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neurotrophic cyclophilin inhibitor compounds having an
affinity for cyclophilin immunophilins as inhibitors
of the enzyme activity associated with immunophilin
proteins, and particularly inhibitors of peptidyl-
prolyl isomerase or rotamase enzyme activity of the

cyclophilins.

2. Degcription of the Prior Art

The term immunophilin refers to a number of
proteins that sexve as receptors for the principal
immunosuppressant drugs, cyclosporin A (CsA}, FKS06,
and rapamycin. Known classes of immunophilins are
cyclophilins, and FK506 binding proteins, such as
FKBP. Cyclosporir A binds to'cyclopﬁilin while FKS506
and rapamycin bind to FKBP. These immunophilir-drug
complexes interface with a variety of intracellular
signal transduction systems, especially in the immune
system and the nervous system.

Immunophilins are known to have peptidyl-prolyl
isomerase (PPlase) oxr rotamase enzyme activity. It
has been determined that rotamase activity has a role
in the catalyzation of the interconversion of the cis
and trans isomer of immunophilin proteins.

Immunophilins were originally discovered and

studied in immune tissue. It was inizially postulated
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inhibizion of rotamase activity, in and of itself, is
not sufficient for immunosuppressant activity.
Instead immunosuppression appears to stem £rcm the
formulation of a complex of immunosuppressant drugs
and immunophilins. It has bpeen shown. that the
immunophilin-drug complexes interact with ternary
protein targets as their mode of action. In the case
of FKBP-FKS056 and FKBP-CsA, the drug-immunophilin
complexes bind to the enzyme calcineurin, irhibiting
T-cell receptor signalling 1leading 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.

Immunophilins have beenn found to be present at

- high concentrations in the central nervous system.

Immunophilins are enriched 10-50 times more in the
central nervous system than in the immune system.
Within neural tissues, iinmunophilins appear to
influence nitric oxide synthesis, neurotransmitter
release, and neuronal process extension.
Surprisingly, it has been found that picomolar
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25 I nfluence nitric oxide synthesis, neurotransmtter release, and
neur onal process extension. Surprisingly, it has been found that piconolar
concentrations of an i mMmunosuppressant such as MO 97/ 18828

PCT/ US96/ 176WpD 9748828y cl osporin A stinul ates neurite out grorChvusss/IPGT2
cells and sensory neurons, nanmely dorsal root ganglion cells (DRGs). Mre
particularly, it has been found that drugs wth a high affinity for
cyclophilin are -5 potent rotamase inhibitors and exhibit excellent

neurotrophic effectgycEraaar reta ade im:lBN0ROLH S ARd LRg,Ner yOUSe12
Systeni, Nature Medicine,” Volune 1, No. 1, January 1995, 32-37. These
findings suggest theelke aoid sahsbry aisniny anophiy| dors«l avetegaggivesy 10
in treating various peripheral neuropathies and enhancing neuronal
regromth in the centebls néPRGsis. sMerempagCll§hlarly, Siadihes Iware found
denonstrated that
that drugs with a high affinity for cyclophilin are
5 potent rotamase iﬁhibitois and exhibit excellent
neurotrophic effects. BSnyder et al., "Immunophilins
and the Nervous System", Nature Medicine, Volume 1,
No. 1, January 1995, 32-37. These findings suggest
the use of inhibitors of cyclophilin rotamase activity
10 in treating various peripheral neuropathies and
enhancing neuronal regrowth in the central nervous
system (CNS). Studies have demonstrated that
neurodegenerative disorders such as Alzheimer’'s
disease and Parkinson’s disease may occur due to the
15 loss, or decreased availability, of a neurotrophic
substance specific for a particular population of
neurons affected in the disorder.
Several neurotrophic factors effecting specific
neuronal populations in the central nervous system
20 have been identified. For example, it has been
hypothesized that Alzheimer’s disease results from a
decrease or loss of nerve growth factor (NGF). It has
thus been proposed to treat SDAT patients with
exogenous nerve growth factor or other neurotrophic
25 proteins such as brain derived growth factor, glial
derived growth factor, ciliary neurotrophic factor,

and neurotropin-3 to increase the survival of

degenerating neuronal populations.
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neuronal populations in the central nervous syst®m 20 have been
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PCT/ US96/ 17677 - 5- }.arge proteins to nervous system targets. By
5 contrast, immunosuppressant drugs with neurotrophic

activity are relatively small and display excellent
biocavailability and specificity. However, when
administered chronically, immunosuppressants exhibit
a number of potentiially serious side effects
10 including nephrotoxicity, such as impairment of
glomerular filtration and irreversible interstitial
fibrosis (Kopp et al., 1991, J. Am. Soc. Nephrol.
1:162); neurological deficits, such as involuntary
tremors, or non-specific cerebral angina such as non-
15 localized headaches (De Groen et al., 1987, N. Engl.
J. Med. 317:861); and vascular hypertension with
complications resulting therefrom (Kahan et al., 1989

N. Engl. J. Med. 321: 1725}.
The present invention provides both
20 immunosuppressive and non-mmunosuppressive
cyclophilin inhibitor ccmpounds containing small
molecule cyclophilin rotamase inhibitors which are
extremely potent in augmenting neurite outgrowth, and
for promoting and stimulating neuronal growth and
25 regeneration in various neuropathological situations
where neuronal repair can be facilitated. These
situations ;;clude augmenting neurite outgrowth and

promoting neuronal growth and regeneration for nerve



Clinical application of these proteins in various neurol ogical di sease
states S hanper ed by difficulties in the delivery and
bi oavail ability of large proteins to nervous .system targets. By 5

contrast, voWBHRRBUPPressant drugs w th neurotrophic acti biclsidBerr
relatively small and display excellent bioavailability and specificity.

