyl, wherein the alkyl chain is substituted in one or nore positions
with Arl as defined aboyeir&8=66cayekgal kyl, Ar2 where Ar_ is selected
fromthe group consisting of 7 MAY 1004 23 2-, 3-, or 4-pyridyl, or
phenyl, having one pt&rdFree subsbttyents L€ Lo ndent | sel ected
fromthe group consisting of hydrogeﬁ andmgﬁ-gﬁgg?kgi§§9§ ?ﬁ&eéxnpounds of
this inventionc@pSin@ds h&tEr€oe sepemhczforns, either enantioners or

0—12Z
Moo
A\ 0]
Rl
'S  where
R, is a C,-C straight or branched chain alkyl

or alkenyl group optionally substituted with
C, to C; cycloalkyl, or Ar,, where Ar, is
selected from the group consisting of 2-
10 furyl, 2-thienyl, or phenvl;
X is selected from the group consisting of

oxygen and sulfur;

Y is oxygen; and
z is a straight or branched chain alkyl or
15 alkenyl, wherein the alkyl chain is

substituted in one or more positions with Ar,
as defined above, (;-C; cycloalkyl, Ar, where

Ar, is selected from the group consisting of



di astereoi soners. The stereochem stry at position 1 (Forrmula 1) is Ror S,
wth S preferred. Included wthin the scope of the invention are the
enantiomers, 10 the racemic form and diastereoisoneric mxtures.
Enantioners as well as diastereoi soners can be separated by netﬁdﬂHZMMOmn
to those skilled in the art. It is known égat i mmunophi | i ns such as FKBP
preferentially recognize peptide substrat contai ning 15 Xaa-Pro-Yaa

nmoti fs, where Xaa and Yaa ars Ii%%pgilic.anLno qp%ﬂlresgdues.,Schreiber et
al. 1990 J. Org. Chem 55; 4984°%986PYRa R i*sof -afmti e n,"aobeg one

Bi ochem stry, 29, 3813-3816., Thus dif.ied prolyl. .peptidom netic conpounds
bearing |ipophilic 20 suB?tFpﬁéﬁt§g3ﬁd&ﬁ&9ﬁtﬁddkﬁﬁﬂ) Th HI§RREGeRBLY he
hydr ophobi ¢ core of the FKBP act.i ve si&e and inhibit . its rotanase
activity. Preferred conpBBh8§t6f £REMp-&Se AR &R S3HEI%e RL groups
whi ch are not stereochen%callé bUIk%Fﬁ2§ innrelation to the known shape and
size of the hydrophobic BEPECERT: RESFKEF actiN&%ite. Thus, very |arge
and/or highly substituted R groups would bind 7 MAY 2004 24 wth |ess
affinity to the FT2? active site. Preferred conpounds of the invention

i oxoper 312 pyr FBF1 SPRERHPRE Al €% BUREE SEiToR2. () -enyl
(25 -1- (3, 3 difBih¥lseric forms, either enantiomers or

diastereoiscmers. The sfereochemistry at position 1
{Formula 1) is R or S, with S preferred. Included
within the scope of the invention are the enantiocmers,

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. 19%0 J. Org.
Chem. 55, 4984-4986; Harrison and Stein, 1950
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



1, 2-di oxopentyl)-2-pyrrolidinecarboxyl at e,

3-(3,4,5-trinmet hoxyphenyl)-1-propyl (2S)-1-(3,3 dinethyl-1,

2- di oxopentyl)-2-pyrrolidinecarboxylate, 3- (3,4, 5-trinmnet hoxyphe;nmh,)mm
-1-prop-2- (E) -enyl (2S)- 10

1- (3, 3-di net hyl -1, 2-di oxopentyl )-2-pyrrolidine carboxylate, 3- (4,

5- met hyl enedi oxyphenyl ) -1-propyl (2S) -24 (3, 3-

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

3- (4, 5- et hyl gnedi wesrhemd Iril-prop-thd Brehydcdive site.

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

3-cycl ohexyl - | - pr opHe fedDed -dahsbidetdy| £He 2invention include:

di oxopentyl)-2-pyrrolidi.necarboxylate, 3-cyclohexyl-1-prop-2-(E)--enyl
(29)-1-(3,3- 20 di netdndmdl, 2--dimmdentad) - 2- iy r3 ol ink negar bozyl at e,

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

1, 2- di oxopent yli)wx&reyidyal )-4 2H mecar iokir et & bogy ey | - | - pr opy
(2S)-1-(1, 2-di oxo-2-[2 furanyl])ethyl-2-pyrrolidinecarboxylate, 25

3- phenyl - Is propyl (R29rebyll, 2~mhaxo: 2t 2-enyl (25)-1-(3,3-dimethyl-
thienyl])ethyl-2-pyrrolidinecarboxylate, 3-phenyl-I-propyl

(25) - 1- (1, 2- dirgee-Bx@perttiwlzot 3t Ryardyi d nesa¥ep¥dl aleear boxyl ate, 7 MAY
20ffd 25 3-phenyl-I|-propyl (2S)-1-(1, 2-dioxo-2

phenyl ) et hyl - 2- pyr ol i 3dineca Hosgt rerPheny( ) st R FeRhbxyphenyt ¥ 3i 3 propyl
(29)-1-(3.3 dimethyl-1,2-dioxopentyl) -2-pyrrolidinecarboxylate,

3-({3,4,5-trimethoxyphenyl) -1-prop-2-(E)-enyl (25)-
10 1-(3,3-dimethyl-1,2-cdioxopentyl)-2-pyrrolidine
carboxylate,
3-(4,5-methylenedioxyphenyl) ~1-propyl (28)-1-(3,3-
dimethyl—l}2—dioxopéntyl)-2-pyrrolidin?carboxylate,
3-(4,5-methylenedioxyphenyl)} -1-prop-2- (E) -enyl
15 {28)-1-(3,3-dimethyl-1, 2-dioxopentyl) -2~
pyrrolidinecarboxylate,
3-cyclohexyl-1-propyl (28)-1-(3,3-dimethyl-1,2-
dioxopentyl) -2-pyrrolidinecarboxylate,
3-cyclohexyl-1-prop-2-(E)-enyl (28)-1-(3,3-
20 dimethyl-1,2-dioxopentyl)-2-pyrrolidinecarboxylate,
(1R) -1, 3-diphenyl-L1-propyl (2S)-1-(3,3-dimethyl-
1, 2-dioxopentyl) -2-pyrrolidinecarboxylate,
3-phenyl-1-propyl (28)-1-(1,2-dioxo-2-([2-
furanyl] )ethyl-2-pyrrolidinecarboxylate,
25 3-phenyl-1-propyl (28)-1-(1,2-dioxo-2-[2-
thienyl))ethyl-2-pyrrolidinecarboxylate,
3-phenyl-1l-propyl (25)-1-(1,2-dioxo-2-([2-

thiazolyl))ethyl-2-pyrrolidinecarboxylate,



di met hvl -1, 2-di oxopentyl)-2-pyrrolidinecarboxylate, 5

3-(2, 5-di net hoxyphenyl )-1-prop_2-(E)-enyl (2S)-i

(3, 3-di nethyl -1., 2-di oxopentyl)-2-pyrrolid nne- carboxylate, 2- (%"ﬂ
5-trimet hoxyphenyl) -1-ethyl (2S) --1- (3, 3- MAY 2004
di met hyl -1, 2-di oxopentyl )--2-pyrrolidinecarboxylate, 10
3-(3-Pyridyl)-1-propyl (25)-1-(3,3-dinetQé%-1,2

di oxopentyl)-2-pyrrolidinecarboxyl ate, . 2-Pyridyl) -1-propyl (2S) -1-
(3, 3--dinethyl--1,_2-_ di oxopent I%-Z- rrol'idi necarboxyl at e,

3- (4- Pyridyl)-1-pr o%wh?@sf: :P{%P Lai g8t hyr {3, 2-g50x0-2-

di . oxopentyl)-2-pyrrolidinecarboxy|ate, 3-phenyl-I|-propyl
(2S)-1-(2-cycl i §%¥£%36&5E¥%£+ lﬁgﬁﬁFPBFVé?ﬁéearboxylate,

i okost iy ) D ooy 1 B e PR A 31 pRERPYIL. REhyR- (3, 3-
6705 o gty S Vo oty D Pl e tn e o
L2 oxoat hy ) T pld A AeeAbOXN AL Sy LR RYEL ) ) eyl (29)
it oxopentyl ) - BRI R st S e T P oy agh s aepr opyl (29) -1
(2-cyc|ohexyltgrgék?aéggx 2004 26 dioxoethyl)-2-pyrrolidinecarboxyl ate,

2-(3,4,5-trimethoxyphenyl)-1-ethyl (2S)-1-(3,3-
dimethy1~1,2-dioxopentyl}—2-pyrrolidinecarboxylate,
10 3-(3-Pyridyl}-1-propyl (28) -1-(3,3-dimethyl-1,2-
dioxopentyl) -2-pyrrolidinecarboxylate,
3-(2-Pyridyl) -1-propyl (2S)-1-(3,3-dimethyl-1,2-
dioxopentyl)-2-pyrrolidinecarboxylate,
3-(4-Pyridyl)-1-propyl (28)-1-(3,3-dimethyl-1,2-
15 dioxopentyl)-2-pyrrolidinecarboﬁylate,
3-phenyl-1l-propyl (28)-1-(2-cyclohexyl-1,2-
dioxoethyl) -2-pyrrolidinecarboxylate,
3-phenyl-l-propyl (2S}-1-(2-tert-butyl-1,2-
dioxoethyl) -2-pyrrolidinecarboxylate,
20 3-phenyl-1-propyl (28)-1-(2-cyclchexylethyl-1,2-
dioxoethyl) -2-pyrrolidinecarboxylate,
3-(3-pyridyl)-1-propyl (2S)-1-(2-cyclohexylethyl-
1l,2-~dioxocethyl) -2-pyrrolidinecarboxylate,
3-(3-pyridyl) -1-propyl (2S)-1-(2-tert-butyl-1,2-
25 dioxoethyl)-2-pyrrolidinecarboxylate,
3,3-diphenyl-l-propyl (2S)-1-(3,3-dimethyl-1,2-
dioxopentyl) -2-pyrrolidinecarboxylate,

3-(3-pyridyl) -l1-propyl (28)-1-(2-cyciohexyl-1,2-



3- (3-Pyridyl) -1-propyl (2S) -N ([2-thienyl]

gl yoxyl ) pyrrolidi necarboxyl ate, 3, 3-D phenyl-I-propyl
(25)-1-(3,3-dinethyl-1,2 5 di oxobutyl)-2-pyrrolidinecarboxyl ate,

3, 3-Di phenyl - | - propyl (2S)-1-cycl ohexyl gl yoxyl - 2-pyrrolidi necar%g%lz@f e,
3, 3-Di phenyl -1 -propy]. (2S) -1- (2-thienyl)glyoxyl-
2-pyrrolidinecarboxylate. 10 Particularly preferred neurotrophic N glyoxyl
prolyl ester conpounds are sel ected fromathe group consisting of:

3- (2, 5-di net hoxyphenyl ) - 1- propyl (25)-1-(3, 3-

di met hyl - 1, 2- diiezsyrrtyd)) = mwTrQﬂiﬂln@@arb©xylate, 15 3-

(2, 5-di net hoxyphenyl) 1- pr op- 2- - - enyI (25)-1

(3, 3-di et hyl -1, 2- &1ﬁ&nﬁyﬁ5¢3lh-bymr©pyh| h2sS) clir béxythieny2d (3, 4,

5- trln'ethoxyphenyl) --1- eth}y (28 -1- (3, 8-

di net hyl -1, 2- gilaespentsHyrel Jg@/m%ﬁ%ﬁ:mhatb@xyl ate, 20

3-(3- Pyrldyl) 1propy| (28) 1-(3,3-dinethyl-1,2

di oxopentyl ) - 2- pyrro W%XM%E%PYZLS 2L Hr f HyB ydimpEbpyt1, 2-

(2S)-1-(3,3-dineth I- 2- di oxopentyl) - 2- pyrrolldl necar boxyl at e,
3-(4-Pyri iy |)Ofoa?%‘w sk Hzlz%olsl%}rh%@mow bateg
(25 -1 (221 ot - bt 12T S RHGROST A JS8 by Pl 141 FEEar BBy g Uy -
3- phenyl -1 -pr gr%ly O%)l 1neéa2rbC<}/C| ohtexyl ethyl-1, 2 7 MAY 2004
3,3-Diphenyl-i-propyl {28)-1-(2-thienyl)glyoxyl-
2-pyrrcolidinecarboxylate.

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

-(2,5-dimethoxyphenyl}-1-propyl (2S)-1-(3,3-
diméthyl-l,2—diox0pentyl)-2-pyrrolidinecarbo%ylate,

15 3_-(2,5-dimethoxy15heny1>~1—prop-2—ﬁE)—enyl -.izs)- -
(3,3-dimethyl-1,2-dioxopentyl}-2-pyrrolidine-
carboxylate, '

2—(3,4,54trimethoxy§henyl)—1—ethy1 {28)-1-(3,3-
dimethyl-1,2-dioxopentyl) -2-pyrrolidinecarboxylate,

20 3-(3-Pyridyl)-1-propyl (2S8)-1-(3,3-dimethyl-1,2-
dioxopentyl) -2-pyrrolidinecarboxylate,

3-(2-pPyridyl)-1-propyl (2S)-1-(3,3-dimethyl-1,62-
dioxopentyl) -2-pyrreolidinecarboxylate,
3-(4-Pyridyl) -1-propyl (2S)-1-(3,3-dimethyl-1,2-
25 dioxopentyl)-2-pyrrolidinecarboxylate,
3-phenyl-1-propyl (2S)-1-(2-tert-butyl-1,2-
dioxcethyl)-2-pyrrolidinecarboxylate,

3-phenyl-1-propyl (2S)-1-(2-cyclohexylethyl-1,62-



27 di.oxoethyl)-2-pyrrolidinecarboxylate, 3- (3-pyridyl) -1-propyl (2S)
-1- (2-cycl ohexylethyl- 1,2-dioxoethyl)-2-pyrrolidinecarboxylate, 3-
(3-pyridyl) -1--propyl (2S) -1- (2-tert-butyl-1,2 5

di oxoet hyl ) - 2- pyrrol i di necar boxyl ate, 3, 3-di phenyl - 1- propyl 7 MAY 2004
(2S)-1-(3,3-dinethyl -1, 2- dioxopentyl)-2-pyrrolidinecarboxyl ate,
3-(3-pyridyl)-i-propyl (2S)-1-(2-cyclohexyyl -1, 2-

di oxoet hyl ) - 2-pyrrolidi necarboxyl ate, 10 3-(3-Pyridyl)-1-propyl

(2S)-N-([2-thiyenyl L. XWl_ | 41 h ECENF 2t e 3, 3-Di phenyl - | - pr opyl
(28)-1-(3,3-d?ﬁ8¥ﬁ%rgp¥g-bdi xggﬁfyﬁ)-z-pyrro idin%carboxylate,

3, 3- Di phenyl - | - progyl, .(2S).=i Gl | yox) =1 1P2-cyclohexylethyl -
2-pyrro|idinecarbogyﬁ§t§§%§ﬁggé,3- 'phéﬁbl-l-propyl Y = !