However, when adm nistered chronically, i nosuppressants exhibit a
nunber of potentiially serious side effects™0 i ncl udi ng
nephrotoxicity, such as  inpairnent  of glomerular filtration and
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1725). The presefdpinall naext i and brpifnyi dagludihgt BaRlge to spinal
| mMunosuppr essi ve and non- i mrunosuppressive cyclophilin
i nhi bitor conpoundsaeomins niand speiifons in the brain, brair damage
associated with stroke, and for the treatment of
neurological disorders relating to neurodegeneration,
including Parkinson’s disease and Alzheimer’s
disease. |
10
SUMMARY OF THE INVENTION
This invention relates to the method of uging
neurotrophic cyclophilin inhibitor compounds having an
affinity for <cyclophilin-type immunophilins as
15 inkibitors of the enzyme activity associated with
immunophilin proteins, and particularly inhibitors of
peptidyl-prolyl isomerase or rotamase enzyme activity.
A preferred embodiment of this invention is a
method of trreating a neurclogical activity in an
20 animal, comprising:
administering to an animal an effective amount of
an immunosuppressive cyclosporin represented by
formula I and pharmaceutically acceptable salts
thereof, wherein:
25 R* is MeBmt or [3-DesoxyMeBmt] or represented by

formula III; wherein positions 2, 3, and 4 have

the configurations S, R and R, respectively;
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di abetes, including peripheral, ngrve d@pﬁge,hdarrigg.e to notor neurons,
damage to the central n&*vBu§iBFLeRPRAni nd¥PFdand brain) incl udi ng

d I nal : ' ' br ai
Amage associ ated with Sironb. “SAACPRREHEED? aefhel® X Tpagidie

damage associated with r'edt nen
disorders relating to neWnededensr 8k A%, i Acd UMY 2Ar KiapgORoSvalli Sgase

and Al zhei mer' s di sease.
5 is Sar; R' is MeLeu; R® is Vval; R® is MeLeu; R’ is
Ala; R*is D-Ala; R® is MelLeu; R is Meleu; and,
R*?* is Val or [D-MeVvall.
Another preferred embodiment of this invention is
a method of treating a neurological activity in an
10 animal, comprising:
administering to an animal an effective amount of
a non-immunosuppressive cyclosporin of formula 1IV:
wherein:
R* is MeBmt or dihydro MeBmt or represented by
15 formula III; wherein positions 2, 3, and 4 have
the configurations S, R and R, respectively;
wherein -X-Y- is connected by a double bond or a
single bond; wherein: R*® is Abu or a fluorinated
analog therecf; R? is Sar, D-MeAla, or a
20 fluorinated analog thereof; R' is an N-methylated
amino acid residue with a (Cl-C9) straight or
branched chain alkyl or alkenyl group; these
straight or branched alkyl or alkenyl groups may
be substituted by cycloalkyl (C3-C8}); R, may also
25 be (C3-C8) cycloalkyl or (C5-C7} cycloalkenyl;
the above alkyl, alkenyi, cycloalkyl orx
cycloalkenyl groups way be substituted with (Ci-

C4) alkyl or (Ci-C4) alkenyl, or hydroxy,



10 SUMVARY COF THE I NVENTION This invention relates to the nethod of using
neur ot rophi ¢ cyclophilin inhibitor conpounds having an affinity for

cycl ophilin-type immunophilins as 15 inhibitors of the enzyne
activity assgpiodh wi th i munophilin proteins, and parti CLH&%s}‘sAﬂW bitors
of peptidyl-prolyl 1sonmerase or rotanase enzyne activity. A preterred
enbodi nent of this invention is a nethod of gtreating a neurol ogi cal
activity in an 20 anlnal conpri si ng: gnlnistering to an animal an

effective amount of an | gggg%rsa & e §Imgr|geg}§ia'r ‘?%5@15@8 _Rysformula

| and pharmaceutical ly ac epta ts thereof, where
Rlerr] is MeBnt or [ 3- DggoxyiMeBiid-methi/@present ed Iy fqrsrml\ﬁall | lgr Wherein

positions 2, 3, and 4 have the configurations S, R and R respectively;
fluorinated analog therecf; R® is MeAlLa, MeAbu,
or a fluorinated analog therecf; R’ is Ala or a
5 fluorinated derivative thereof; R®is (a} D-Ala or
a fluorinated aralog therecf; or (b) O-acyl-D-Ser
or O-acyl-D-Thr wherein ;he acyl group is defined
as R'? -CO- where R represents hydrogen, C,.
¢alkyl, phenyl or substituted phenyl of formula Vv
10 wherein X* and ¥? independehtly are (a) C, ,alkyl;
{b) C,calkanoyl; (c) CH,0H; (d) halo; (e} C,.
saikoxy; (f) -NH,; (g} -NO,; (h) -COOH; (i) -COOC,.
sarkyl; or (j) -H; R’ and R are independently
MeLeu or a fluorinated analog thereof; and, R' is
15 MeVal or a fluorinated analog thereof.
Another preferred embodiment of this invention is
a method of treating a neuroclogical disorder in an
animal, comprising:
administering to an animal an effective amount of a
20 cyclophilin inhibitor having an affinity Zor
cyclophilin-type immunophilins to stimulate growth of
damaged peripheral nerves or to promote neuronal
regeneration, wherein the cyclophilin-~type
immunophilin exhibits rotamase activity and the
25 cyclosporin derivative inhibits said rotamase activity

of the immunophilin.
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wher ei n -X-Yl“kﬁwgaﬁgected by a doubl e bond or a single bondpcrrusedsanéin:
Rlerr] is independently selected fromthe group consisting of Abu, Ala,

Thr, Val, and norVal; R3 5 is Sar; Rlerr] is MeLeu; Rlerr] is Val
Rlerr] is MeLeu; Rerr] is Ala; Rerr] is DAla; Rerr] is MeLeu; Rerr] is
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this invention is a neth neurorogi cala y
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non-i nunosuppr essi ve cyclosporin o I V: erein: R 1s MeBnt or

di hydro MeBnt or repieset eddipriding: formula I'l1; wherei n
positions 2, 3, and 4 have the configurations S, R and R respectively;

wherein -X-Y- is connect etiniynisteaibyethend animalsang ffeoyicde abheust rof
Rlerr] is Abu or a fluorinated analog thereof; Rerr] is Sar, DMAla, or a

5 a cyclophilin iphibitor having an affinity for

cyclophilin-type immunophilins in combination with an

effeczive amourt of a neurotrophic factor selected

from the group consisting of neurotrophic growth

factor, brain derived growth factor, glial derived

10 growth factor, «cilial neurotrophic factor, and

neurotropin-3, to stimulate growth c¢f damaged

peripheral nerves or to promote neuronal regeneration,

wherein the cyclophilin-type immunophilin exhibits

rotamase activity and the cyclosporin derivative

15 inhibits said rotamase activity of the immunophilin.

Another preferred embodiment of this invention is

a method of stimulating growth of damaged peripheral
nerves, comprising;

20 administering to damaged peripheral nerves an

. effective amount of a cyclophilin inhibitor compound

having an affinity for cyclophilin-type immunophilins

to stimulate or promote growth of the damaged

peripheral nerves, wherein the cyclophilin-type

25 immunophilins exhibit rotamase activity and the

cyclosporin derivative inhibits said rotamase activity

of the immunophilin.
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acid residue with a (CL-C9) straight or branched chain al kyl or al kenyl
group; these straight or branched al kyl or al kenyl groups nay be
substitut ed woomyasbomal kyl (Cerr]-Cerr]); Rerr] may al sopeFmussenrzér?r be

(C3-C8) cycloal kyl or (C5-C7) cycloal kenyl; the above alkyl, al kenyl ,
cycl oal kyl or cycl oal kenyl groups may be.jgubstituted with (Cl- C4) al kyl
or (Cl-C4) al kenyl, or hydroxy, WO 97/ 18828

PCT/ US96/ 17677 -8- espemictier phererRddisnddditiencMeWalni MenhapDs &h a5 s OF

[ Me-([err]-nmethyl)Thr]; Rlerr] is Val or a fluorinated anal og
thereof; Rlerr] |saNhéthpdN@ﬁ@sﬁ1mnla;ﬁﬂgugmbwahedfadahsgpafgﬁﬁxﬁhef{kwr] i's
Ala or a 5 fluorinated derivative thereof; Rerr] is (a) DA a or

a fluorinated anal%@rY¢ﬁweRﬁ@?ﬁ%SiPEy O acyl -D-Ser or O acyl-D- Thr wherein

the acyl group is d
yi- g P gﬁlnlsterlng toe damaged peripheral nerves an

S effective amount of an FKBP inhibitor compound having
an affinity for cyclophilin-type immunophilins to
stimulate growth of damaged peripheral nerves, wherein
the c¢yclophilin-type immunophilin exhikit rotamase
activity and the cyclosporin derivative inhibits said

10 rotamase activity of the immunophilin.
Another preferred embodiment of this invention is
a method for promoting neurcnal regeneration and
growth in animals, comprising:
administering to an animal an effective amount of a
15 cyclophilin inhibitor compound having an affinity for
cyclophilin-type immunophilins to promote neuronal
regeneration, wherein the cyclophilin-type
immunophilins exhibit rotamase activity and the
cyclosporin derivative inhibits said rotamase activity
20 of the immunophilin.
Yet another preferred embodiment of this
invention is a method for preventing neurodegeneration
in an animal, comprising:

administering to an animal an effective amounc of a

25 cyclophilin inhibitor having ar affinity for
cyclophilin-type immunophilins to prevent
neurodegeneration, wherein the cyclophilin-type

immunophilin exhibits rotamase activity and the



as Rerr] -CO where R err] represents hydrogen, (err] [err]alkyl, phenyl
or substitulgslepgigy! of fornmula VvV 10 wher ei n X[ epigdradBéh76ber 1 ]

i ndependently are (a) Cferr]alkyl; (b) C[err]alkanoyl; (c) CHerr]OH (d)
hal o; (e) Cerr] [err]al koxy; (f) -NH[err]'I(g) -NJerr]; (h) -COOH (i)
-Co0C[err] [err]alkyl; or (j) -H Rerr] and Rl err] are independently MelLeu
or a fluorinated anal t hereof ; .and,. R[er&% Ls 15 . . MeVal or a
fluori nated anal og ctyﬁggéﬁbf‘lﬁ HARVE ePPLRLERRRhERtaBRSE Rt SNt | on
is a nethod of treatl a, i cal disorder in an animal, conprising:
adm nistering to a%kaggﬁafggﬁﬁg ﬁ%%’?Ve anount of a 20 cyclophilin
inhibitor having an affinity for cyclophilin-type i munophilins to
stinmulate grom h of damaged peri pheral nerves or to pronote neurona
regenerati on, wher ei n BREEF DESCHIMIION OFt Y& bRANMMResi | in exhibits
rotamase activity and the 25 cyclosporin derivative inhibits said
rotamase actiSvity of t'hBIGmunepkdokserresponse curve for Cyclosporin A.

FIG. 1 shows a typical dose at which EDg, for CsA, the
dose at which 50% of the maximal response was

elicited, is calculated to be 50 nM.

10 DETAILED DESCRIPTION OF THE INVENTION

The novel neurotrophic cyclophilin inhibitor
compounds £ this invention have an affinity for the
cyclosporin binding protein, cyclophilin. When the
neurotrophic compounds of the invention are bound to

15 cyclophilin, they have been found to inhibit the
prolyl-peptidyl <cis-trans isomerase activity, or
rotamase activity of the binding protein and
unexpectedly stimulate neurite growth.

The compounds of the present invention can be
20 used in the form of salts derived from inorganic or
- organic acids and bases. Included among such acid
salts are the following: acetate, adipate, alginate,
aspartate, benzoate, benzenesulfonate, bisulféte
butyrate, citrate, camphorate, camphorsulfonate,