(2S)- 1- (2- thi enyl ).glyoxyhs 13- Ny pold i dacas Doxykpt £ze The compounds of the
present inven F%nécgﬁgééhggéd %I the form of sé#?s derived frominorganic

or organic 20 acidg_ng Qﬁ&nyﬂﬂgggygunugnsychzagégtsghtglaneg-the
foll owi ng: acetate, adipdte, “al gi nate, aspartate, benzoate,

benzenesulf on ﬁ%xcgkﬁ 1hate st Bine sd tb@tEl ag@nphor at e,
canphorsuﬁfona €, cyclopentanepropi onate, digluconate, dodecylsulfate, 25

et hanesul f onat e, fgqu@@%héﬂymxmugﬁéﬁymlegs}gdypmrmpﬁmmphhyérlhenissulfate
hept anoat e, hexanoate, hydrochl oride, hydrobrom de, hydroiodide, 2
dioxopentyl)—2—pyrrolidinecarboxylate,
3-{3-pyridyl)-i-propyl (28)-1-(2-cyclohexyl-1,2-
dioxoethﬁl}-2-pyrrolidinecarboxylate,
10 3- (3-Pyridyl)-1-propyl (28} -N-{{2-thienyl]
glyoxyl)pyrrolidinecarboxylate,
3,3-Diphenyl-1-propyl (25)-1-(3,3-dimethyl-1,2-
dioxobutyl) -2-pyrrolidinecarboxylate,
3,3-Diphenyl-1l-propyl (28} -1-cyclohexylglyoxyl-
15 2-pyrrolidinecarboxylate, and
3,3-Diphenyl-1l-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,
cyclopentanepropicnate, digluconate, dodecylsulfate,

25 ethanesulfonate, fumarate, glucoheptanoate,
glycerophosphate, hemissulfate heptanoate, hexancate,

hydrochloride, hydrcbromide, hydroiodide, 2-



7 MAY 1004 28 hydroxyethanesul fonate, |actate, maleate, nethanesulfonate,
2- napht hal ensul fonate, nicotinate, oxalate, panopate, pectinate,

propi onate, succinate, tartrate, thiocyanate, tosylate and undecanoate.
Base 5 salts include ammonium salts, alkali netal salts such az mgh@m and
potassium salts, alkaline earth netal salts such as cal cium an sium
salts, salt with organic bases such as dicycl ohexylam ne salts, N

met hyl - D-gl ucani ne, and salts with amno 4&ids such as arginine, |ysine,
and so forth- Al so, the basic_ _nitrogen-containing groups can be

quart er ni zed WRYBroxyeRhageftsfagarewel 25FRyE  hARILgESE such as net hyl ,
ethyl, propyl, and butyl 'chloride, brom des and" i odides; dialKkyl

sul fates |ike-eweeR§FLIEPRERG) , 21B2BPbORyENEHd ToramnE, Sildoaftiewatd.ong chain
hal i des such-as decyl, | aur\tll , nyristyl and stearyl chlorides, brom des
and i odi des, P%FkFFehaPRrUEE F; KBEHEAZFFCanBTPRERSERP SHCEHEES and
others. Water or oil-solupble or dispersi bie products are thereby obtained.

20 The neur ot r'oPRF E2EBnpbBRASY B2 R sEPAYEAT RoAREaMISE 2GS cAase

adm nistered to atiept _under goin treatne E{ or neur.ol ogi cal disorders
or for othar TeLESMNFAUGRI CRUPPIPE GBLFFabROKR) oFRREat® beurin
regeneration and growth, sych as in _various peri I:rEeraI 25 neuropat hic and
neur ol ogi cal di%0 ‘a‘éjrgmrﬁflgt‘?ﬁ a?glmﬁeﬁﬁggégeﬁékg L8R, Sff&T ds of

this inventicwggfgs such as calcium and magnesium salts, salt with
organic bases such as dicyclohexylamine salts, N-
methyl-D-glucamine, and salts with amino acids such as

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

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

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

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

treatment of various mammalian neurological disorders.



al so be adm nistered to mammal s ot her than humans for treatnment of various
manmmal i an neurol ogi cal disorders. 7 MAY 2004 29 The novel conpounds of the
present invention are potent inhibitors of rotamase activity arjdMpoliess an
excel | ent degree of neurotrophic activity. This activity is useful in the
stinmul ati on of damaged 5 neurons, the pronotion of neuronal regeneration,
the prevention of neurodegeneration, andz2sn the treatnent of several
neur ol ogi cal disorders known to be associated with neuronal degeneration

and peripheral newhapakieas .colimuieis abHotical présentei svéhaiocnmyrbe 10
treated include but are not limted to: trigem nal neuralgia.,

gl ossophar ynggak «peurahdira.rd3el |65 Red Syase nyasiheny aagd apbsseswseat| ar
dystrophy, anyotrophic lateral sclerosis, progressive nuscul ar atrophy,
progressi ve bgkban ienfie del@t st Harrat rophyc adteivyat ethisuptured or
prol apsed invertabrae di sk syndronmes, cervical spondylosis, plexus
di sorders, theragli¢yould efsefast rirctilon syimubaeson pefi gasagedneur opat hic
such as those caused by |ead, dapsone, ticks, prophyria, or Qllain-Barre
syndrone, 20 Akzheinier thedipgeass: i and Pankinsos! srelferesatifor these
purposes the conpounds of the present invention may be adm nistered
oral |y, parenpeesleryichy off nfealmtdegesprayionopindl iy, thectapkrymenasal Iy, -
buccal ly, vaginally or via an inplanted reservoir in
of several neurologiczl disorders known to be
associated with neuronal degeneration and peripheral
neuropathies. The neurological disorders that may be
10 treated include but are not limited to: 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 invertabrae disk
syndromes, cervical spondylosis, plexus disorders,
thoracic outlet destruction syndromes, peripheral
neuropathic such as thosé 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,



25 dosage fornul ati ons contai ni ng conventional non-toxic

phar maceuti cal | y-acceptabl e carriers, adjuvants and vehicles. ¥W$ tﬁrm
parenteral as used herein includes subcutaneous, intravenous, AT L
intramuscular, 7 MAY L J 4 30 intraperitoneally, intrathecally,
intraventricularly, intrasternal and intracranial injection or infusion
techni ques. To be effective therapeuticaklyy-as central nervous 5 system
targets the i mmunophilin-drug conplex should readily penetrate the

bl ood-brain b%”'r%{ m%ne%lfh%ﬁf§LME1m§teﬂ'@é&a@é&?@?ﬂ@@faoiythl S

I nvention whiC nnot penetrate the bl ood-brain barrier can
effectively admi asg_ee[ﬁfglbyan&qﬂ{gg@y&ma CiH Pt D or 1pn§1rj§lon

pharnaceutlcal conp05| lons may:.be in the formof a sterile .injectable
preparation, aple as a sterlle I nj ectabl e agqueous. or oleaglnous
suspensi on. fﬁls suspensi on may :be formul ated according to techniques.

-know_ .in.=the_:arfg Béslggecs@w@bd}eeﬂmﬁmpras 15emetdl NHerREEHL S
.and suspendlng agents The sterile injectable: preparation may-al so bea

sterile i ng ectahlen S&l. d1ON 1Gie SURRENSHIONL i drnprechoxee sRoenger al | y-
accept abl e di | uent or vent, for.,exanple as a solution. in

1, 3-but anedi olye ARG Fgéiea@e@te@tabé ebPEod e ciresomndi sol weets that may be
enpl oyed are water, nger's solution and isotonic sodium chloride
sol uti on. Ineygﬂipﬁﬁrarmﬁwadminismmmb@iIqummpunds cf this invention
which cannot penetrate the blood-brain barrier can bg
effectively administered by an intraventricular route.
10 - . The pharmaceutical compositions may.be in the form
. of a ste#ile,injectable preparation, for examplg_ag a
sterile -injectable aqueous or oleaginous suspension.
..This.'suspension mayﬂbe,formulapednggcgggiyg;pg;
.techniquesxkndw,in;;heiarthpsipg;sg;;§b}e_ﬁiégﬁ;g}ng or
15 wéttingrégents.and suspending agénts¥;LThgmsp§;}}§ 
injecﬁablejpreparation_may;also be .a sterile.injectable
solution .or suspension in a non-toxic parenterally-
acceptable diluentgor solvent, for .example as a ..
solution .in .1,3-butanediol. BAmong the acceptable
20 vehicles .and solvents,thét may be employed are water,
Ringer’s solution and isctonic sodium chloride
solution. In addition, sterile, fixed oils are
conventionally employed as a solvent or suspending
medium. For this purpose any bland fixed oil may be
25 . employed including synthetic mono- or diglycerides.
Fatty acids such as oleic acid and its glyceride
derivatives find use in the preparation of inje;tables,

olive oil .or castor oil, especially in their_



conventionally enpl oyed as a solvent or suspending nedium For this

purpose any bland fixed oil nmay be 25 enpl oyed including synt hetifMHmﬁ- or
di gl ycerides. Fatty acids such as oleic acid and its glyceride !

derivatives find use in the preparation of injectables, olive
oil.or.castor oil, especially in their 7 MAY 2004 31 pol yoxyethyl ated
versions. These oil solutions or suspensions may al so contain a | ong-chain
al cohol diluent or dispersant. The coppounds may be administered orally in
the 5 formof capsules or tablets, for exanple, or as an aqueous

suspensi on 961 98kyLipPLakedt heGaTm Dl el oif afclrglomSegrcarriers
whi ch are commbnly used include |actose and corn starch. Lubricating

agents, SUC_E'u%eng@eH@Shapﬂ shedf e ane Al send ypheah | ¥ eslded. For oral 10
adm nistration in a capsule form useful diluents include |actose and

dried corn gtapgh- w@eaiﬁggggggz_suspensions are required for oral use, the
active ingredient is conbined with enul sifying and suspending agents. If

desired, certainrseeebapioihN ML HO ddmvel stgrandsesl el oni ageagents may
be added. The conpounds of this invention may also be admnistered in the

form of csuppgsiit @kl @2k dL&-alr a6 Stcatéeanple herdayganThese
conpositions can be prepared by mxing the drug with a suitable non 20
irritating exgieph@ntsuahieattich soF i sonit 160M t EiPERAt ta€e of tablets
for cral use, carriers which are commonly used include
lactose and corn starch. Lubricating agents, such as
magnesium stearate, are also typically added. For oral

10 administration in a éapsule form, useful diluents
incliude lactose and dried corn starch. When aqueous
suspensions are required'for oral use, the active
ingredient is combined with emulsifying and suspending
agents. 1If desired, certain sweetening and/or

15 flavoring and/or coloring agents may be added.

The compounds of this invention may also be
administered in the form of sugﬁositories for rectal
administration of the drug. These compositicns can be
prepared by mixing the drug with a suitable non-

20 irritating excipient which is solid at room temperature
but liguid 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 invelve areas ©Ir organs readily
accessible by topical applicatioen, including

neurological disorders of the eye, the skin, oI the



but liquid at rectal tenperature and therefore will nelt in the rectumto
rel ease the drug. Such materials include cocoa butter, beeswax and
pol yet hyl ene gl ycols. The conpounds of this invention may al so be72@

adm ni stered optically, especially when the conditions addressed ‘f AY 2004

treat nent

I nvol ve areas or organs readily accessible by topical

application, including neurological disorders of the eye, the skin,
7 MAY 1004 lower intestinal tract. aresreadily prepared for For ophthal mc

use, fornulated as micronized 5 adjusted sterile saline,
adj usted 32) oWit abke skqpiagale frmul atians,) €achs of 1 hesen

or the

Is isotonic, pH

! . g§§é§on£he .
conppunds can be ~suspensions in isotonic, pH or, preferably, as sol utions
sterile sal hpg, ~ghlzher, ‘ﬂfe%a@ed’“ftdlolgac% REeseryali ye.sUch as

benzyl al koni um chl ori de.

ternatively for the ophthal nic uses the

conpounds may  befopMaatid @k Oi Sl dERbmStcRa8S REL KOl atum 10 For
application topically™to the skin, the conpounds.can be fornmulated in a

sui tabl e o BLERAL ace@NA MinGdde, £OMPoseh suspendsd; obr dhgsol ygd in, for

5

20

15

20

25

adjusted sterile szline, cr, preferably, as solutions
ig isotonic, pH acdjusted sterile saline, either with or
without a preservative such as benzylalkenium chleride.
Alternatively for the ophthalmic uses the compounds may
be formulated in an cintment such as petrolatum.

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 cf the following:

mineral oil, liquid petrolatum, white petrclatum,

propylene glycol, polyoxyethylene polyoxypropylene
compound, emulsifying wax and water. Alternatively,
the compounds can be formulatéa"in a suitable lotion or
cream containing the active compound suspended or
dissolved in, for example, a mixture of one or more of
the following: mineral oil, sorbitan monostearate,
polysorbate 60, cetyl esters wax, cetearyl alcochol, 2-
octyldodecanol, benzyl alcohol and water.

Topical application for the lower intestinal’ tract
an be effected in a rectal suppository formulation (see
above) or in a suitable enemaz formulatiocn.

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

in the treatment of the above conditions, with



exanple, a mxture wwth one or nore of the followng: mneral oil, liquid
petrolatum white petrolatum 15 propyl ene glycol, polyoxyethyl ene

pol yoxypropyl ene conpound, enulsifying wax and water. Alternati VEMAY 2005 he
conmpounds can be fornulated in a suitable lotion or creamcontaining the
active conmpound suspended or dissolved in, for exanple, a mxture of one
or nore of 20 the following: mneral oil, sorbitan nonostearate,

pol ysorbate 50, cetyl esters wax, ceteasyl al cohol, 2- octyl dodecanol,
benzyl al cohol and water. 25 Topical application for the |ower

i ntestinal -drefdrrea bevelfectedbbntalr.ectcal:cswmpasi tigroye d argul athon (see
above) or in a suitable enema fornul ati on. Dosage | evels on the order of
about . 1ng dmowabouti 46r 008 dpgrefiiehe adtztvendywndreedicettircahpeinid are
useful in the treatnment of the above conditions, wth 7 MAY 2006 33

preferred |ewvel saotiabontc@riadst acalautdul,0@0 smnglEheioammuntonf active
I ngredient that may be conbined with the carrier materials to produce a

si ngl e dosagel I ovarywikbevdiypgdependichg tpet tdredwosi dndailesl and the 5
particul ar node of admi nistration. It is understood, however, that a

speci fi 6 dosertieutk>f andanyfpadmicuilssargdtdrent wil |l depend upon a variety
of factors including the activity of the specific conpound enpl oyed, the
age, body weightIt is understcod, however, that a specific dose
level for any particular patilent will depend upon a
variety of factors incluaing the activity of the
specific compound employed, the age, body weight,
10 general health, sex, diet, time of administraticn, rate
of excretion, drug combination, and the severity of the
particular disease being treated and form of
administration.
The compounds can be administered with other
15 neurotrophic agents such as neurotrophic growth factor
(NGF), glial derived growth factor, brain derived
growth factor, ciliary neurotné;hic 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 can be
25 evaluated by known methods described in the literature
(Harding, M.W. et al. Nature 341: 758-760 (1989); Holt
et al. J. Am. Chem. Soc. 115: 9%23-9938). These values

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



10 general health, sex, diet, tine of admnistration, rate of excretion,
drug conbi nation, and the severity of the particular disease being treated
and formof adm nistration. The conpounds can be admni ni stered wythaYqgfer
15 neurotrophic agents such as neurotrophic gromh factor (NG, glial
derived growmh factor, brain derived growh factor, ciliary neurotrophic
factor, and neurotropin-3. The dosage | evel of other neurotrophic drugs
wi || depend upon the factors previously,stated 20 and the neurotrophic

ef fectiveness of the drug conbination. Kt Test Procedure Inhibition of the

pepti dyl - prolyl .| somprasels._(ratamsehaactiad i, ol the inyentive compounds

can be 25 evaluated by known net hods described int Iterature (Harding,

MW et ol 3afure 3L TS8TA0LIONN. L. of-glocdayfu them, . Soc. 115

ese values are obtai as appar ent are presented

n 7 MY 2004534, Table clroagThe 4 S-id ASISOABET 2ati on of an al ani ne

proline bond™In"a m substrate,” N-succinyl-Ala-Al a- .
oty ol ESIAEA e M o, OSSR SIRLELERLLY 0By,
1S B eSSl e SO0 ok Rer S26h0RoEAUSED by
the substrate. The inhibkition of this reaction caused
by the addition of different ceoncentrations of
inhibitor is determined, and the data 1s analyzed as a
change in first-order rate constant as a function cof
10 inhibitor concentration to yield the apparent K;
values.
In a plastic cuvette are added 950 mL of ice ccld
assay buffer (25 mM HEPES, pH 7.8, 100 mM NaCl), 10 mL
- of FKBP (2.5 mM in 10 mM Tris-Cl pH 7.5, 100 mM Nacl, 1
15 mM dithiothreitol), 25 mL of chymotrypsin (50 mg/ml in
1 mM HCl) and 10 mL of test compound at various
concentrations in dimethyl sui%éxide. The reaction is
! initiared by the addition of 5 mL of substrate
(succinyl-Ala-Phe-Pro-Phe-para-nitroanilide, 5 mg/mL in t
20 2.35 mM LiCl in trifluorcethanol).
The absorbance at 390 nm versus time is monitored
for %0 sec using a spect;ophotometer and the rate
constants are determined from the absorbance versus
time data files.
25 The data for these experiments is presented in

Table I.



inhibitor is determi ned, and the
first-order
yield the apparent K, val ues.
cold assay buffer (25 nM HEPES,

mMMin 10 MM Tris-C1 pH 7.5, 100 mM Nad,

chynmotrypsin (50 ng/m in
concentrations in dinethyl
addition of 5 nL of substrate
5 nm/nm in 20 2.35 mM Li C

versus tine is nonitored for

rate constant as a function of 10 inhibitor

surf oxide.

in triflucrastdanol).

data is analyzed as a

pH 7.8, 100 mV Nadl),

Tabl e 1|.

Table I R No.R -dinethyl propyl 3-
-e nvl o
Ny, ©
0
RI.
No. R R’
b 1,l-dimethylpropvl 3-phenylpropyl
5 2 " 3-phenvl-prop-2-
(E} ~envl
3 " 3-(3,4,5-cxi-
methoxyphenyl)propyl
4 " 3-(3,4,5-trimethoxy-
10 phenyl) -prop-2- (E} -enyl
s " 3-{4,5-mechylenedioxy)
Fhenylopropyl
6 " 3-1{4,5-methylenedioxy)
phenylprop-2- (E} -enyl
15 7 " 3-cyclohexylpropyl
§ " 3-cyclohexylprop-2- (E) -
enyl
9 " (1R} -1,3-diphenyl-1-
propyl
20 10 2-furanyl 3-phenylpropyl
11 2-thienyl "
12 2-thiazolyl "
13 phenyl " 5
14 1,1-dimethylpropyl 3-(2,5-dimethoxy}
25 phenylpropyl
1s " 3-(2,5-dimethoxy)
] phenylprop-2-{E) -enyl
1le " 2-(3,4,5-trimethoxy
phenyl)ethyl
30 17 " 3-{3-pyridyl)propyl
18 3-(2-pyrigdyl)propyl
19 " J-(a-pyridylipropyl
20 cyclohexyl J-phenylpropyl
21 tert-butyl "
35 22 cvclohexylethyl "
23 cyclohexylechyl 3-(3-pyridyl) propyl
24 cerc-butyl 3-{3-pyridyllpropyl
25 1l,l-dimethylpropyl 3,3-diphenylpropyl
26 cyclohexyl 3-(3-pyridyl)propyl
40 27 2-thienyl 3-(3-pyridylipropyl
28 tert-butyl 3,3-diphenylpropyl
25 cvclohexyl "
kRe} 2-thienyl "

time data files.
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33-(3,4,5-t,i- nmethcxyphenyl) propyl 200 43- (3, 4, 5-trinmet hoxy-
10phenyl) - prop-2- (E) - enyl 65 53- (4, 5- met hyl enedi oxy) phenyl propyl 170
63- (4, 5- net hyl enedi oxy) phenyl prop-2-(E)-enyl 160 1573-cycl ohexy} } 200
83-cycl ohexyl prop-2-(E)- enyl 600 (1R) -1, 3-di phenyl -1- propyl 52 g@fgm
2-furanyl 3-phenyl propyl 4000 112-thienyl N92 122-thi azol yl 100 13phenyl 1970
141, 1-dinethyl propyl 3-(2, -di me thoxy) 25i sphenyl propyl 250
3- (2, 5-di met hoxy) phenyl prop-2-(E)-enyl#450 162-0, 4, 5-tri net hoxy
phenyl ) et hyl 120
In mammaliarn cells, FXKBP-12 complexes with the

inositel triphosphate resceprtor (IF,R) and the rvancdins

receptor (RyR). It 1s believec thal the neurctroghic

compounds of this invention disasscciates FK3P-12 from

S these complexes causing the calcium channel to beccme
"leaky" (Cameron et al., 1893). Calcium fluxes
involved in neurite extensions so that the IPR
receptor and the ryanodine receptor might be involved
in the neurotrophic effects oI drugs. Since the crugs

10 bind to the same site as FKBP-12 as the IP,R recspter,
one could assume that the drugs displace the channels
from FKBP-12.

Chick Dorsal Root Ganglicn.

Cultures and Neurite Outgrowth

15 Dorsal root ganglia were dissected from chick
embryos of ten day gestaﬁion. Whole ganglion explants
were cultured on thin layer M&grigel-coated 12 well

i plates with Liebovitz L15 plus high glucose media
supplemented with 2mM glutamine and 10% fetal calf

20 serum, and also containing 10 pM cytosine §-D
arabinofuranoside {Ara C) at 37°C in an environment
containing 5% CO,. Twenty-four hours later, the DRGs
were treated with various cencentrations 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 Modulaticn contrast with a Zeiss

Axiover- inverted microscope. Photomicrcgraphs o: tha



30173-(3-ayridyl)propyl5 183-(2-pyridyl)propyl 195 193-(4-pyridyl) propyl 23
20cycl ohexyl 3- phenyl propyl 82 21tert-butyl 95 3S22cycl ohexyl et hyl 1025

23cycl ahexyl et hyl 3- ( 3- pyri dyl ) propyl 1400 24tert-buty|3-(3-pyridy7)@yﬂmyls
251, 1-di net hyl propyl 3, 3-di phenyl nropyl 5 26cycl ohexyl 3-(3-pyridyl) propyl 9
40272-t hienyl 3-(3-nyridyl) pronyl 1000 28tert-butyl 3, 3-di phenyl nropyl 5
29cycl ohexyl 20 302-thi enyl 150 7 MAY 2004_3E In mammalian cells, FK3P-' 2
conpl exes with the inositol trlphosphaté receptor (1P3R) and t he ryanodi ne

receptor (Ry L is believed that the reqyotrop“ c conpounds of this
i nvention dles’%:% bTrat &s* gKgagelzancr R tIfe S Hipfexeédausi ng t he
cal cium channel to_becane " y" (Caneron et al., 1995) Cal ci um fl uxes

are invol vét#R*hediFFte eyFEHQQﬁﬁs%ﬂ?QQﬁutﬁ%ﬁaQW#QDﬁed%b¥@¢uand t he

rvanodi ne recep tor ﬂht be invaolved in the neur otrophi c effects of drugs.
Since the drﬁg 218°bhE<t 65t RESIAY i t*6- s FREP- 1PUBRe ¥ hel | PeR-Leeent o

one coul d assune that t.he drugs displace the channels from FKBP-12.
quantitated per each experimental condition. Three to

S four DRGs are cultured per well, and each treatment was
performed in duplicate.
The data for these experiments are presented in
Table II. Representative photomicrographs for Example
17 ar= shown in Figure 1; a dose response curve for
10 this Example 1s given in Figure 2.
TABLE IT

Neurite Outgrowth in Chick DRG

Example No. EDgy, neurite outgrowth, nM
o1 53
15 2 145
3 1459
4 190
S 10
3 75
20 10 0.46
1y ¢.015
14 2
15 0.8
16 0.015
25 17 g.as
18 30 .
19 6
20 Q. 13
21 0.025
30 22 0.66
23 1100
24 0.014
25 0.50
26 2
a5 27 500
28 0.5¢
25 10
30 100
Sciatic Nerve Axotomy
40 Six-week old male Spracu=-Dawley rats were



Chi ck Dorsal Root Ganglion Cultures and Neurite Qutgrowth 15 Dorsal root
ganglia were dissected fromchick enbryos of ten day gestation. \ehol e
ganglion explants were cultured on thin |ayer Matrigel-coated 12 \/\HM?B[N
plates with Liebovitz L15 plus high glucose nedia supplenented with 2nv
glutam ne and 10% fetal calf 20 serum and al so containing 10 uM cytosine
F-D arabinofuranoside (Ara C) at 37C in an environnent containing 5%
CO.,. Twenty-four hours later, the DRGsyswere treated with various
concentrations of nerve' growh factor, imunophilin |igands or

combi nat i ong f s 29 NEGpl ug-dr ugs. cEar ttycelpg,mﬂhours after drug treatnent,
the ganglia were visualized under phase contrast ot°30t fHn Modul ati on

contrast w th-a.{ekss,-AXhaveLt,.hnyerted mi.crosgo Phot onj, crographs of
the 7 MAY 2004 37 —explants were né ett%an? néu%q/ F}emﬁeéjrsovw

cuantitated. d}% tes Longerithan, th sdi;aet.er, re counted_ as
positive, with Total §nénber I“lt:lnelljitrel %esggﬁqﬂ‘a?#l%t & T CHH S péri ment al

condition. E 0; 8. pur -DBGs -ar e cul.tyur .Ieachtreatmant
was perfor-rlée%se?nﬁdtgllggtg Thegéigl}ﬁal&llii %h glerec’;/(%e ehgcg %“f%p%rje%ented

in Table II resept Ve spPhQLo r | e are shown in
Fi gure 1; a%aoygprggpgngégcﬁrvgﬂk @c%@(a?'ﬁ?%"léxarrpkie 1s Jv’é T k- rgure 2.

Eolmes silver stain to cuantify the number oI

axons,

and Luxol fast blue to gquantify the level of
myelination. Eighteen days after lesion, there was a
significant decrease in the number of axons (50%

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

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

15 lesion, resulted in significant regeneration of both
axon number (5% decrease as compared to non-lesioned
contrel) 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

neurcregenerative effects of these compounds in vive.



TABLE Il Neurite Qutgrowmh is Chick DRG Exanple No. ED,,,, neurite
outgromh, rM1 53 15 2 105 3 149 4 190 5 10 6 75 20 10 0.46 11 0.015
14 2 15 0.8 16 0.015, 25 17 0.05 18 30 19 6 20 0.13 21 0.025 30 22

0.66 23 1100 24 0.014 25 0.50 26 2 35 27 500 28 0.50 29 10 3P MAPQ
Sci atic Nerve Axotony

35

Inactive 1s a compouncd that is inactive as an FK3

g

12
inhibitor. Animals treated with this compound resembled

the wvehicle-treated lesioned animals, consistcent with

the neuroregenerative results observed with Example 1

L

being directly caused by its inhibition of FKBP12.

Quanticatction for these data are shown in Table III.

Table III
Treatment Axon Number Myelin Level
(%¥ Control)
10 Sham 140 100
Lesion:
+ Vehicle (s.c.) 50 10
+ Example 1 100 50
(30 mg/
15 kg s.c.)
+ Inactive 25 25

(30 mg/kg s.c.)

MPTP Mocdel of Parkinson’s Disease in Mice
MPTP lesioning of dopaminergic neurons in mice was
20 used as an animal model of Pafkinson's Disease. Four
week old male CDl1 white mice were dosed i.p. with 30
mg/kg of MPTP for 5 days. Example 17(10-40 mg/kg), or
vehicle, were administered s.c. along with the MPTP for
S days, as well as for an additionzl 5 days following
25 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 done to guantitate the level of
30 the dopamine transporter (DAT) following lesion and

drug treatment. Immunostaining was periormed on



40 Si x-week ol d nmal e Sprague-Dawl ey rats were 7 MAY7 4 3E anestheti zed,
and the sciatic nerve exposed and crushed, a: the level of the h-- J:.
by forceps. Test conpounds or vehicle were admi nistered subcut an@édddl )i
just prior to the lesion, and daily for the following 16 5 days. Sections
of the sciatic nerve were stained with Holnes silver stain to quantify the
nunber of axons, and Luxol fast blue to quantify the |evel of

nyel i nati on. Ei ghteen days after |esion,gthere was a significant decrease
in the nunber of axons (500 10 decrease as conpared to non-I esioned
control) anddegrae Lidyelidiadl ob-4 90%decr gaseuas ngoapared., Lo non-

| esi oned contral) in aninal treated with vehicle. Adfinistration of Exanpl e
1 (30 ng/ kg t O-1 Lesi.on:apd I o ays

foll owi ng th?d%ggyledsél)eznlc Etreés(tﬁtt‘éed |ﬂ§§| g%il‘f [ cg%t fgege'\rflgfr:gﬁl éﬁ %fL both axon

number (5% féa%gag;% AS; CONPAF&s T 01 A0RAk RSh @nedeagQBl Lok) dRddt he degree of
nmyel i nation ( decrease as conpared to control) as conpared to Vehicle

treated aniymls.;dhe, significani:eifkgagy eflinExample LiphmQGQNS stent
with its potent act|V|ty ininhibiting rotamase activity and stlnulatlng
neurite gut gramihifs ¢hi C&%eﬂaeseo&es.%ks @ oWy sidndd gure 3.
"Shant denotes control aninmals that received vehicle but were not

| esi oned; "\Mehjgles depotgsSed@nbhABkS 1Eh3b-WBKEng Example 17 showed a

nearly quantitacive recovery of TE-stalned dopaminergic
neurons.
Figures 4 and S show the guantitation in DAT
10 levels, whereas figures 6-8 are photomicrographs
showing the regenerative effects of Example 17 in this
model. Figure 4 demonstrates the significant recovery
in functional dopaminergic terminals, as assayed by
[3H) -CFT binding, relative to animals receiving MPTP
1S but not the Guilford compounds. Figure 5 gives this
data in bar graph form. It is shown that animals
receiving 40 wg/kg of Example 17 in addition to MPTP
manifested a greater than 90% recovery cf [3H]-CFT
binding. As shown in Figures 6-8, immunostaining for
20 tyrosine hydroxylase (a marker of viable dopaminergic
neurcns) 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 lesioning agent
25 but ne drug (MPTP/Vehicle).
The following examples are illustrative of
preferred embodiments of the invention and are nct t¢

be conscrued as limiting the inventicon thereto. All



25 |l esioned and received only vehicle (i.e., no drug) Exanple 1 showed a
striking simlarity to the sham treated animls, denonstrating the »
power ful neuroregenerative effects of these compounds in vivo. 7 VAV 5
39 lInactive is a compound that is inactive as an FKBP12 inhibitor. Aninals
treated with this conpound resenbled the vehicle-treated | esioned animals,
consistent with the neuroregenerative results observed with Exanple 1 5
being directly caused by its inhibitiorffof FKB P12. Quantitation for these
data are shown in Table 1], Table LIl Treatnment Axon Nunber Myelin Level
(o Control) Pk SHared OONIODIMERSF 0A: FRYeAREFB-ESNc FNC5GTF0 NOF Eranpl e 1
100 50 (30 ng/ 15 kg s.c.) + Inactive 25 25 (30 n%[kg Ss.c.) NMPTP Model of
Par ki nson' s M8l seasscTwedl @2 MPTPLLBS| BRENGNERdSFEM-IELG® nedrdns i n nice
was 20 used as an ani mal nodel of Parkinson's D sease. Faqur week old nale
CD1 white nimel weze mobeduiap. wiightgoare mean average molecular

weights. All percentages are based on the percent by

5 weight of the final delivery system or formulation
prepared unless otherwise indicated and all totals
equal 100% by weight.