25 cyclopentanepropionate, digluconate, dodecylsulfate,
ethanesulfonate,' fumarate, glucoheptanoate,
glycerophosphate, hemisstlfate heptanoate, hexanoate,

hydrochloride, hydrobromide, hydroiodide, 2-
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Anot her preferred enbodi nent of this invention is a nethod of treating a
neur ol ogi cal disorder in an animal, conprising: admnistering to an ani nal
an effectiveaygdmiuass of 5 a cyclophilin inhibitor haveemjussen7677
affinity for cyclophilin-type innmunophilins in conbination with an
effective amount of a neurotrophic factor sghected fromthe group

consi sting of neurotrophic growth factor, brain derived gromh factor,

glial derived 10 hygggwtggﬁgghlf&ﬁgga, neuid PP, c fagctahee and
neurotropin-3, to 'stinufate growmh of danmaged perlpﬁeral nerves or to

pronot e neuronal regaemisudfonaber eizrnaphthytbnphl Ebnatypenisotinepte) i n
exhibits rotamase activity and the cyclosporin derivative 15 I nhibits

sai d rotamase acti w#alaafe,t hmauoanmoppediinayiot brepperdts & edueabmatieent of
this invention is a nethod of stinulating growth of damaged peripheral
nerves, conprising;tartrate, thiocyanate, tosylate and undecancate. Base
5 salts include ammonium salts, alkali metal sal:ts such
as sodium and potassium salts, alkaline earth metal
salts such as calcium and magnesium salts, salt with
orgaric bases such as dicyclohexylamine salts, N-
methyl-D-glucamine, and salts with amino acids such as

10 argirine, lysine, and soc forth. Alsc, the basic
nitrogen-containing groups can be qguaternized with
such agents as lower alkyl halides, such as methyl,
ethyl, propyl, and butyl chloride, bromides and
iodides; dialkyl sulfates 1like dimethyl, diethyl,

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

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

25 neuropathic and neurological disorders relating to

neurodegeneration. The compounds of this invention

can also be administered toc mammals other than humans



20 adm nistering to danmaged peripheral nerves an effective anount
of a cycl opRid d7isd2@hi bi t or conpound having an affinity for peyaisegreti n-type
i mmunophilins to stinulate or pronote grow h of the damaged peri pheral
nerves, wherein the cyclophilin-type 25_ 13- i mmunophilins exhibit
rotamase activity and the cyclosporin derlvatlve I nhibits said rotanmase

activity of the i op £ 97 1
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of stinulating groyéoedelamaged peri pheral nerves, conpri si ng:
admnistering to damaged peripheral nerves an 5 effective anount

of an FKBP i nhi bitor corfpours dlacongoandafl bEfnthy fruseticliopbntisnt ¥pe

i mmunophilins to stinulate growh of damaged peripheral nerves, wherein the
cycl ophi l'i n-type ipoterphinhibigcdyisbiof rotamase actiwdtyy aaddpbhsesycamsporin
derivative inhibits said"

5 excellent degree of neurocrophic activity. This
activity is wuseful in the stimulation of damaged
neurcns, the promotion of neuronal regeneration, the
prevention of neurcdegeneration, the stimulation of
growth of damaged peripheral nerves, the stimulation

10 of growth of damaged neurons in the spinal cord, the
stimulation of growth of motor nerves, and in the
treatment of severa. neurological disorders known to
be associated with neuronal degeneration and
peripaeral neuropathies. The neuroclogical disorders

15 that may be treated include but are not limited to:
trigeminal neuralgia, glossopharyngeal neuralgia,
Bell’s Palsy, myasthenia gravis, muscular dystrophy,
progressive muscular atrophy, pregressive bulbaxr
inherited muscular atrophy, herniated, ruptured or

20 prclapsed invertabrae disk syndromes, cervical
.spondylosis, plexus disorders, thoracic outlet
destruction syndromes, peripheral neuropathic such as
those caused by lead, dapsone, ticks, porphyria, or
Gullain-Barré syndrome, Alzheimer’s disease, and

25 Parkinson’s disease.

For these purposes the compounds of the present

e invention may be administered orally, parenterally, by

inhalation spray, topically, rectally, nasally,



10 rotamase activity of the immunophilin. Another preferred enbodi ment
of this invention is a nethod for pronoting neuronal regeneration and
growh in animals, conprising: adm nistering to an aninmal an effective
amount of a Woernssmycl ophilin inhibitor conmpound havi ng anpatiskssibesrf or

cycl ophilin-type I mmunophilins to pronote neuronal regeneration,
wher ei n t he cyclophilin-type.innunophtliﬁs exhi bit rotamase activity
and the cycl osporin derivative inhibits said rotanmase activity 20 of

t he i munophilin. thccgﬂf§h65a%gé§%§%;§fivfgpggi{ﬁgfané%é I%%%3y%g¥ﬁg$ion

is a method for preventing heur on in an -ani mal,

admi nistering to andaagggl_.f@fh@fat@ﬁﬂé/%&mq&mngf cam?émiona&y%RDEE{&&'

inhibitor having an affinity for cyclophilin-type I munophr 11 ns

to  prevent neurogpgengeatt Dfally Vdeiditable NearrLated 0PAE} i vkedoPCand

I mmunophilin exhibits rotamase activity and the
vehicles. The term parenteral as used herein includes

5 subcutaneous, intravenous, intramuscular,

intraperitoneally, intrathecally, intraventricularly,
intrasternal and intracranial injection or inZusion
techniques.

To Dbe effective therapeutically as central

10 nervous system targets the immunophilin-drug complex
should readily penetrate the blood-brain barrier when
peripherally administered. Compounds of this
invention which cannot penetrate the blood-brain
barrier can be effectively administered by an

15 intraventricular route.

The pharmaceutical compositions may be in the
form of a sterile injectable preparation, for example
as a sterile injectable agqueous or oleaginous
suspension. This suspension may be formulated

20 according to techniques know in the art using suitable
dispersing or wetting agents and suspending agents.
The sterile injectable preparation may also be a
sterile injectable solution or suspension in a non-
toxic parenterally-acceptable diluent or solvent, for

25 example as a solution in 1,3-butanediol. Among the
acceptable vehicles and solvents that may be employed

are water, Ringer’s solution and isotonic sodium

chloride solution. 1In addition, sterile, fixed oils
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cycl ospori ngydfyzh¥aki ve inhibits said rotamase activity of pEgysdgaygphi lin.
BRI EF DESCRI PTI ON OF THE DRAW NGS 5 FIG 1 is dose-response curve
for Cyclosporin A. FIG 1 shows a typical dgse at which Eerr] for CsA,
the dose at which 50% of the nmaximal response was elicited, is calcul ated
to be 50 M 10 are convendiSHAiEDRBECRLTOY Chifkke Iwgugkggdm novel
neurotrophic cyclophilin in rhl bitor "conpounds f this inventi ave
affinity for the cuelosporirobitwliHgpidsl mnycHilephidikad o1 YWRayt Be
neur ot r ophi ¢ conmpounds of the |nvent|on are bound to 15 cyclophllln

t hey have been fousdployedhihecludiveg psphiyhe popt hdib- Cos- diaNycksogBsase
activity, or rotamase activity of the binding protein and unexpectedly
stinmul ate neurite FrBWhaciie cvmpbupds dfeicheapidsamd i iengilpneciadebe 20
used in the formof, salts derlvec fromi norganlc or organi c acids and
bases. | ncPuded SRPAEPEHESS acifdnd use 1n  the preparation of

injectables, olive oil or castor oil, especially in

their polyoxyethy.aced versions. These oil solutions
or suspensions may also contain a long-chain alcohol
diluent or dispersant.