EXAMPLES
The inventive compounds may be prepared by a

10 variety of synthetic sequences that utilize established
chemical .transformations. The general pathway to the
presen: 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 nuclecphiles to cbtain
intermediates compounds. Thé;é intermediates are then
reacted with a variety of alechols, amides, or

protected amino acid residues to obtain the propyl

20 esters and amides of the invention.



ng/ kg of MPTP for 5 days. Exanple 17(10-40 ng/kg), or vehicle, were

adm nistered s.c. along wth the MPTP for 5 days, as well as fQEW@g
additional 5 days follow ng 25 cessation of MPTP treatnent. At | y@‘
following MPTP treatnent, the animals were sacrificed and the striata
wer e di ssected and honogeni zed. Binding of [3H3CFT, a radioligand for the
dopam ne transporter, to the stiatal nenbranes was done to quantitate the
| evel of 30 the dopam ne transporter @BAT) follow ng | esion and drug
treatnment. | mmunostaining was perforned or. 7 MAY 2004 40 saggital and
coronal brain sections using anti-tgesme 1 hydoxylase g to quantitate
survival and recovery of dopam nergic neurons. in animals treated with
MPTP and vehicle, a substantial |oss of functional dopam nergic 5

term nal s was observed as xonpared to non-1lesioned aninmals. Lesioned

ani mal s receiving Exanpl e !17 spowed a nearly quantitative recovery of
TE- st ai ned dopam neraic €negfons. Figures 4 and 5 show the cuantitation in
DAT 10 | evels, ereas figures 6-8/are phot om crogfaghs show ng the
regenerative effects of—Exampte17 KgéfﬁhfcﬁndeL__ELguLe_A denonstrates the
significant recaﬁ@?gxcgn functi onal 3opa inergic termnals, as assayed by
[3H - CFT binding, relative to anigaLé§Eé%eiving MPTP 15 but not the
Gui |l ford compounds. Figure 5 gives ihis data in bar graph form It is

shown that animals L,
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EXAMPLE 1

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

l,2-dioxopentyl)-2-pyfrolidinecarboxylate (Example 1).
s Synthesis of methyl (28)%4- (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

coocled to 0°C and treated with triethylamine (2.92 g;
10 38.74 mmol; 2.1 eqg). After stirring the formed slurry

under a nitrogen atmosphere for 15 min, a solution of

methyl oxalyl chloride (3.20 g; 26.12 mmol) in

methylene chloride (45 mL) was added dropwise. The

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

washed with water, cdried over MgSO, and concentrated.



receiving 40 ng/ kg of Exanple-"i7 in addition to MPTP manifested a greater
than 90% recovery of [3H]-CFT binding. As shown in Figures 6-8,

i mrunost ai ning for 20 tyrosine hydroxyl ase (a marker of viable c?o\ﬂhwﬂwergi C
neurons) in the striatum the nigra, and the nmedial forebrain bundle,
shows a clear and marked recovery of functional neurons in animls that
recei ved Exanple 17, as conpared to animals that received | esioning agent
25 but no drug (MPTP/vehicle). The fol |%W ng exanples are illustrative of
preferred enbodi nents of the invention and are not to be construed as
limting thdismventdonrededeeowasl PuT7ikMeZWndE pridfierar ecklerdaddingent s of
the invention and are not to be construed as limting the inven~-icn
thereto. A dlutipolwyiteh Hdkeethsl wekeghts are hwe@menverageymirecul ar

wei ghts. Al 'percentages are based on the percent by 5 weiaht of" the
final delivery>3ysteddor oforhal pticcrcipespar et amilss $idt hetist=se-4 ndi cat ed
and all totals equal 100% by wei cht EXAMPLES The inventive conpounds nmay
be prepared &y @ido0cvansetplicok spnehetisc sequerfces tirdwmts utdddmeer est abl i shed
chem cal .transformati ons. The general pathway to the present conpounds is

descri bel i rgScheme's NMRN- {GPGbyty| ot oll B8 detrivatiives2 nay be, pziepared by
reacting

3]

.62 (m, 2H); 3.71 (s, 3E}; 3.7%, 3.82 { s, 23E total);
¢.86 {(dd, 1H, J = 8.4, 3.3).

Synthesis cf methyl (2S)-1-(1,2-dioxo-3,3~
dimethylpentyl) -2-pyrrolidinecarboxylate.

10 A solution of methyl (2S8)-1-(1,2-dioxo-2-
methoxyethyl) -2-pyrrolidinecarboxvlate (2.35 g; 10.50
mmel) in 30 mL of tetrahydrofuran (THF) was cooled to
-78°C and treated wiEh 14.2 mL of a 1.0 M solution of
1,1l-dimechylpropylmagnesium chloride in THF. After

15 stirring the resulting homogenecus mixture at -7§°C for
three hours, the mixture was poured into saturated
ammonium chloride (100 -mL) anéFexcracted into ethyl
acetate. The organic phase was washed with water,
dried, and concentrated, and the crude material

20 obtained upon removal cf the solvent was purified on a
silica gel column, eluting with 25% ethyl acetate in
hexane, to obtain 2.10 g (75%) cf the oxamate as a
colorless oil. *E 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, 2K}; 3.76 (s, 3H); 4.52 (dm, 1%,
'J = 8.4, 3.4).

Synthesis of (28)-1-(1,2-dioxo-3,3-

dimethvipentyl)-2-pyrrolidinecarboxylic acid.



L-proline nmethyl ester with nethyl oxalyl chloride as 15 shown in Schene I.
The resulting oxanates nay be reacted with a variety of carbon

nucl eophiles to obtain internediates conpounds. These internedi ates are
then reacted with a variety of alcohols, am des, or protected TaMth8lkci d

residues to obtain the propyl 20 esters and am des of the invention. 7 MAY
2004 42 Schenre C CI \ FL O = VvYIrX 1l CCr | C C CC~ LO-i Y.2 10 'I

OtiieCHHN-O v I Ccur.lirs rne_ ce 0 ~8%*C-0 EXAMPLE 1 Synt hesi s of
? 2h§|n)c/)l<o:oem 3’03” (sﬁzﬁéﬂ(eglcfﬁgg‘?mt ﬁ?}r %S(Exahplé 3§°%0535dAt hesi s of
met hyl (2S)"=7-(1, 2-di oxo 2 net hox chﬁ;{;%/ I%J/rro“ﬂdl n?gar Boxyl at%3 A
sol ution of BlFeSHVA®SRYI - 56 ?ﬁ%‘r
mmol), 1 N LiOH (15 mL), and methanol (50 mL) was
stirred at 0°C for 30 min and at rocom temperature
S overnight. The mixture was acidified to pH 1 with 1 N
HCl, diluted with water, and extracted into 100 mL 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 purificaticn.

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

Synthesis of 3-phenyl-l-propyl (25} -1-(3,3-

15 dimethyl-l,2-dioxopenty1)-2-pyrrolidinecarboxylate
(Example 1). A mixture of (28}-1-(1,2-dioxo-3,3-
dimethylpentyl)—2-pyrrolidine§Carboxylic acid (60C mg;
2.49 mmol), 3-phenyl-l-propancl (508 mg; 3.73 mmol),
dicyclchexylcarbodiimide (822 mg; 3.98 mmol) ,

20 camphorsulphonic acid (130 mg; 0.8 mmol) and 4-
dimethylaminopyridine (100 mg; C.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 acetate in hexane) to obtain 720 mg {80%) of
Example 1 as a colorless oil. 'H NMR (CDC1,): d 0.84

(c, 3¥); 1.19 (s, 3H); 1.223 (s, ag); 1.70 (dm, 2H};



(3.08 g; 18.60 mmol) in dry nmethylene chloride was cooled to OC and
treated with triethylamne (3.92 g; 10 38.74 mmol; 2.1 eq). After stirring
the formed slurry under a nitrogen atnosphere for 15 mn, a sol tM Rf
met hyl oxalyl chloride (3.20 g; 26.12 mmol) in nethylene chlori ?P@ m.)
was added dropwi se. The resulting m xture was stirred at 0OC for 1.5 hr.
After 15 filtering to renove solids, the organic phase was washed with
water, dried over MgSO4 and concentrateq_ 7 MAY 2Q04 43 The crude residue
was purlfled on a silica gel col um, elutlng wi th 50% et hyl acetate in

hexane, to obt@@n(_B %% E%? fﬁ tf@ prgdggt{ﬁs aLredglgﬁ q _ M xture
a v

of cis-trans am de rotaners ta for fans rotamer 5'g N )GCDC1,)

r0d . 1.93 (dp 2H) (5 27 " 62+ ( 7 .. 3. 79,
3, 84( s 3o totaly) 2l @ E(g [&1#% 780, - ?Lgf e 0 Nt hyl
(29S) - (1 2- di oxo- 3,3- dlnethylpentyl) 2- pyrrolldlnecarboxylate 10 A
solution of nethyl (2S)-1-(1, 2-di oxo-2

th t hyl) - 2- | b 3 nmol 30 nL of
Pgtrgﬁggro¥u3an F¥ﬁk§rﬁggngﬁo egﬁ%%ﬁéf g% a%é P#é ﬁé&dwFPhp%E:% L of g 1.0

M sol ution of_ 1fgwrﬁ%rndfﬁgpylggggegkgg#ihlor|de in THF. After 15

stirring the resu eneous nm xture “78C for three hours, the

e s @égn?pqu f.agsyéﬁ}tffﬂl_smt‘&%?heﬁg}w_d%2@%‘29‘-”(‘9, ;and extract ed

dimethyl-1,2-dioxopentyl) -2-pyrrolidinecarhexylate,
80%, 'E NMR (360 Mhz, CDCl,): d 0.86 (t, 3H); 1.21 (s,
3H); 1.2%5 (s, 3H); 1.54-2.10 {m, SH); 2.10-2.37 {(m,
1H}); 3.52-3.585 (m, 2H}; 4.56 (dd, 1E, J = 3.8, B.9);

10 4.78-4.83 (m, 2H); 6.27 {m, 1H); 6.67 {dd, 1H, J =
15.9); 7.13-7.50 {(m, B5H).
Example 3: 3-(3,4,5-trimethoxyphenyl)-1-propyl (2S)-1-
{3,3-dimethyl-1, 2-dioxopentyl) -2-pyrrclidine-
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 (t, 2H); 3.79 (s, 3H);:

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

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

20 carboxylate, 66%, *H NMR (CDCl,): d 0.85 {(t, 3H); 1.22
(s, 3H}; 1.25 (s, 3H}; 1.50-2.11 (m, 5H); 2.11-2L40 {m,
1H); 3.55 (m, 2H); 3.85 (s, 3H); 3.88 (s, 6H}; 4.56
(d&d, 1H); 4.81 (m, 2HKE}; 6.22 (m, 1H); 6.58 {(d, 1H, J =
16); 6.€3 (s, 2H).

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

1-(3,3-dimechyl-1,2-dioxopencyl)-2-pyrrolidine-



acetate. The organi c phase was washed with water, dried, and concentrated,
and the crude material 20 obtai ned upon renoval of the solvent was puri fied
on a silica gel colum, eluting with 25% ethyl acetate in hexan UD&
obtain 2.10 g (75% of the oxamate as a colorless oil. 1H NWR ( ;?
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 2H); 3.76 (s, 3H); 4.52 (dm 1H, J = 8.4, 3.4).
Synt hesi s of (25)-1-(1, 2-di oxo-3, 3- di np% hyl pentyl ) - 2- nyrrol i di necar boxylic
acid. 1 -7 -NMAY- 20R 44 A mxture of nethyl (28)-I-(1 - di oxc-3,3

di et hyl pent | Ldi necar I ( , 1 NUCH (IS
W and meth% bﬁggyé\fg 28 *Sti rre@ At ?%%2: %0 gDﬁ'?h an‘?ﬂ %oom
tenperature 5_ ni gh ture aC|de|e;d th .1 N HJ,
di luted vvith?\wai{’é ; gnéz Iﬁrag} id |nt2§,aié of - netect'tf&'e% w&hlm ide. The
organi c extrac S hed lgrl e .and. con_centr ed to deliver 1.73 ¢
(871) of sno E%m?tg %Rn cﬁ di'd r%’t requi” re f%J'?E{‘he% "g)url‘fl‘éatl on. 10
"H NVR (CDC13) ( o 5 ( 3 ch 107(dm
2H): 2.02 W 23; H% 92 é§ aR) '1%) ljo R (ﬁ'd %453? Lg%o ¥ 7.3)
4.55 (dd 1H J thesis of 3-phenyl.-]| yl ,(20-1-0,_3- 15
di met hyl 21, 22 dF oﬁoaengsl %’)5 Eyn}rpoﬁlodl r}é*Car’Jbox%I'aE{)e' El=ad é 159

= 1.3, 8.0}; €.93 (s, 1E).

Example 6: 3-(4,5-methylenedioxyphenyl)-1-prcp-2-(E)-

enyl (28)-1-(3,3-dimethyl-1,Z-dicxopentyl) -

pyrrolidinecarboxylate, 82%, 'E NMR (360 MHz, CDhCl,): d

10 0.86 (z, 3H); 1.22 (s, 3E); 1.25 (s, 3H); 1.60-2.10 ({(m,
SH); 2.10-2.3% (m, 1H); 3.36-3.79 (m, 2H}); 4.53 (44,
1H, J = 3.8, B.6); 4.61-4.89 (m, 2H); S5.9%96 (s, 2H);

6.10 (m, 1H); 6.57 (dd, 1H, J

6.2, 15.8); 6.75 (4,

1H, J = B8.0); 6.83 (dd, 1E, J 1.3, B.0); 6.93 (s,

1S 1H).
Example 8: 3-cyclohexfl-i—prog72-(E)-enyl (28) -1-(3,3-
dimethyl-l,2—dioxopentyl)-2-p?frolidinecarboxylate,
92%, ‘H NMR (360 MHz, CDCl,}: & 0.86 (t, 3H); 1.13-1.40C
{m + 2 singlets, 9E 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, 1K, J = 6.5, 16).
Example 9: (iR}-1,3-Diphenyl-1l-propyl (25)-1-(3,3-
dimethyl-l,2-dioxopentyl)-2—pyrrolidinecarboxylété,
90%, 3 NMR (360 MHz, CDCl,): & 0.85 (g, 3H); 1.20 (s,

25 3H); 1.23 (s, 3H); 1.49-2.39 (m, 7H); 2.46-2.86 (m,
2H); 2.2%-3.80 (m, 2E}; 4.42-¢.82 (m, 1H}; S5.82 (td,

14, J = 1.8, 6.7); 7.05-7.21 {m, 3KH); 7.21-7.46 (m,



(Exanple 1). A mxture of (20-1-0, 2-dioxo-3, 3-
di nmet hyl pentyl)-2-pyrrolidineOtarboxylic acid (600 ng; 2.49 mol),
3- phenyl -i -propanol (SOO ng; 3.73 mol ), dicycl ohexyl carbodii mdMAY 2R ny;
3.96 mml ), 20 canphorsul phonic acid (1RO ng; 0.8 mml) and 4-
di met hyl am nopyridine (100 ng; 0.8 mml) in nmethylene <chloride (20 Wwas
stirred overnight under a nitrogen atnosphere. The reaction m xture was
filtered through Celite to renove soli#$ and concentrated in vacuo, and 25
the crude material was purified on a flash colum (25, ethyl acetate in
hexane) to cbtanal 200 nys (BDeRYOr 1 -Examplle (£Sas a (Gollordiewss a4 [2- ' H NWVR
(CDC13) : d 0. 84 A 3H); 1.19 (s, 3H); 1.23 (s, 3H); 1.70 Qm 2H); 7 NAY
2004 45 1 DgramylbHpclyl22-prrroRkifdineza-ogy(l@c2H)S9% 3 ‘HFARMEM 2H)
4.14 (m 2H); 4.51 (d, 1H); 7.16 (m 3H); 7.26 (m 2H). The nethod of
Exanple 1 wa&3 U i¥E2zedCPClprepark. 66he. &8l (lowi AF) il Ruslr dti.ve@=exangl es: 5
Exanpl e 2: 3-phenyl-I-prop-2- (E) -envl (2S5 -1- (3, 3-
di met hyl - 1, 22 d® bxopenrbyln, 22Byrr él.i2d nmec@toxy dtle, (m 80} 1H NMR (360 Mz,
CDCl3) : d0.86 (t, 3H) ; 1.21 (s, 3H); 1.25 (s, 3H); 1.54-2.10 (m 5H);
2.10-2.3% (mm, 1HE] ; 3752637585 m,289H) 4. 56 ddy, 12) J = 3.8, 8.9); 10
4.78-4.83 (m 2H); 6.27 (m IH); 6.67 (dd, 1H J = 15.9) ; '7.13-7.50 (m
5H) Exanpl e BxaBpls3, 315- £rbmeriydxyptrarapdyl 163f) oA (Y 2B)ddoxc-2- [2-
(3,3-dinmethyl -1, 2-di oxopentyl)-2-pyrrolidine-
thienyl})etnyl-2-pyrrolidinecarboxvlate, 81%, 'H NMR
(300 MHz, CDCl,): d 1.88-2.41 (m, 6H}; 2.72 (dm, 2K};
3.72 (m, 2H); 4.05 (m, 1lE); 4.22 (m, 1H); 4.64 (m, 1E);
10 7.13-7.29 {(m, 6H); 7.75 {(dm, 1H); 8.05 (m, 1H).
Example 13: 3-phenyl-1l-propyl (25)-1-(1,2-dioxo-2-
phenyl)ethyl-2-pyrrolidinecarboxylate, 99%, 'H NMR (300
MHz, CDCl,}: d 1.87-2.32 (m, 6H); 2.74 (t, 2H, J =
7.5); 3.57 {m, 2H); 4.24 (m, 2H); 4.67 (m, 1H); 6.985-
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-dioxopentyl)-2-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.€8 (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, 99%, 'H NMR (300 MMz, CDCl,): d 0.87 (t,
3H); 1.22 (s, 3H); 1.26 {s, 3H); 1.7 (m, 2H); 1.78 (m,
1E); 2.07 (m, 2H); 2.26 (m, 1E}; 3.52 {(m, 2H); 3.78 (s,

3H); 3.80 (s, 3H); 4.32 {(m, 1E); 4.81 (m, 2H); 6.2°%



car boxyl ate, 61s, 1H NMR (CDC13): d 0.84 (t, 3H)
1.71(dm 2H);1.98(m5H); 2.24(m 1H) ;2.63(m2H) ;5.51(t,2H ;3.79(s, 3H
3.83(s,3H);4.14(m 2H); 4. 52(m 1H); 6. 36(s, 2H). Exanpl e 4:

. 1.15 15(s, 3H); 1. 24(s, 3H);

3-(3,4,5-trinet hoxyphenyl)-i - pr op- 2- (E) enyl 7 MAY 2004
(25)-1-(3, 3-di net hyl -1, 2- di oxopentyl) - yrroI idine 20 carboxylate, 66%
1H NNR (CDC13) : d0.85(t 3H ; 1.22 (é 3H); 1.25 (s, 3H); 1.50-2.11 (m
5H) ; 211240(m 1H) ; 3 55(m 2H) ; .85 (dd, 1H) ; 4.81 (m 2H

16) : 6.63 (s 3 4.56 1H | = 6.22 (m 1H |
6.58 (d, 25 ESé%ﬁrp je“s 3 ( ﬁm ﬁyl ene(gl oxyphenyl) 1-propyl (25)-

LG e g e etopen ;w_), A AR ertos
2133%; }16255(2?{;0%%1%%%\/% 32"511050 anr'\r'lﬁH)ﬁ) Dyg‘é’?‘%(“ib“d’éh PR A

Exanpl e 6: 3- ?ﬁr?%ﬂaﬁﬁfe%éarox@p ? q\lprop SBEES 0)‘% |05§4(?t 19

(29 L (3o digpthyl 51 2.0 qU9PeRt ) @, RO nega by 2t o82 % b

(m, SH); 2.24 (m, 1H); 2.63 {(m, 2H); 3.5%1 (t, 2H}); 3.7%8
(s, 3H); 3.83 (s, 3E}); 4.14 (m, 2H}; 4.52 (m, 1H); 6.36
(s, 2H).

Example 17: 3-(3-Pyridyl)-l-propyl (25)-1-(3,3-

10 dimethyl-1,2-dioxopentyl) -2-pyrrelicdinecarboxylate,
80%, E NMR (CDCl,, 300 MHz): & 0.8S5 (t, 3H); 1.23,
1.26 {s, 3H each); 1.63-1.89% (m, 2H); 1.90-2.30 (m,
4H); 2.30-2.50 {(m, 1H); 2.72 (t, 2H); 3.53 (m, 2H);
4.19 (m, 2H); 4.53 {(m, 1H); 7.22 (m, 1H); 7.53 (44,

15 1H); B8.45.

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

20 7.5); 3.52 (m, 2E); 4.20 (m, 2H); 4.51 {m, 1H}; 7.09-
7.19 {(m, 2H); 7.5% {m, 1H); 8.53 (d, 1E, J = 4.9).
‘Example 19: 3-(4-Pyridyl)-l-propyl (28)-1-(3,3-
dimethyl—l,2-dioxopenty1)-2prrrolidinecarboxylate,
91%, *H NMR (CDC1,, 300 MHz): d §.92-6.80 {(m, 4H}; 6.28

25 (m, 1H); 5.25 (d, 1H, J = 5.7); 4.12 (m, 1H},; 4.08 (s,
3H); 3.7¢ (s, 3H); 3.3C (m, 2H); 2.33 {(m, 1H},; 1.85-
1.22 (m, 7E}; 1.25 (s, 3H); 1.23 (s, 3H); 0.89 (t, 3H,

J = 7.5).



10 0.86 (t, 3H); 1.22 (s, 3H); 1.25 (s, 3H); 1.60-2.10 (m 5H)
2.10'-2.39 (m 1H) ; 3.36-3.79 (m 2H) ; 4.53 (dd, 1H, J = 3.8, 8.6);
4.61-4.89 (m 2H); 5.96 (s, 2H); 6.10 (m 1H); 6.57 (dd, 1H J;ﬁﬂﬂlﬂﬁ
15.8); 6.75 (d, 1H, J =8.0); 6.83 (dd, 1H, J = 1.3, 8.0);

1H). Exanple 8: 3-cycl ohexyl-Il-prom,-2-(E)-enyl (28)-1-(3,3-
dinethyl-1,2-dioxopenty|)-2-py'rroIidinecarboxyIate, 92% 1H NMR (360 MHz,

CDC13) : d 0.86 (t, 3H ; 1.13-1 40 % 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 (

(181,50 GHET- L 305 8025821 (4011 (353 A0y RABLE 9 -

ST LSRR Ay g DO

ﬁT')Jl;— i 36 %3&;3 I;90005%?)72’3 3‘%) £n?ﬂilﬂ% 48 ? é@)‘ém‘?-’% 2(5304:12|4(7td’
Ex 10: S -2
0. ﬁzg@f;ﬁazxv%wés (3 PR A Pt Yl 2
115 ° s 2l b g 2 b 8 sn Selad e 20 ’t%zl“’ s . 4o (M

3- phenyl -1 - yl o ( ) - di oxo- 2- [2-
thlenyl])et%ﬁ‘)0 By%?oﬁldlne arboxyl ate, 81% 1H N1

Example 21: 3-phenyl-l-propyl (2S)-1-(2-tert-butyl-1,2-
dioxoethyl) -2-pyrrolidinecarboxylate, 92%, *‘E NMR
{ChC1l,, 300 MHz): d 1.29 (s, SH); 1.94-2.03 (m, SH);

10 2.21 {m, 1H}); 2.6% {(m, 2H}; 3.50-3.52 (m, 2H}; 4.16 (m,
2H); 24.53 (m, 1H); 7.19 (m, 3E}; 7.30 {(m, 2H).

Example 22: 3-phenyl-l-propyl (2S)-1-{(2-cyclohexyl-
ethyl-1,2-dioxcethyl)-2-pyrrolidinecarboxylate, 957%, 'H
NMR (CDCl,, 300 MHz): d 0.88 (m, 2H); 1.16 {(m, 4H);

15 1.43-1.51 (m, 2H}; 1.67 (m, S5H); 1.94-2.01 (m, 6H);
2.66-2.87 {(m, 4H); 3.52-3.77 (m, Zﬁ); 4.15 (m, 2H)};
4.86 (m, 1H); 7.17-7.32 {m, Sﬁi.

Example 23: 3-(3-pyridyl)-l-propyl (28)-1-{2-cyclo-
hexylethyl-1,2-dioxocethyl) -2-pyrrolidinecarboxylate,

20 70%, 'H NMR (CDCl,, 300 MHz): & 0.87 (m, 2H); 1.16 (m,
4H); 1.49% (m, 2H); 1.6B (m, 4H); 1.85-2.32 (m, 7H};
2.71 {(m, 2H); 2.85 {(m, 2H); 3.63-3.78 (m, 2H); 4.19 (m,
2H); 5.30 (m, 1H); 7.23 (m, 1H); 7.53 (m, 1H); 8.46 (m,
2H) .

25 Example 24: 3-(3-pyridyl)-1-propyl (28)-1-(2-tert-
butyl-l,z—dioxoethyl}-2-§yrrolidinecarboxylate, 83%, ‘E
NMR (CDCl,, 300 MHz): d4 1.29 (s, 9HE); 1.95-2.04 {m,

SH) ; 2.31 {(m, 1H); 2.72 {c, 2%, J = 7.5); 3.%52 (m, 2E);



, CDC13) : d 1.88-2.41 (m 6:?) ; 2.72 (dm 2H 3.72 (m 2H ;
F.); 4.22 (m 1H); 4.64 (m IF-); 10 7.13-7.29 (m 6H); 7.75 (dm
X .05 (m 1H). Exanmpl e 13: 3-phenyl -1 - propyl 25)-1-(1, 2-di -2-

( H) nmp pheny propyl (25) ( clb%@?)?@"d

5

nyI)ethyI-2-pyrroIidinecarboxylate, 99% 'H NWR (300 MHz, )

7-2.32 (m 6H); 2.74 (t, 2H, J =7.5) ; 3.57 (m 2H) ; 4.24 (m 2H ;
4.67 (m 1H); 6.95- 15 7.28 (m 5H); 7.51-7.64 (m 3H); 8.03-8.09 (m 2H).
Exanmpl e 14: 3-(2,5- dlnethoxyphenyl) 1- gropyl (25)-1-

. .
> ©0D>

(3, 3-di net hyl -1, 2- di oxopentyl : -2 pyr di'i dine car boxyl ate, 99% 'H NWR

300 Mz, ) Cl .87 (. 3 H ; 1.69
(2H) . 1.96 %?nl (5”5H;1 "zgz(nﬂ 1 ’:’ Qzésffm%) r{"sf%ég( -g?m‘m;r 3. 75(rn
(s, 3H ; 3 #é‘ &i 17 (m 2F.); 4.53 (d, 1H ; 6.72 (m 3H).
Exanpl e 15: (2 546 ridvh Yphenyl ) - 1- prop- 2- (E) =eri yl

25) - 1- (3, 3-di nethyl - t vl | boxyl 9901,
(1H %\II\/R gsoo Whg“% L ?3' 11%30 ng )3H? %rgzl‘%méHﬁ ﬁar BEL age F: 1.67
(m 2H): 1.78

3H) ] 3.80 fs2 %OXO@AF"MH 2(%}45“%]41 ﬁ‘grr%‘ﬁb“’kq%t%%%m% r 78(é|ts

5 t;lnet on%ﬁ%ﬁyP)BgEggﬁg Exanple 161'%1'(%'26 (s, 3E

&323 gbggg?yl 2 dlq§f9?3£ykg ﬁy{ro% gln c?%pgz¥nge 97% 3?1N?§n§300

2H) ; 1.98 J(m, 5!#, fh)zf%%alm\, 138) ?3 (.5”2 ) 11-.‘?’,-537.&%-72.'3')1 e 79
10H) .

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

10 hexyl-1,2-dioxcethyl)~2-pyrrclidinecarboxylate, 88%, 'H
NMR (CDCl;, 300 MHz): 4 1.24-1.28 (m, SH); 1.88-2.35S
(m, 11H); 2.72 (t, 2H, J = 7.5); 3.00-3.33 (dm, 1H);
31.69 (m, 2H); 4.19 (m, 2H); 4.55 (m, 1E}; 7.20-7.24 (m,
1H); 7.53 (m, 1H); 8.47 (m, 2H).

15 Example 27: 3-(3-Pyridyl)-1l-propyl (2S)-N-([2-thienyl]
glyoxyl)pyrrolldlnecarboxylate, 43%%, 'H NMR {CDCl,, 300
MHz): & 1.81-2.39 {(m, 6H); 2. 72 {dm, 2H); 3.73 (m, 2H);
4.21 (m, 2H); 4.85 (m, 1H); 7.1¢% (m, 2H); 7.61 (m, 1H);
7.80 {(d, 1E); 8.04 {(d, 1H); B.46 (m, 2H).

20 Example 28: 3,3-Diphenyl-l1-propyl (25)-1-(3,3-dimethyl-
1,2-dioxcbutyl) -2-pyrrolidinecarboxylate, 99%, 'E NMR
{CDbcCl,, 300 MHzZ): d 1.27 (s, 9H); 1.56 {m, 2H); 2.44
(m, 4H); 3.49 (m, 1H); 3.64 (m, 1H); 4.08 (m, 4H); 4.53
(dd, 1H); 7.24 (m, 10H).

25 Example 29: 3,3-Diphenyl-l-propyl (25) -1-cyclohexyl
glyoxyl-2-pvrrolidinecarboxylate, 91%, 'H NMR (CDCl,,
300 MMz): & 1.32 {(m, 6H}; 1.54-2.41 (m, 10H}; 3.20

(dm, 1x); 3.69 (m, 2E); 4.12 (m, 4H); 4.52 (&, 1H};



(s, 3H); 3.83 (s, 3H); 4.14 (m ZFD; 4.52 (m 1H); 6.36 (s, 2H). Exanple
17: 3- (3-Pyridyl) -1- propyl (29)-1-(3,3 10

di met hyl - 1, 2- di oxopentyl ) -2-pyrrolidi necarboxylate, 800, 'H NN@M@%%%&S,
300 MHz) : d 0.85 (t, 3H) ; 1.23, 1.26 (s, 3Heach); 1.63-1.89 (m 2H);
1.90-2.30 (m 4H) ; 2.30-2.50 (m 1H ; 2.72 (t, 2H) ; 3.53 (m 2H)

4.19 (m 2H) ; 4.53 (m 1H) ; 7.22 (rn, 1H); 7.53 (dd, 15 1H); 8.45.
Exanpl e 18: 3-(2-Pyridyl)-1-propyl (2S)-d-(3, 3- .

di et hyl - 1, 2- di oxopentyl ) -2-pyrrolidi necarboxylate, 20 88% 'H NWVR (CDC13,
300 MHz) : d70..84 Qﬁﬂ 2y ; 1.22, 1.27 (s, 3H each); 1.68-2.32 (m 8H);
2.88 (t; 2H, J = 7.5); 3.52 (m 2H); 4.20 (n1 2H); 4.51 (m 1FD' 7.09-
7.19 (m 2H)Mgé olH 38@5@ gyi11k, 1 5.4 Exanp|

(4-Pyridyl). 1 grﬁglpéylm(ZS); _(hé ty1+T-propy? Pos)Bxanpl & 149 1enyl)

di met hyl - 1, 2<diyoxap - L | ate, - H CDC13,
3:)ge|vH§/) : dtgl 92- 66.%.)%%]%%5T96bQLB§§?QQ§{W%: ’@R iﬁ L 5 7);

4.12 1H) ; 3(49 3 3.,30 2 , 3
1. 85- @22?%04)780&2()3. d3i'DGJ4 (rﬁ é%s ?)25 H?‘ 8%9 ?)“8 F(g (*ql) ,7 5). 7

MAY | N 49 Bxamwl g 2043:- pheaylal 1 propyl -¢-2 2 ycl,ohexvl -
di oxoet hyl) -2- pyr?%l?g?ﬁecgrboxslé?eqm Q ?ﬁ %ﬁL 2 %5C1§1 §6ﬂ 1 iz - d

1.05-1.33 (M7 &) ol 62:2;33.¢8) (ac, 1E): 8.03 (m, 1H)

The requisite substituted alcohols may be prepared
by a number of metheds known to those skilled in the
art oi organic synthesis. As described in Scheme II,

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

15 excess lithium aluminum hydride, or sequentially by
reduction of the double bond g; catalytic hydrogenation
and reduction of the saturated ester by appropriate
reducing agents. Alternatively, the trans-cinnamates

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

20 diiscbutylaluminum hydride.