10 The compounds may be administered orally in the
form of capsules or tablets, for example, or as an
agueous suspension or solution. In the case of
tablets for oral use, carriers which are commonly used
include lactose and corn starch. Lubricating agents,

15 such as magnesium stearate, are also typically added.
For oral admiﬁistration in a capsule form, useful
diluents include lactose and dried corn starch. When
agqueous suspensions are required for oral use, the
active ingredient is combined with emulsifying and

20 suspending agents. If desired, certain sweetening

. and/or flavoring and/or coloring agents niay be added.
The compounds of this invention may also be
administered in the form of suppositories for rectal
administration of the drug. These compositions can be

25 prepared by mixing the drug with a suitable non-
irritating excipient which is solid at xoom
temperature but liguid at rectal temperature and

therefore will melt in the rectum to release the drug.



salts are the follow ng: acetate, adipate, alginate, aspartate, benzoate,
benzenesul f onat e, bi sul fate butyrate, citrate, canphor at e,
canphor sul fonate, 25 cycl opent anepr opi onat e, dj gl uconate,

dodecyl sul f aix@y 978kEgNesul f onat e, fumarat e, gl ucohept a;%%
gl ycer ophosphat e, hem ssul fate heptanoate, hexanoate, hydroc osféf’éé“,"

hydr obr om de, hydr oi odi de, 2- . WO 9 é18828

PCT/ US96/ 17677 -12- hydroxyet hanesul fonate,”™ | actate, mal eat e,

met hanesul f onat e, 2;ngpht hal ensuyl f onat.e,, ni cotinate, oxal ate, panoate,
pectinate, propiona %c,arpsﬁég?ﬁ%\? S t’éﬁlr‘iﬁee,c?ﬁ?%ci;’é‘iﬁﬁﬁf tRRSFHAe ¢
undecanoat e. Base 1 hbSel BELHdesammoni um salts, alkali netal salts
such as sodi um and‘rii)ootyaestzl?]um Sa tg afkal ine earth nmetal salts such as

cal ci um and nagnesi um sqihtes,cgs@%éurmg ho@r agtiis Qﬁegﬁtgfphmg§ also be
di cycl ohexyl am ne salts, N nethyl-D-glucanm ne, and salts with am no acids
such as administered optically, especially when the conditions
5 addressed for treatment involve areas or organs
readily accessible by topical application, including
neurclogical disorders of the eye, the skin, or the
lower intestinal tract. Suitable topical formulations
are readily prepared for each of these areas.

10 For ophthalmic use, the compounds can be
formulated as micronized suspensions in isotonic, pH
adjusted sterile saline, or, preferably, as solutions
is isotonic, pH adjusted sterile saline, either with
or without a preservative such as benzylalkonium

15 chloride. Alternatively for the ophthalmic uses the
compounds way be formulated in an ointment such as
petrolatum.

For application topically tc the skin, the
compounds can be formulated in a suitable ointmenc

20 containing the compound suspended or dissclved in, for
example, a mixture with one or more of the following:
mineral oil, ligquid petrolatum, white petrolatum,
propylene glycol, polyoxyethylene polyoxypropylene
compound, emulsifying wax and water. Alternatively,

25 the compounds can be formulated in a suitable Lotion
or cream containing the active compound suspended or
dissolved in, for example, a mixture of one or more of

the following: mineral oil, sorbitan monostearate,



10 arginine, |lysine, and so forth. Al so, the basic

ni t rogen- conth'g.,ﬂE”groups can be quaterni zed with such agenpgraged ¢’
al kyl halides, 'such as nethyl, ethyl, propyl, and butyl chloride, brom des

and iodides; dialkyl sulfates |ike dinethyl ’ngi et hyl, 15 di butyl and
di anyl sul fat es, long chain halides such as t© (’:yl llauryl, myristyl and
stearyl chlori des brom des and i odi des aral k haI | des I I ke benzyl and

phenet hyl broni des aREL¥EPERAES Ry e?e‘bY cﬁslt UBP‘e SeE R AL s dduct s

are thereby obtained. 20 nds of this

i nvention can be per?SHY%%?cf?/c%r% ?Fé?’ed @Cgﬁo% ?’g'g?o%nzg'ergm ng

fjreat ment for neurol ogi cal, :S’Jé%rdﬁgglﬁaé%nm Eﬁésowwézn WB'::QQ:LLAS
esirable to stinulate neuronal neration and growth, such as I n various

peripheral 25  neprgpathhe apd negr&besd caindi gor deesatel %hE_Bgsﬁ.@ory
neur odegener ati on. The conpounds of this invention can al so be

adm ni stered tg mamMBbsmaldeiornt hasebumahsve) or in a suitable enema
‘ formulation. }

Dosage levels on the order of about 0.1lmg to

about 19,000mg of the active irgredient compound are

useful in the treatment of the above conditions, with

10 preferred levels of about 0.lmg to about 2000 mg. The
amount of active ingredient that wmay be combined with
the carrier materials to produce a single dosage form
will vary depending upon the host treated and the
particular mode of administration.

15 It is understood, however, that a specific dose
level for any particular patient will depend upon a
variety of factors including the activity of the
specific compound employed, the age, body weight,
general health, sex, diet, time of administration,

20 rate of excretion, drug combination, and the severity

- of the particular disease being treated and form of
administratioh.