: ' Lithium aluminum
PhSP - CHCOGCH3 hydride

THF
Hao. 4
_ . Lthium aluminum
E;g.zg:tw:alummum Pd/C hydrice or
' Oiisobutylaluminum
v hydride
>~ CCOCH
a /\/\ oH R /\/ 4 — ]

Scheme 711



12H ; 2 .69 ) t, 2H J =7.5) ; 3 .15 (dm 1=) ; 3 .68 (m 5 2K) ; 4 .
16 (m 2H ; 4.53 , 4 .84 (d, 1Htotal) ; 7.19 (m 31% ; 7.29 (m 2H) .
Exanpl e 21: 3-phenyl -1-propyl (2S)-1-(2-tert-butyl-1,2- di axoet hyIMAY 2004
-2-pyrrolidi necarboxylate, 92% 1H Iv-MR (CDC13, 300 WMHz): d 1.29 (S, 9H);
1.94-2.03 (m SH); 10 2.21 (m 1H); 2.69 (m 2H); 3.50-3.52 (m 2H); 4.16
(m 2H) ; 4.53- (m 1H) ; 7.19 (m 3H) ; 7.30 (m 2H) . Exanple 22:
3- phenyl - I -propyl (2S)-1-(2-cycl ohexyl-c2
et hyl -1, 2-di oxoet hyl ) - 2-pyrrolidi necarboxylate, 97% NWVR (CDC13, 300 MHz)
: d 0.88 (m 2H) Lcdgdf €npiAHRlrobbls. 43v1r%l i@par2®d6n2.87 (M 4.86 (m
1H); 2H); 1.67 (m 5H); 1.94-2.01 (m 6H); 4H); 3.62-3.77 (m 2H); 4.15
(M 2H); 7.HmIL32af{ipn5elf benExanpl @na3hidne3- PUdety)ded - propy!
(25)-1-(2-cycl o- hexylethyl -1, 2-dioxoethyl)-2-pyrrolidinecarboxylate, 20
70% 1H NVR ACDE832- 3001 Mizyhesd Ql8éh(Hes2hky; bk WB-ddlre )y 1.49 (M
2H); 1.68 (m 4H); 1.95-2.32 (m 7H); 2.71 (m 2H); 2.65 (m~ 2H)
3.63-3.76 (moRtprsdodofmhe2thrresodadims Prenylac®y idMark)h scve03 (M
1H) ; 8.46 (m 2H). 25 Exanple 24: 3-(3-pyridyl)-1-propyl (2S)-1-(2-tert-
butyl -1, 2- di axbét hyk)d2phgneehiydi nedathgxyt-at:e ca33%s 1H NWR (CDC13, 300
MHz): d 1.29 (s, 9H) ; 1.95-2.04 (m
Cenerzl procedure for the synthesis of acrylic
esters, exemplified for methyl (3,3,5-trimethoxy) -
trans-cinnamate:
A solution of 3,4,5-trimethoxybenzaldehyde (5.0 g;
10 25.48 mmol) and methyl (triphenyl-
phosphoranylidene)acetate (10.0 g; 29.5%1 mmcl) in

tetrahydrofuran (250 mL} was refluxed overnight. After
cooling, the reaction mixture was diluted with 200 mL
of ethyl acetate and wasﬁed 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, E; obtain 5.63 g (88%) of
the cinnamate as a white crystalline solid, H NMR (300
Mhz; €DCl,): d 3.78 (s, 3E); 3.85 (s, 6H); 6.32 (d, v
20 1K, J = 16}; €6.72 (s, 2H); 7.59 (4, 1E, J = 16).
General procedure for the synthesis of saturated
alcohols from acrylic esters. Exemplified for (3,4,S-
trimethoxy) phenylpropancl.
A sclution of methyl (3,3,5-trimethoxy) -trans-
25 cinnamate (1.81 c; 7.17 mmol) in tetrahydrofuran (30
mL) was added in a dropwise manner to a solution of
lithium aluminum hydride (14 mmol) in TEF (35 mi), with

stirring and under an argon atmosphere. After the



5H) ; 2.31 (m 1H); 2.72 (t, 2-, J =7.5); 3.52 (m 2H; 7 NAY 2904 50

4.18 (m 2L) ; 4 .52 (m IE) ; 7.19-7.25 (m 1W ; 7 .53 (m I—_?? 46
(rr., 2F) . Exanmple 25: 3, 3-dpheryl-I-propyl (2S) -1 (3, 3-dine H@i mﬁ,Z-d
ooxoDentyl)-2-pyrrolidi necarboxvlate, 99a, 1H NVR 5 (CDC13, 300 NLL?Z).: d
0.85 (t, 31z); 1.21, 1.26 (s, 3F each); 1.68-2.04 (m 51) ; 2.31- (m 1H);
2.40 (m 2H); 3.51 (m 211); 4.06 (m 3H); 4.52 (m 11); 7.18-7.31 (m
1011). Exanple 26: 3-(3-pvridy|)-1-propéé (2S)-1-(2-cyclo 10

hexyl -1, 2- di oxoet hyl ) -2-pyrrclidi-necarboxyl ate, 88% 'H NNR (CbC13, 300

ME): d 1.24- 511) . 1.88-2.3 1111): 2.72 J =175

3. o% 3.33 ( ikv&‘ §=§9%€$ 3“1gmﬁnhiﬁ3“a%.%%aé%¢ §®) 75°C 20- 7)24
1H) ; 7,53 111) 211). . 15 Ex 7:

83 Pyt dyl595- br BBV 28 '(t (Ctrﬂn%y?s- #2s ilRefed by the

glyoxyl)pyrrolldln car xylat 9W AH NVR(,CDC13 1. 81 2.39
(m 611); 2.92%EdHr %% 3%&1)0 %N2H??¥hf9fgoweg+%5 Bfy mlH): 7.19

2 ; 7.61 ( 111 2 20
(E;narrp:_l)e 28 3= BwEEEhen&Ihel l'{%é@ﬁt%g 3‘%? ,@ﬂépreg th*omgh H)

1, 2-di ox )l rroI I di necar bo | at e, 99e, -li 3, 300 MHz)
d 1.27 (& &ﬁ 1t % HRTOH SO (%?d4¥&e Bl Ee(nfaﬁéowa§ gasprd 1H) :
4.08 (m 4H)

3 (d
3, 3-Di phenylwﬁtgr8ﬁ§1q 2§§9%§%?Cﬁ%h%xaq Peﬂ o*gagEc frac;lons were

washed with water, dried, concentrated in vacuo, and
purified on a silica gel column, eluting with ethyl
acetate to obtaln 0.86 g (53%) of the alcohol zas a

10 clear oil, 'H NMR (300 Mhz; 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 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)-trans—
cinnamate {(1.35 g; 5.35 mmolflin toluene (25 mL) was
cooled to -10°C and treated with a soluticn 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 guenched with 3 mL of
methanol followed by 1 N HCL until the pE was 1. The
reaction mixture was extracted into ethyl acetate and
the organic phase was washed with water, dried and

25 concen-rated. Purification on a silica gel column
eluting with 25% ethyl acetate in hexane furnmished 0.%6
g (80%) of a thick oil, 'H NMR (360 Mhz; CDCl,): d&

3.85 (s, 3H); 3.87 (s, 6E);, &.32 (d, 2¥, J = 5.6); 6.29



gl yoxyl - 2- pyrrol i di necaboxyl ate, 91a, 111 NWMR (CDC13, 300 MHz): d 1.32 (m
611); 1.54-2.41 (m 1011); 3.20 (din, 2111) ; 3.69 (m 211) ; 4.12 (n, 411)
; 4.52 (d, 1H) ; 7 MAY 2110 51 7.28 (m !OH). Exanple 3 0 : 3, 73M1\Y2[l[lk

D phenyl -1 -oropvl (2S) -1- (2 - thienyl ) clyoxyl - 2 -pyrrol

i di necarbexylate , 7511, 'HN ZR (CDC1,, 300 MHz) : d 2.04 (m 3H) ; 2.26
(m 2H) ; 2.48 (m 1H); 5 3. 70 (m 2H) ; 3.82-4.18 (m 3Htotal) ; 4.64 (m
1H ; 7.25 (m 11H) ; 7.76 (dd, 1H) ; €& .03 (m 1H) The requisite
substituted al cohols may be prepared by a nunber of methods known to those
skilled in tlge, art, of ongare ¢ synfhesiss. (As descri hedsi gyscheny 11, 10

al kyl or aryl al dehydes may be honol ogated to phenyl proparol’s by reaction
wi th methyl (g(trdgahenyl phosphoranylidene)acetate to provide a variety of
trans-ci nnamates; these latter may be reduced to the saturated al cohols by
reaction with 15 @xcess,didibameal s pemshydei-dey.ar seaqyantially by
reduction of the double bond by catalytic hydrogenati on “ani réduct i on of

the sat urat ehvashey @ya@pcp:&@péméema%e%c{vagi_@ae& S matlht GLNALT Vel y,, the
trans-ci nnamates may be reduced to (E)-allylic a cgho s by the -of 20

di i sobuty| aluys iuHn dwelrd de. nd GHO Pa3PEHERAAHB ARy dr isde arture fron
the spirit and scope of the invention and all such
modification are intended to be includeé within the

scope of the following claims.



Li t hi um al um num hydri de or
.000CH3 Schenmes I T 7 MAY 2004 52 Longer chain al cohols may be p{ﬁ@g@ﬁg by
honol ogati on of benzylic and hither al dehydes. Alternatively,

conversion of the correspondi ng phenyl acetic
Ceneral procedure

al dehydes may be prepared by
and hither 5 acids,
for the synthesis of acrylic
(3,3,5-trimethoxy) -

Qi sobutylalum num hydride P CCOCH3 --'

and phenet hyl and hi gher al cohol s.

ester$5 exenplified for nethyl
t rans- ci nnamat e:

A non-immunosuppressive compound of the formula:

where

R, is a C,-C, straight or branched chain alkyl or alkenyl

group‘eptionally substituted with Cy-Cy cycloalkyl, C; or Cs
cycloalkyl, C;-C1 cycloalkenyl, or Ary, where said alkyl, alkenyl,
.’cycloalkyl or cycloalkenyl groups may optionally have one er
more hydrogen atoms replaced with C,-C, alkyl, C,-C, alkenyl, or
hydroxy, and where Ar; is selected ‘from the group ‘consisting of
1- naphthyl 2-naphthyl, 2-1ndolyl 3~ 1ndolyl 2-furyl, -3-furyl,
2- thlazolyl 2-thienyl, 3-thienyl, Z-L 3-_ or 4—pyridyl, and
phenyl having one to three substltuents which are 1ndependently
selected from the group consisting of hydregen, halo, hydroxyl,

nitro, trifluoromethyl, C,-Cs straight or branched alkyl or

alkenyl, CI-C,.alkoxy or C,-C, alkenyloxy, phenoxy, benzyloxy, and

amino;

X is oxygen, sulfur, or methylene (CHz);
Y is oxygen or NRZ, where R, is hydrogen or Cl-C5 alkyl. ‘and

‘Z is a G,-C, straight or- branched chain alkyl or alkenyl

'THE DiisoburylalumnumOH RV H2- Pd/ Lithiumalum num hydride R OH A



A solution of 3,4,5-trinmethoxybenzal dehyde (S.0 g; 10 25.48 mmol ) and

- methyl (triphenyl phosphoranylidene)acetate (10.0 g; 29.91 mol) in
tetrahydrofuran (250 nL) was refluxed overnight. After cooling, Bhg
reaction m xture was diluted with 200 M. of ethyl acetate and v MAEHG ¢ h
2 x 200 nL of water, 15 dried, and concentrated in vacuo. The crude residue
was chromatographed on a silica gel ocgdum, eluting wwth 25a ethyl
acetate in hexane, to obtain 5.63 g (88s) of the cinnamate as a white - .
crystalline solid, 1H NWR (300 WMz; CDC1l,) d 3.78 (s, 3H) ; 3.85 (s, 6H ;
6.32 (d, 2001H, j = 16); 6.72 (s, 2H); 7.59 (d, 1H, J = 16). Ceneral
procedure for the synthesis of saturated . alcohols fromacrylic esters.

Exenpl l«{ni.r%% ftﬁé e(]):ﬁyf"é’ aldeh B IRSNHY 1 s BBt psDRARDE orAnsel pdsioiorsf et hyl

(3,3,5-trimethoxy)-trans 25 cinnamate (1.81 c¢; 7.17 mmol) in
tetrahydrofuran (30 was added i-n r I.S€ a-SHdHdon of

i t hi utMt&Pufif ndn IﬂFcﬁI’H?éi e'%ﬂvﬁfm(?’) i n&%ﬁ%ﬁﬁ;&?e&%%kﬂéti rring and under
an argon atnosphere. After the 7 MAY 2 3. additign cogpl gte, the

mi xt ur @¥nds Chiest 84869 S(Prf‘br?ebrf“ﬁ:@&rdsgqﬁy?e?rcog*éldr%, #{?%\R/as quenghed by

the careful addition of 15 nm of 2N NaOH foll. by <58_ er. The
resul tiPTR Rar b5 v 95 1% fEq™ L?%u%’ﬁou?’ dod 124805 P¥ £ 90- Moo 01 W4

indolyl, 2-furyl, 3-furyl, 2-thiazolyl, 2-thienyl, 3-thienyl, 2-,
3-, or 4-pyridyl, and phenyl, having one to three substituents
which are independentl? selected from the group'consisting of
hydrogen, halogen, hydroxyl, nitro, trifluoromethyl, C,-C4
straight or branched alkyl or alkenyl, C,-C, alkoxy or C,-C,
alkenyloxy, phenoxy, benzyloxy, and amino;

Z may also be a fragment of the formula:

o)
—ca——”—_xz—m

3
where

R, is selected from the group consisting of straight or
branched C,-C, alkyl optionally substituted with Cy-C4 cycloalkyl
or Ar, as defined above, and unsubstituted Ar,;
X, is O or NR,, where Rs is selected from hydrogen, C,-Cq
straight or branched alkyl and alkenyl:
§4 is selected from the group consisting of phenyl(‘beniyl,
'-CL-CS straight or bfanched aikyl or -alkenyl, and Cl-Cs‘sFra%ght or ..

branched alk?llor alkenyl substituted with phenyl; : >

P



O Celite to renove solids, and the filter cake was washed wth ethyl
acetate. The conbi ned organic fractions were washed with water, dried,
concentrated in vacuo, and purified on a silica gel colum, ?I@Q mnth
ethyl acetate to obtain 0.86 g (53% of the al cohol as a 10 ﬂﬂ
NMR (300 Mhz; CDC1,) d 1.23 (br, IT 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) . Ceneral
procedure for the synthesis of trans- ghlylic ‘al cohols fromacrylic esters.
Exemplified for 15 (3,4, 5- trlnethoxy)phenylprop 2-(E)-enol. A solution of
met hyl (3,3, 5-tr|nethoxy) trans- cinnamate (1.35 g; 5.35 mml) in toluene
(25 nmL) was cooled to -10C and treated with a solution of
d||sobutylalun1nun1hydr|de in toluene (11.25 nL of a 20 1.0 M sol ution;
11. 25 nqg %@ The reaction mxture was stirred for 3 hrs at 0C and then
a- uencH&ld R MACHEE bFa Ll gt REREPLEBILEOREd By 0 NyHChtest thetrkefpH was 1.
The reaction mxture was extracted into ethyl acetate' and the organic
‘phase was m%sheﬁhﬁnFﬁﬂmam@nnoéppeﬁeaﬁdVEScompoenﬁraﬁedla&urﬂf|mawua@ on a
silica gel colum eluting with 25% ethyl acetate in hexane furnished 0.96
g (80%heffarmhl sk 0|I 1H NWR (350 Mhz; CDC1,) : d 3.65 (s, 3H); 3.67 (s,
6’> ); 4.32 (d, 2H, J 5.6); 6.29 7 MAY Z004 5 ~ (dt, 1H, j = 15.8, 5.7)
6-54 (d, 1H, j = 15 -8) ; 6 Al (s

wherein Z is other than a fragment of the formula:

O
_EH_”_XZ"R“
3

and X,, Ry, R;, and R, are as defined in claim 1.

3. The non- 1mmunosuppre551ve compound of clalm 2, wherein
R, is selected from the group consisting of C,- -Cy straight or
branched chain alkyl, 2-cyclohexyl, 4-cyclohexyl, 2-furanyl, 2-
thienyl, 2-thiazolyl, and d-hydroxybutyl. |

4. The non-immunosuppressive compound of claim 1 of the

formula:



The:invention being thus described, it will be obvious that the same my
be varied in many ways. such 5 variations are not to be regarded as a
departure from =he spirit and scope of the invention and all fﬁﬁgl

nodi fication are intended to be included wthin the scope of @ﬁllomjng
clainms. 7 MAY 2004 55 1. A non-i mmunosuppressi ve conpound of the formula:
where R, is a C -Cg straight or branched chain al kyl or al kenyl group
optionally substituted with C3-CB cyclﬁglkyl, C3 or C, cycloalkyl, C -C
cycl oal ke.nyl, or Art, where said al kyl, al kenyl, cycloal kyl, or
cycl oal kenyl groups may optionally have one or nore hydrogen atons
replaced with' Cl-C, al kyl, Cl-C4 al kenyl, or hydroxy, and where Art is
selected fromthe group consisting of 1-naphthyl, 2-naphthyl, 2--indolyl,
3-indolyl, 2-furyl,.3-furyl, 2-thiazolyl, 2-thienyl, 3-thienyl, 2-, 3-, or
4-pyridyl, and phenyl, having one hree substituents which are

i ndependently selected fromthe gfoup, consijsting of hydrogen, halo,
hydroxyl, nitro, trifluoronethyl, stNaLght or branched al kyl or

al kenyl, Cl-C4 al koxy or Cl--C4 al kehyl oxy, phénoxy, benzyloxy, and am no;
X is oxygen, sulfur, or nethylene (( ; i s oxygen or NR2, where. R2 is
hydr ogen or Cl1-C6 al kyl.; and CZ i CfQCB straight or--branched chain

al kyl or alkenyl, 7 MAY 2004 56 0

where

Z 1s a fragment of the formula:

0
——EHJI—XB-R4
3

where

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

X, is 0 or NR,, where R, is selected from ﬁhe group
consisting of hydrogen, C,-C; straight or branched alkyl and
alkenyl;

R, is selected from the group consisting of phenyl, benzyl,
C,-Cs straight or branched alkyl or alkenyl, and C,-C, straight or
branched alkyl or alkenyl substituted with phenyl;
or pharmaceutica;ly acceptable'salts or hydrates thereof.

5. A non—immunoSuppressive N-glyoxyl prolyl ester cohpound

of the formula:



wherein the al kyl or al kenyl chain is subtituted in one or nore positions
with Are as defined above, C3-C6 cycloal kyl, cycloal kyl connected by a C
-06 straight or unbranched al kyl or alkenyl chain, or Ar2 where Ar, is
selected fromthe group consisting of 2-indolyl, 3- indolyl, 2- fnmmyﬂm‘
3-furyl, 2-thiazolyl, 2-thienyl, 3-thienyl, 2-, 3-, or 4, pyrldyl and
phenyl, having-one to three substituehfs mhlch are |ndependently selected
fromthe group consisting of hydrogen, hal ogen, hydroxyl, nitro,
trifluoromethyl,. Cl1-C6 straight or branched al kyl or alkenyl Cl-4

al koxy or Cl1-C4 al kenyl oxy, phenoxy, benzyl oxy, and am no; Z may al so be a
fragnment of the formula: 0 _CM X2-R 4 where R3 is selected fromthe group
consi sting of straight or branche -Ce al kyl optionally substituted with
C3-CB cycloal kyl or Art as defingd akove, Yand unsubstituted Art; X2 is O

r NR , where R5 is selected fro _C6 straight or branched
al kyl and alkenyl; R4 is selected fromt e group consisting of phenyl,
benzyl, f { CGC, straight or bpanchgd al gyl or -al kenyl., and Cl-CS
straight or . branched al kyl o | substituted with phenyl, 7 MAY
2004 57 and pharmaceutically acceptable salts or hydrates thereof.

Ry

where
R, is a C,-Cs; straight or branched chain alkyl or alkenyl
groub optionally substituted with C;-Cq cycloalkyl, or a group
selected from the set consisting of 2-furyl, 2-thienyl, or
phenyl;
X is selected from the group consisting of oxygen and
sulfur;
Y is oxygen; and
Z is a straight or branched chain alkyl or alkenyl, whgrein
the alkyl or alkenyl chain is substitufed in one or more positions w%th;Arl'
C,-Cq cycloalkyl, or Ar; where Ar, is selected from the group
consisting of l-naphthyl, 2-naphthyl; 2-indolyl, 3-indolyl, 2-
 furyl, 3—futyl, 2-thiazolyl, 2-thienyl, 3-thienyl, 2-, 3-, or 4-
pyridyl, and phenyl, haﬁinq one to three substituents which are
independently selected from the group consisting of hydrogen,
hale, hydroxyl, nitro, trifluorométhyl, C,-Cs straight or
branched alkyl or alken.yl,.c._—c4 alkoxy or C,-C, alkenyloxy,

phénoxy, benzyloxy, and amino, and Ar, is selected from the group

-



2. The non-i mmunosuppressi ve conmpound of claim1; having the fornula: CN O
1-1 z R wherein Z is other than a fragment .of the fornula: 0 CH-X2 R4
3 and X2, Rl, R3, and R4 are as defined in claim1. 3. The
non-i nmunosuppr essi ve conmpound of “claim 2, wherein Rl is sel eEtMl?i0kom t he
group consi sting of Cl-Cg straight or branched chain al kyl, 2-cycl ohexyl,
4-cycl ohexyl, 2-furanyl, 2- thienyl, 2-thiazolyl, and 4-hydroxybutyl. 4.
The non-i mmunosuppressi ve conpound of ghaim 1l of the formula: 7 MAY 2004
58 where Z is a fragnment of the formula: 0 -CH X2-R4 ~3 where R3 is
selected fromthe group consisting of straight or branched Cl-C8 al kyl
optionally substituted with C3-C8 cycloalkyl or Ar.l as defined above, and
unsubstituted Arl; X2 is 0 or NR5, where R5 is selected fromthe group
consi st i of. h n, C1-C6 strai ht or branched al kyl and
édﬁghstlng ng_’ SL, or E-p 1dyl, and phenyl, having one to-
three substituents which are independently selected from thé
group consisting of hydrogen, and C,-C, alkoxy,
or pharmaceutically acceptable salts or hydrates thereof.
6. The non-immunosuppressive compound of any of claims 1-5,
wherein Z and R, are lipophilic groups.
7. The non-immunosuppressive compound of c¢laim 1 that is
selected from the group consisting of:
3-(3-pyridyl)-1-propyl {(2S5)-1-(3,3-dimethyl-1,2-
dioxopentyl)-2-pyrrolidinecarboxylate;
3-phenyl-1-propyl (28)-1-(3,3-dimethyl~1,2-dioxopentyl)-2-
pyrrolidinecarboxylate, |
3-phenyl-1—prop—2—(E)-enyl_{25)-1—(3,3-dimethyl-l,2-
dioxopentyl)-2-pyrrolidinecarboxylate,
3-(3,4,5-trimethoxyphenyl)-1-propyl (2S)-1-(3,3~dimethyl-
1,2-dioxopentyl)—2—pyrrolidihecarboxylate, |
3-(3,4,5-trimethoxyphenyl}-1-prop-2-(E}-enyl
(2SJ—1—(3,3—dimethyl—1,2-dioxopentyl}—2—pyrrolidinecérboxylate,
3-(4,5—dichlorophenyl)—l—propyl (28)~1-(3,3-dimethyi-~-1,2-
dioxopentyl)-2-pyrrolidinecarboxylate,

3-(4,5-dichlorophenyl)-1-prop-2-(E) —enyl (2S)-1-(3,3~- .

dimethylfl,Zjdioxopentyl)—2-pyrrg}ldinecarboxylate,



al kenyl; R, is selected fromthe group consisting of phenyl, benzyl, Cl1-C5
straight or branched al kyl or al kenyl, and Cl1-C5 straight or branched

al kyl or alkenyl substituted with phenyl; or pharnaceutically acceptable
salts or hydrates thereof. 5. A non-inmunosuppressive N-gl yox?lMA&rIB]&yl
ester conpound of the fornmula: 7 MAY 7001 59 0 0 X R where RL is a C1-C5
strai ght ‘or branched chain al kyl or alkenyl group optionally substituted
with C3-C6 cycloal kyl, or a group selected fromthe set consisting of
2-furyl, 2-thienyl, or phenyl; X is selected fromthe group consisting of
oxygen and sulfur; Y is oxygen; and Z is a straight or branched chain

al kyl or al kenyl, wherein the alkyl or alkenyl chain is substituted in one
or nore positions with.Arl, C3-C6 cycloalkyl, or Arz where Arl is selected
fromthe group consisting of 1-naphthyl, 2-naphthyl, 2-indolyl, 3-indolyl,
2- furyl, 3-fdrpkme2htieardipkyp2entyilémil-praoti @) -12-(3,3~ or 4 pyri dyl
and phenyl, having one to three substituents which are independently

" sel eciedlet hoin-1he -giiewp peonsils t-i2rg vafr dlyidriogerm rbchal Iyt ehydr oxyl , . nitro,

trifluoronethyl, Cl1-C6 straight or
' | 3- (4, 5-methylenedioxyphenyl)-1-prop-2-(E)-enyl (2S)-1-(3,3-
dimethyl-1, 2-dioxopentyl)-2-pyrrelidinecarboxylate,
3-cyclohexyl-1-propyl (25)-1-(3,3-dimethyl-1,2-
dioxopentyl)-2-pyrrolidinecarboxylate,
3-cyclohexyl-1—prop—2—(E)—ényl (258)-1-{3,3-dimethyl-1,2-
dioxopentyl)—2—pyrrolidinecarboxylate, |
(1R) -1, 3-diphenyl-l-propyl {2S)-1-(3,3-dimethyl-1,2-
dioxopentyl)-2-pyrrolidinecarboxylate,
(1R)-1,3-diphenyl-l-prop-2-(E)-enyl (28)-1-(3,3-
dimethyi—l,2-dioxopentyl)-2—pyrrolidinecarboxylate,
(lR)-l-cyclohexyl-B—phenyl-l—propyl‘(25)-1—(3,3—
dimethyl-l,2-dioxopentyl)-2-pyrrolidihebarboxylate,
| (lR)—1—cyclohexyl-3—phenyl—l—prop—2—(E)—enfl (25)-1;(3,3-
dimethyl—l,2-dioxopenty1)-2~pyrrolidinecarboxylate,
(1R)-1- (4, 5-dichlorophenyl)-3-phenyl-l-propyl (25)-1-(3, 3-
dimethyl-1,2-dioxopentyl)-2-pyrrolidinecarboxylate, |
3-phenyl-l-propyl (2S)-1-(1,2-dioxo-2-cyclohexyl)
ethyl-2-pyrrolidinecarboxylate,
3-phenyl—1-propyi (28)-1-(1,2-dioxo-4-cyclohexyl)

butyl-2-pyrrolidinecarboxylate, _ .



branched al kyl or al kenyl, C, -Ca al koxy or Cl-C4 al kenyl oxy, phenoxy,
benzyl oxy, and am no, and Ar2 is selected fromthe group 7 MAY 2004 60
consisting of 2-, 3-, or 4-pyridyl, and phenyl, having one to 7uM e
substituents which are independently selected fromthe group consisting of
hydr ogen, and Cl-C4 al koxy, or pharnmaceutically acceptable salts or
hydrates thereof. 6. The non-i munosuppressive conpound of any of clains
1-5, wherein Z and Rl are lipophilic gﬁoups. 7. The non-i mrunosuppressive
~conpound of claiml1 that is selected fromthe group consisting of:
3-(3-pyridyl)--1-propyl (2S)-1-(3,3-dinethyl-I, 2-

di oxopentyl)-2-pyrrolidinecarboxyl ate; 3-phenyl-I|-propyl
(2S)-1-(3,3--di methyl -1, 2-di oxopentyl )-2- pyrrolidinecarboxyl at e,

3- phenyl - | - py op- 2- (.E) - enyl S)-1-(3,3-dimethyl -1, 2-

dioxopentyl?iiﬁﬁy}#%ﬂ%fﬁ¥é&éfbg&§hé&é!1r%?%8?&952tf?nﬁ@h@&ybhényl)-1-propy|

- (29)-1--(3,3-dirnethyl 1,2-dioxopentyl)-2-pyrrolidinecarboxylate,
3-(3,4ﬁ§ﬂ%%7%ﬁﬂ%ﬁ&&#%ﬁﬁngcar?ﬁ%xﬂqﬁ%fa-eny

(2S)-1-(3, 3-di net hyl -1, 2-di oxopentyl)--2-pyrrolidinecarboxyl at e,
3- (4, 5- di chloRSpHENT Y =prepvby(2329) = 11 (3 @i dkoe? hyP-th2enyl] )

di oxopentyl)-2-pyrrolidi necarboxyl at e,

3- (4, 5-&diten] vrunheryl )dineraps @ ¢ Brenyl (2S)-1-(3, 3
di et hyl - 1, 2. - di oxopentyl)-2-pyrrol | di necarboxyl ate, 7 MAY 2004
3-phenyi-l-propyl (25)-1-(1,2-dioxo-2-[2-thiazolyl})
ethyl-2-pyrrolidinecarboxylate,
' 3-phenyl-l-propyl (25)fl—(1,2-dioxo—2—phenyl)
ethyl-2-pyrrolidinecarboxylate, |
1,7-diphenyl-4-heptyl (25)-1-(3,3-dimethyl-1,2-
dioxopentyl)-2-pyrrolidinecarboxylate,
3-phenyl-l-propyl (25)-1-(3,3~dimethyl-1, 2-dioxo=-4-
hydrdxybutyl)-2—pyrrolidinecarboxylate,
3-phenyl-l-propyl (28)-1-(3, 3-dimethyl-1,2-
dioxopentyl}-2—pyrrolidinecarbokamide,‘
1—[1—(3,3—dimethyl-l,2—dioxopentyl)—L—proline]-L-
phenvlalanine ethyl ester,
1—[1-(3,3~dimethyl-l,2;dioxopentyl)—L—proline]—Lwleucine
ethyl ester, |
l-[l—(3,3—dimethy1—l,2—dioxopentyl}—prroline]—L—phenyl
glycine ethyl ester,
1-{1~(3, 3-dimethyl-1, 2-dioxopentyl) -L-proline] -L-