The compounds can be administered with other

neurotrophic agents such as neurotrophic growth factor

25 (NGF), glial derived growth factor, brain derived
growth factor, ciliary neurotrophic factor, and
neurotropin-3. The dosage level of other neurotrophic

drugs will depend upcn the factors previously stated
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for

treatnment of various manmal i an neurol ogi cal disorders. The novel conpounds

of the present invention are potent inhibitors of.rotanase activity and

possess an Svoosmsszecel | ent degree of neurotrophic acti viecymwsosit7shi S
in the stimulation of danaged neurons, the pronotion of
ion, the preventjon of neyg.odegeneration, the stinulation
of growth of damaged peripheral nerves, the stinulation 10 of growth of

damaged neurons inakhhe ﬁﬁénaheﬁ%@'roélbﬁ std frdativeihedls Ot Rnaf BR{gr
nerves, and in the treatnent of several neurological disorders known™to be

activity is useful
neuronal regenerat

associated wth
neur ol ogi cal di sor

limted to: trigem nal neuralgia,M

nyast heni a gravis,
progressi ve bul bar

5

10

15

20

25

combinaaiondegenerati on and peripheral neuropathies.

ders 15 t hat may be treated i ncl ude but are not

muscul ar ﬁﬁtrophy, %rqgre55|ve nmuscul ar atrophy,
i nhelVeFey FrSenpirn atlaphiedndmni Ghisk P%ﬁ%ﬁ%e&°eF

Ganglia by Cyclophilin Ligands

In the present study we have employeé explants of
chick dorsal root ganglia in order to demonstrate the
powerful neurotrophic effects c¢cf the cyclophilin
binding compounds. The maximal increase in the number
of processes, their length and branching is quite
similar at maximally effective contractions of the
cyclophilin ligands and of NGF (100 ng/ml). With
progressively increasing concertrations of the various
drugs, one observes a larger number of processes, more
extensive branching and a greater length of individual
processes.

We evaluated the potencies of drugs in binding to
cyclophilin A by examining inhibition of peptidyl
prolyl-isomerase activity ({Table 1). Thexe 1is a
striking parallel between their potencies in
stimulating neurite outgrowth ancd inhibiting rotamase
activity.

The very close correlation between the potencies
of drugs in binding to immunophilins, inhibiting their
rotamase activity and stimulating neurite oucgrowth
implies that inhibition of rotamase activity is
responsible for neurotrophic effects of the drugs.

The extraordinarily high potency of the drugs in

The

algia, Bell's Pal sy,



20 prol apsed I nvertabrae disk syndrones,

neur opat hi c such as those caused by | ead, dapsone,
@ul l ai n-Barre syndrone, Al zheiner's disease,.igad 25
di sease. For these purposes the conpounds of the pr

cervical spondyl osis,
pl exus di songenwss2s t horaci c outl et destruction syndrones, poepussngszl

ticks,

esent

por phyria, or
Par ki nson' s
I nvention may be

adni ni stered orally, sn%m@tt%%l ! ﬁeuwténh@ha&wﬁthsp&zﬁ% in ' @3h@hhY o

rectally, nasally,

PCT/ US96/ 17677 - 14- @a@ﬂﬂmvagalwé | ytormodta anlik@lynteder essf VOthet N

dosage fornul ati ons contai ni ng conventi onal non-tox

I C

phar maceuti cal | y- acospdgeyl eocnddr recsuntidforahhs aedreaetvpiies .efHeetiser m

parenteral as used herein includes 5 subcut aneous, i ntravenous,
i ntramuscul ar, intraperi thPyOfimer aﬁmnﬁ}nﬁrm Paverey iafulthel grugs
I ntrasternal and |ntracr E |nJect|o q£u5|o

and t ose corre tlon etween rotamase inhibition

and neurotrophic actions, we conclude that rotamase

irhibition of cyclophilin is

neurotrophic effects.

likely inveclved :In

The neurotrophic actions of the drugs studied

10

15

20

25

here are exerted at extremely 1low concentrations
indicating potencies comparable to those of
neurotrophic proteins such as brain derived growth
factor, neurotropin-3 and neurotrophic growth factor.

The following examples are illustrative of
preferred embodiments of the invention and are not to
be construed as limiting the invention thereto. All
polymer molecular weights are mean average molecular
weights. BAll percentages are based on the percent by
weight of the final delivery system or formulation

prepared unless otherwise indicated and all totals

equal 100% by weight.

Illustrative cyclophilin inhibitor compounds
which can be used for the purposes of this inventicn
inclu&e, but are not limited to, the following.

Cyclosproins of general structural Formula I,

comprising cyclic peptides which contain 11 amino

—-— acids:



techni ques. To be effective therapeutically as central 10 nervous
systemtargets the i munophilin-drug conplex should readily penetrate the

bl ood-brain barrier when peripherally adm nistered. Conmpounds  of
thi s i nvenwsvnghisch cannot penetrate the bl ood-brai n bar prpiisdsAdsRe
effectively adm nistered by an 15 intraventricular route. The

phar maceuti cal conpositions nmay be in the formof a sterile injectable
preparation, for exanple as a sterile |njé¥%able aqueous or ol eagi nous
suspensi on. This suspension be fornulated 20 according to
techni ques know in the art u5|ng U|table di spersing or wetting agents and
suspendi ng agents. The sterile H? pyieRar Bbi on gay al so be a sterile
i nj ectabl e solution or suspensipn in a non- toxi C parepteral |l y-acceptabl e
di l uent or solvent, for 25 anple as a solution ih 1, 3-butanedi ol .
Anong the acceptabl e vehicles sol vents that nmay bef enpl oyed are water,
Ri nger's solution and isotoniclsodiunlchloride solutign. In addition,
sterile, fixed oils

5 A8— g7——p6— g5 _g4

Formula I
More  Particularly, naturally occurring
cyclesporins have the general structure shown in

10 Formula II and embodied in the present invention:

10 11 1 2 3
MeUm~——~hhﬂ%l—-—thg-—-A-——-!ﬁr

8 Meteu
15 ' I
(D)Ale — Als Metey — Va — Melev 4
8 7 8 5

Formula II
wherein "MeC,"” represents the so-called "C9-amino
20 acid" residue of Formula III (also known as "MeBmt®

= (4R)-4-[(E})-2-butenyl] -4-methyl-L-threonine) :