phenylalanine.phenyl ester,



61 3- (4, 5-net hyl enedi oxyphenyl ) -1-propyl (2S)-1-(3, 3-
di'met hyl - 1, 2-di oxopentyl)-2-pyrrolidi necar boxyl at e,
3- (4, 5- met hyl enedi oxyphenyl ) - 1- prop-2-(E)-enyl (2S)-1- (3 3- dlﬁE}RY& &
2- di oxopentyl)-2-pyrrolidinecarboxylate, 3-cycl ohexyl-I-propyl AY 2004
(28) 1-(3,3--dinethyl-1,2 dioxopentyl) - 2- pyrrolidinecarboxylate
3-cycl ohexyl - | - pr op- 2- (E) enyl (2S)-1-(3,3-dinethyl-1,2- dioxopentyl)
-2-pyrrolidinecarboxylate, (1R)-1,3-dipghenyl-I-propyl
(2S)-1-(3,3-dinethyl-1,2- dioxopentyl) -2-pyrrolidinecarboxyl ate,
(1R)-1,3-diphenyl-l-prop 2-(E)-enyl (25)-1-(3,3
di nmet hyl - 1, 2- di oxopentyl ) -2-pyrrolidi necar boxyl ate,
(1R) - 1- cycl ohexyl - 3- phenyl - 1- propyl (2S)-1-(3, 3-
di met hyl - 1, 2- di oxopenty rrol.idi necarboxyl ate, ,. L
(1R) - 1- - cykt bheky 3db%@%9Verp?oBlQXPE?“EH§|“%zéfoi}8§}39
- di et hyl -1, 2-di oxopentyl)-2-pyrrolidi necarboxyl at e,
(1R Hh%meﬁh@@hhérbﬁhéMQI?Sgeéheﬁ?ﬁ-l-propyl (2S)-1- (3 3
di net hyl - 1, 2-di oxopentyl)-2-pyrrolidi necar boxyl ate, nyl - p
(2S)-1-(1, 2= dlo%x3- 32dépeldéxyl £ - déPHVPB@tﬁ}rr&lﬁﬁqEH5$ gx ¥§%Cl
3-phenyl -1 -propyl (2S)-1-(1, 2-di oxo-4-cycl ohexyl)
but yle2hp¥reekiedi.necar boxyl ate, 7 MAY 2004 62 3-phenyl -| - propyl
(28)-I-(1 2-di oxo-2-[2-furanyl]) ethyl-2- pyrrolldlnecarboxylate
3-phenyl - | 8pr oyl RS)-imrhaubirmes-2A Y2 N0 ey} prolyl ester

compound of claim 5 that is selected from the group consisting

e

of: |
3-{2,5-dimethoxyphenyl)-1-propyl (28)-1-1{3,3-dimethyl-1, 2-
dioxopentyl)-2-pyrrolidinecarboxylate,
3-(2,5-dimethoxyphenyl)-1~-prop-2-(E)-enyl (258)~-1-(3, 3-
dimethyl—l,2—dioxopentyl}-2—pyrrolidinecarboxylate,
3—(3,4,5-trimethoxyphenyi)-1-ethyl (28)y-1-(3,3~dimethyl-
1,2-dioxopentyl)-2-pyrrolidinecarboxylate,
3-(3-pyridyl)-1-propyl (25)-1-(3,3-dimethyl-1,2-
dioxopentyl)-2-pyrrolidinecarboxylate,
3-(2-pyridyl)-1l-propyl (25y-1-(3,3-dimethyl-1,2~-
dioxopentyl)-2-pyrrolidinecarboxylate,
3-(4-pyridyl)-1-propyl (2S)-1-(3,3-dimethyl-1,2-
dioxopentyl)-2-pyrrolidinecarboxylate,
3-phenyl-l-propyl (28)—l—(2—tert—butyl—l,2—dioxoethyl}-2—
pyrreolidinecarboxylate,

3-phenyl-l-propyl (2S)-1-(2-cyclohexyl-1,2-dioxoethyl)-2-



et hyl - 2-pyrrolidi necarboxyl ate, 3-phenyl-I-propyl

(2S)-1-(1, 2-di oxo-2-[2-thiazolyl]).ethyl-2-pyrrolidinecarboxyl ate,
3-phenyl -1 -propyl (2S)-1-(1, 2-di oxo- 2- phenyl ) MAY 2004
et hyl - 2- pyrrolidi necarboxyl ate, 1, 7-di phenyl -4-heptyl :
(2S)-1-(3,.3-dinethyl-1,2-- di oxopentyl)-2-pyrrolidinecarboxyl ate,
3-phenyl -1 -propyl (2S)-1-(3, 3-dinethyl-1,2-di oxo-4
hydroxybutyl) - 2-pyrrol i di necar boxyl ate;, 3-phenyl -1 -propyl
(2S)-1-(3,3-dinethyl-1,2- dioxopentyl)-2-pyrrolidinecarboxam de,
1-[1-(3,3-dinethyl -1, 2-di oxopentyl)-L-proline]-L- phenylal ani ne et hyl
ester, 1-[1-(3,3-dinethyl-1,2-di oxopentyl)-L-proline)-L--Ieucine ethyl
ester, 1-[1-(3,3-dinethyl-1,2-di oxopentyl)-L-proline]--L-phenyl glycine

et hyl o -1 1-(3,.3-di net hyl -1, 2-di oxopentyl )-L-proline]-L-
phenyﬁgféﬁé%%&h%%%éfbgéygg?eV MAY 2004 63

cob o am AT et SRER L L BL ) oo e coc
ethyl’ ster. 8. Thé non-innunoshppressive hggryoxyl p:olyl e;?ereuggggound
of cl &M% EHAY LI s2sBrEEpdddipeRrERexyR8LE  consi sting of - |
3-(3-pyridyl)-i-propyl (25)-1-(2-tert-butyl-1,2-
digxoethyl)—2-pyrrolidinecarboxylate,
3,3-diphenyl-l-propyl (2S)-1-(3,3-dimethyl-1,2-
dioxopentyl)-2-pyrrolidinecarboxylate,
_'3;(3—pyridyl)-1—propyl (28)~1-(2-cyclohexyl-1, 2-
dioxcethyl)-2-pyrrolidinecarboxylate,
3-(3-pyridyl)-i-propyl {25)-N-([2-thienyl}glyoxyl)
pyrrolidinecarboxylate,
3,3-diphenyl-1-propyl (2S)-1-(3,3-dimethyl-1,2-
dioxobutyl)-2-pyrrolidinecarboxylate,
3,3-diphenyl-l-propyl (2S)-1-cyclohexylglyoxyl-2-pyrrolidine
carboxylate, and o
3,3-diphenyl-1l-propyl (25)-1-(2-thienyl)glyoxyl-2-
pyrrolidinecarboxylate. |
9. The non-immunosuppressive compound of any of claims 1-8,
which has an affinity for FKBP-type immunophilins.
10. The non-immunosuppressive compound of claim 9, wherein
the FKBP-type immunophilin is'FKBP—lz.

11. The non-immuﬁosuppressive compound of any of claims 1-



3-(2,:5-di met hoxyphenyl)-1-propyl (2S)-1-(3,3-dinethyl-1I, 2-
di oxopentyl)-2-pyrrolidi necarboxyl at e,

3- (2, 5- di met hoxyphenyl ) - 1- pr op- 2- (E) - enyl (2S)-1- (3, 3- -7 MAY 2004
di net hyl - 1, 2- di oxopentyl ) -2-pyrrolidinecarboxylate, 3- (3, 4,
5-trinmet hoxyphenyl) -1-ethyl (2S) -1- (3, 3-dinethyl--

1, 2-di oxopentyl)-2-pyrrolidinecarboxylate, 3-(3-pyridyl)-I-propyl
(2S)-1-(3,3!'-dinmethyl -1, 2- dloxopentylg 2-pyrrolidinecarboxyl at e,
3-(2-pyridyl)-1I-propyl (28) 1-(3, 3-di PhyI-I,Z

di oxopentyl)-2-pyrrolidinecarboxylate, 3-(4-pyridyl)-I-propyl
(25)-1-(3, 3-di net hyl -1, 2- dioxopentyl)-z-pyrrolidinecarboxylate,

3-phenyl - I -propyl (2S)-1-(2-tert- butyI-I 2- di oxoet hyl ) - 2-
rroligin | 0
(p)ZIS) I -?2 gﬁgﬁgﬁgyﬁt ﬁnf?iging{}gigh qt)a%#ymﬁvdtéﬁ pyrrolidi necar boxyl at e,
3-(3-pyridyl 1 propyl (2S)-1-(2- Iohex | e
di oxoet hyl ) - pyr ir%ley %‘ W&Sﬁ“&%ﬁ ‘y Cf %L Fohyreceding
_ (28)-1-% Stert. I-1 2- dloxoethyl) 2- pyrrolldlnecarboxylate
3, 3-di phe ﬁyf“ | ¥ N PUILYLRIIS et hyl - 1, 2-

di oxopentyl) - % pyrrolldlnecarboxylate 3-(3-pyridyl)-1-propyl
(23) 1- (2- cycPohexie 1N iR HADLEA TG &qwmr%mht@ecedmg
3-(3- pyrldyl) 1-propyl. (2S)-N-((2-thienyl]glyoxyl) pyrrolidinecarboxylate,

1’ for use in medicine.

14. The ﬁon-immunosuppressive compound cf any preceding
claim for use in asséciation with a neurological disorder.

15. A pharmaceutical composition comprising a compound of
any preceding claim and a pharmaceutically acceptable carrier.

16. The pharmaceutical composition of claim 15, comprising
a neurotrophically effective amount'of a non-immunesuppressive
compound and a pharmaceutiéally acceptable carrier, wherein the

non-immunosuppressive compound is of the formula:

wherein R, X, Y, and Z are as defined in claim 1.

17. The pharmaceuﬁical composition of claim 15, comprising
a neurotrophically effective amount of a hon-immuncsuppressive
compound and a-pharmaceuti;ally acceptable carrier, whérein the

non-immunosuppressive compound is of the formula:



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

di oxobutyl)-2-pyrrolidinecarboxylate, 3, 3-di-phenyl-I|-propyl
(2S)-1-cycl ohexyl gl yoxyl - 2-pyrrolidine carboxylate, and '

3, 3-di phenyl - | - propyl (2S)-1-(2-thienyl)glyoxyl-2- pyrrolidineJEM%BQ%Iate.
9. The non-i mmunosuppressi ve conpound of any of clains 1-8, which has an
affinity for FKBP-type i mmunophilins. 10. The non-i munosuppressive
conpound of claim9, wherein the FKBPggype immunophilin is FKBP-12. 11.
The non-i mmunosuppressi ve conpound of any of-clains 1 7 MAY 1804 65 8,
capabl e of inhibiting rotamase activity. 12. The non-i mmunosuppressive
conpound of any preceding claim which is neurotrophic. 13. The

non- i mrunosuppr essi ve conpound of any preceding claimfor use in nedicine.
14. The non-i nmunosuppressi ve conpound of any preceding claimfor use in
associ ation wth a neurol ogical nder. 15. A pharmaceutical conposition
conprising a conpound of any pre ng cl@imand a pharnmaceutically
acceptable carrier. 16. The pharna €al ©onposition of claimi15,
conprising a neurotrophically effedtivelianount of a non-immunosuppressive
conpound and a pharmaceuti cal a tabl e carrier, wherein the

non- i mmunosuppr essi ve conpound ¥ of #he fornula: Y 4-1 "Z

Ry

and Z and R, are as defined in claim 2.

18. The pharmaceutical compositicn of claim 15, comprising
a neurotrophically effective amount of a non-immunosuppressive
compound and a pharmaceutically acceptable carrier, wherein the

non-immunosuppressive compound is of the formula:

H
4
N ~z
O
0
" wherein Z is as defined in claim 4.
19. The pharmaceutical composition of claim 15, comprising

a neurotrophically effective amount of a non-immunosuppressive N-
glyoxyl prolyl ester compound and a pharmaceutically acceptable
carrier, wherein the non—immuhosuppressive N-glyoxyl prolyl ester

compound is of the formula:



ox 0 RL wherein R1, X, Y, and Z are as defined in ctaim1l. 17. The

phar maceuti cal conposition of claim15, conprising a neurotrophically

ef fective anmount of a non-inmunosuppressive conpound and

a- pharmaceutically acceptable carrier, wherein the non-innunosuﬁbPMEﬂMwe
conmpound is of the fornmula: 7 MAY 2004 66 C ~~ 0"Il N Z O Rl and Z and R1
are as defined in claim?2. 18. The pharmaceutical conposition of claiml5,
conprising a neurotrophically effectiye amount of a non-i Mmunosuppressive
conpound and a pharmaceutically acceptable carrier, wherein the

non-i nmunosuppr essi ve conpound is of the fornmula: wherein Z is as defined
in claim4. 19. The pharmaceutical conposition of claim15, conprising a
neurotrophically effective anount of a non-inmunosuppressive N gl yoxyl
prolyl ester conpound and a phar utically acceptable carrier, wherein

t he non-i munosuppressive N-glyoxyl prolyl ester conpound is of the
fornmula: 7 MAY 2uu4 67 C ~~ Y 1 Y, :

wherein R,, X, Y, and Z are def;ned in claim 5.

20. The pharmaceutical composition of any of claims 15-19
for promoting neuronal growth and iegeneration, for treating a
neurological disorder, or for preventing neurodegeneration.

2i. The pharmaceutical composition of claim 20, for
stimulating the growth of damaged peripheral nerves.

22. The pharmaceutical composition of claim 20, wherein the
neuroloéical disorder is selected from the group consisting of
peripheral neuropathies, neurological neuropathies related to
neufodegeneration, Alzheimer’'s Disease, Parkinson’s Disease, and
amyotrophic lateral sclerosis.

23. A method of preparing the ndn—immunosuppressive
compound of any of claims 1-14, comprising reacting the
corresponding L-proline methyl ester with the corresponding
methyl oxalyl chloride.

24. The method of claim 23, wherein the non-
immunosuppressive CQmpOUDd is an N-glyoxyl proline derivative as
defined in claim 5. |

25. The method of claim 23 or claim 24, further comprising



NORL wherein RL, X, Y, and Z are defined in claim5. 20. The :
phar maceuti cal conposition of any of clainms 15-19 for pronoting neuronal
grow h and regeneration, for treating a neurological disorder, or for
preventing neurodegeneration. 21. The pharnaceutical conposition of M4l &im
20, for stinmulating the gromh of damaged peripheral nerves. 22. The

phar maceuti cal conposition of claim20, wherein the neurological disorder
is selected fromthe group consisting ofg peripheral neuropathies, '
neur ol ogi cal neuropathies related to neurodegeneration, Al zheinmer's

D sease,' Parkinson's Disease, and anyotrophic |ateral sclerosis. 23. A
nmet hod of preparing the non-i munosuppressive conpound of any of clains
1-14, conprising reacting the corresponding L-proline nmethyl ester with

t he corresponding nethyl oxalyl chloride. 24. The nmethod of claim 23,
whe£ &R ittEe atori-nt ewmenbsappr esspven e onpoueact Somnc A ghy opybdpeel bpe
derivative as defined in claim5. _ 25. The nethod of claim23 or claim
24, cflanrhér3 conprisim ¥ Wih 28004a B8otf ofiid Dgopi i @t er medi at e conpound by
reaction of the product of claim23 or claim?24 with a carbon nucl eophile.
26. The rE hodtecansthag docetaimy 2bo EusiherscoppetRbRdcok8RACEiAg the

i nternmedi ate conpound with an al cohol, am de or

reacting the intermediate compound with an alcohcl, amide or

protected amino acid residue.

27. The method of any of claims 23 to 26, wherein the

intermediate compound is of the formula:
0
0 Q
0
1

wherein R, is as defined in claim 1 and 2 is H.
28. A method of preparing the non-immunosuppressive
compound of any of claims 1-14, comprising coupling a compound of

formula Y-Z with a compound of formula:
o
0O 0
0
Ry

wherein R,, Y, and Z are as defined in claim 1.

29. A non-immunosuppressive compound substantially as

hereinbefore described.

30. A pharmaceutical formulation substantially as



I
‘protected am no acid residue. 27. The nethod of any of clainms 23 to 26,
wherein the internmediate conmpound is of the formula: 00 0 Rl whe¥ MAn 268t
.is as defined in claiml and Zis H.28. A nmethod of preparing the
non- i mmunosuppressi ve conpound of. any of clains 1-14, conprising coupling
a conpound of fornmula Y-Z with a .compound of formula: 0O 0 O Rl wherein
Rl, Y, and Z are as defined in claim1. 29. A non-inmunosuppressive
conpound substantially as herei nbefore descri bed. 30. A pharnaceuti cal
fornul ati on substantially as 7 MAY 1804 69 hereinbefore described. 31. A
use of a non-inmunosuppressive conpound of claiml or claim5 for the
preparation of a nedicanment for the treatnent of a neurological disorder,
or for preventing neurodegeneration.

hereinbéfore described.

31. A use of a non-immunosuppressive compound of claim 1 or claim 5 for the
preparation of a medicament for the treatment of a neurological disorder, or for

preventing neurodegeneration.