WD 97/ 18828 PCT/ US96/ 17677 -15- are
conventi onal | wewphssyed as a sol vent or suspendi ng nedi um F@ECTS9&1788T pose
any bland fixed oil may be enployed including synthetic nono- or
di gl ycerides. Fatty acids such as oleic acid gd its glyceride 5

n

derivatives find wuse in t he pr epar atT of injectables, olive
oil or castor oil, especially in their polyoxyethyl ated versions. These oi
sol utions or suspensions nmay al so contain a |ong-chain al cohol diluent or
di spersant. 10 The conpounds may be administered orally in the
formof capsules or tablets, for exanple, or g an aqueous suspension or
sol ution. In the case of tablets for oral usd, carriers which are

comonl y used include |actose and corn starch¥ Lubricating agents, 15

such as magnesi um stearate, are also typically added. For oral

adm nistration in a capsule form useful oH
5 : Ha i3
N3 .cH
- ?Hz. ‘CH,
—N—CH -~
-
CHS
10 Formula IIIX

in which positions 2, 3, and 4 have the
configurations S, R and R; respectively, -X-¥- is -
CH=CH- (tramns;
15 where

Me = methyl

Abu = a-amincbutyric acid

Val = valine

norVal = norvaline

20 Ala = alanine

]

MeLeu N-methyl-leucine

MeVal N-meth}l-valine
Sar = sarcosine
[3-DesoxyMeBmt] = MeBm: wherein the oxygen at

25 position 3 is removed.



di luents include | actose and dried corn starch. When aqueous suspensi ons
are required for oral use, the active ingredient is conbined with
enul si fying and 20 suspendi ng agents. | f desired, certain sweetening
and/ or fl aveoisigssasd/ or col ori ng agents nmay be added. The muaviseenmds? of this
I nvention may al so be adm nistered in the formof suppositories for rectal
adm ni stration of the drug. These_conposit{2ons can be 25 prepared by

m xing the drug with a suitable non- irritating excipient which is

solid at roomtenperdiliesshupekiqiied, athe entialo tarrigiecohdl guandidher ef ore
will nmelt in the rectumto rel ease the drug. WD 97/ 18828

PCT/ US96/ 17677 -16isSuch materials include cocoa butter, beeswax and

pol yet hyl ene gl ycol s, The conpounds of this invention may al so be

adm ni stered optic%ﬁ¢y% I&pecially when the conditions

for cyclosporin A, -Abu-;
5 for cyclosperin B, -Ala-;
for cyclosporin C, -Thr-;
for cyclospoxin D, -Val-; and
for cyclosperin G, -norval-,
all of which are incorporated herein by reference.
10 Additional known naturally ocurring cyclosporins are
related to cyclosporin A, above, by replacement cf
an amino acid; thus
for cyclosporin E, position 11 is Val;
for cyclosporin F, position 1 is [3-
15 DesoxyMeBmt] ; and
for cyclosporin H, position i1 is {D-MeVall,
all of which are incorporated herein by reference.
In the following discussion, all references to
numbered positions in the cyclosporin type structure
20 are with reference to formula II. As is common in
the field, a specific cyclosporin analog may be
named using the above numbering system, using a
shorthand notation to identify how the cyclosporin
analog differs from cyclosporin A (CsAj. Thus,
25 [Meval]*-CsA denotes the cyclosporin in which MeLeu
in cyclosporin A (Formula II) has been replaced by

MevVal, and so forth.



5 addressed for treatnment involve areas or organs readily

accessi bl e Q%)&%@E@al application, including neurological @$pis@fs70f the

eye, the ski he lower intestinal tract. Suitable topical formulations
are readily prepared for each of these areas. 10 For ophthal mc
use, the conpounds can be formul ated as?3i croni zed suspensions in

i sotonic, pH adjusted sterile saline, or, preferably, as solutions is

i sotoni c, pH adjusted sferfhe case mE tdiet HAhYRFPRYSrOFPORLIR, a Pr¥servati ve
such as benzyl al koni um 15 chloride, _Alterpatively for the ophthalmc
uses the conpoundsfafchButer Fbt aked -G oi r?nthr‘r‘?nt géﬁxﬁragvﬁ%%m&ram For

application topically.t he skjn, the u C be.formul ated in a

sui tabl e oi ntment éo dlﬁ?@ﬁﬂ?&?*ﬁ?ﬁfﬁﬁ?e%ggﬁ%o3§§ ggg%ﬁn%%%V_ © di ssol ved in,
for example, 2 mMXLULG WL SRS AwIENG Bclbeihg! howdi U nakal. of |,

| i quid petrol atum | petrol atum propyl ene gfycol, polyoxyethyl ene

pol yoxypropylsene cQupeHBe; ek Sdyntined ivaxyendspel-ens Ad efdadd vely, 25

t he conpounds can bé fornmulated i'n a suitable |otion
understcod as falling within the spirit and scope of
the invention.
In addition zo these known cyclosporins and

their dihydro derivatives, a number of non-natural

10 cyclosporins have been prepared by syrnthetic means,
either by total synﬁhesis or synthetic modification
of naturally ocurring materials, or by modified
culture techniques. These synthetic and semi-
synthetic cyclosporin analogues and derivatives have

15 been shown to potently inhibit the rotamase activity
of cyclophilin, and are thus to be understood as
specifically falling within the scope and spirit of
the present invention. Such modified cyclosporins
include, but are not in any way limited to, the

20 following:

cyclosporins with modified "C9 amino acids™;

such modified cyclosporins are disclosed by Witzel
(U.S. Patent 4,885,276 and U.S. Patent 4,798,823),
and are incorporated herein by reference;

25 cyclosporins with modified residues at position
8, such as‘[dehydro-Ala]8~CsA and cyclosporins
containing a sulfur-containing amiro acié"éé

position-8, as disclosed by Patchett et al. {(U.S.



or cream containing the active conmpound suspended or dissolved in, for
exanple, a mxture of one or nore of the following: mneral oil, sorbican
nonost ear at e, WD 97/ 18828 .

PCT/ US96/ 1Wea7n1882¥ - pol ysorbate 60, cetyl esters wax, ceteerybssaberohol , 2-
octyl dodecanol , benzyl al cohol and water. Topical application for the

|l ower intestinal tract an be effected in2arectal suppository 5

formul ation (see above) or in a suitable enema formulation. Dosage
| evel s on the ordmtenitsaboa2051ingahd spput, 1900)0Hw i@fcogggrggggve

i ngredi ent conpound are useful in the treatnment of the above conditions,

with 10 pr ef dremedn| byekrefefrenbeut 0. 1ng to about 1000 ny. The anount

of active ingredient that may be conbined with the carrier materials to
produce a singl e dosaG¥<fBERPHARF YRR pehRliFRinpG&Ficdhathobe 8reated and

t he I . .
position is a (D) -acyloxy-a-amino acid residue, as

5 disclosed by Wenger (U.S. Patent 4,764,503) and
incorporated herein by reference;
cyclosporins having an a-hydroxycarboxylic acid
at position-8, as described by Dreyfuss et al. (U.S.
Patent 5,116,816) and incorporated herein by
10 reference;
cyclosporins containing hydroxy-substituted
serine residue at position-8, such as [0-(2-
hydroxyethyl} (D) Ser]®-CsA, are disclosed by Eberle in
U.S. Patent 5,284,826 and incoprporated herein by
15 reference;
cyclosporins containing one or more fluorinated
aminc acids, as for example described by Durette et
al. in U.S. Patent 5,227,467 and incorporated herein
by reference;

20 cyclosporins which contain at the 3-position an
optically active, N-methylated a-amino acid residue
of the (D) configuration, as disclosed by Seebach in
U.S. Patent 4,703,033 and incoprporated herein by
reference;

25 cyclosporins which contain an allyl-Gly residue
in the 2-position and/or a - (D})-Ser residue in the

8-position, as disclosed by Bollinger et al. (U.S.



particul ar node of adm nistration. 15 It is understood, however,
that a specific dose level for any particular patient will gepg n a
variety of ﬁgg?ﬁyﬁgﬁncluding the activity of the specific conpo%ﬁg%BQ
enpl oyed, the age, body weight, general health, sex, diet, tinme of

adm ni stration, 20 rate of excretion, d2%g conbination, and the
severity of the particul ar di sease being treated and form of

adm ni strati on. Th2atenpoénd&s c396 et minvcsipemtad tileretihebyneur ot r ophi c
agents such as neurotrophic growth factor 25 (NGF), glial derived
grow h factor, braFf-€8€fR¢®d growth factor, ciliary neurotrophic
factor, and neurotropin-3. Jhe,dosage | evel of other neuyrotrophic drugs
wi |l depend upon the fatRoR< 1ﬁ¥ﬂﬂ(ﬁﬂﬂﬁb§ﬂ%§ﬂ¥? cyojesperipggoand

PCT/ US36/ 17677 - 18 apd, Lbe, Moyl PG §f (Gl reness ol be, or uo

5 inhibitory and immunosuppressive activity, it is
also an intention of the present invention to
provide a methed for the use of non-
immunosuppressive cyclosporin analogs as
neurotrophic agents. Such non-immunosuppressive

10 cyclosporin analogs bind to cyclophilir and inhibit
its rotamase activity, while not eliciting
immunosuppression, and are potént neurotrophic

agents.
The following structural Formula IV is illustrative
15 of such embodiment, and is not meant to be construed

as limiting the scope of the invention in any way:

R10__gt1_ 1 g2 p3

|

.
20

RE— R7— pf— RS —n%

Formula IV
wherein
25 R' is MeBmt or dihydro MeBmt;

R? is Abu or a fluorinated analog thereof;



conbi nation. Methods and Procedures Nerve Extension Elicited in Chick
Dorsal Root 5 Ganglia by Cyclophilin Ligands In the present study we
have enpl oyed explants of chick dorsal root ganglia in order to denonstrate
t he power fwb styesset r ophi ¢ effects of the cycl ophilin bi ndtargussemszunds. The
maxi mal i ncrease in the nunber 10 of processes, their length and
branching is quite simlar at maxjnmally ebgective contractions of the
cyclophilin ligands and of NG- (100 ng/m). Wth progressively increasing
concentrations of thegvajsotisr drpOfeald)e RDSECEYRSrandBddelniyrper of
processes, nore 15 extensi ve branching and a greater |ength of

i ndi vi dual procex$eseocfé eval uated the potencies of drugs in binding to
cyclophilin A by exam ning inhibition of peptidyl prolyl-isonerase

activity (Table 1). R'‘TheraniN-metitylatedsamirpngciparesidie wWigthnveen

their potencies in stinmulating neurite outgrowth and inhibiting rotamase
activity. {C1-C9} straight or branched chain alkyl cr
5 alkenyl group; these straight cr branched alkyl

or alkenyl groups may be substituted by
cycloalkyl (C3-C8); R, may also be {(C3-C8}
cycloalkyl or (CS5-C7) cycloalkenyl; the above
alkyl, alkenyl, cycloalkyl or cycloalkenyl
10 groups may be substituted with {Cl-C4) alkyl or
{C1-C4) alkenyl, or hydroxy;
R’ and R are independently Meleu or a
fluorinated analog thereof;
R* is Val or a fluorinated analog thereof;
15 ' R® is MeAla, MeAbu, or a fluorinated analog
thereof;
R’ is Ala or a fluorinated derivative thereof;
R® is
(a) D-Ala or a fluorinated analog thereof;
20 or
(b} O-acyl-D-Ser or O-acyl-D-Thr wherein
the acyl group is defined as R!? -CO- where RY

represents hydrogen, C,alkyl, phenyl or substituted

G
X2

phenyl of formula V:
25



The very close correlation between the potencies of drugs in binding to

i munophilins, inhibiting their 25 rotamase activity anGcghisosiss N9
neurite outgﬁ%ﬂfﬂﬂ?ﬁ%lies.that i nhibition of rotanmase activity Is
responsi bl e for neurotrophic effects of the qrugs. The extraordinarily high
pot ency of the drugs in WD 97/ 18828 e

PCT/ US96/ 17677 -19- stinulating neurite outgrowh and in binding to

cycl ophilin nakes it nost unl"frlk?ézley?'nt I’fata‘é‘ﬁy’g{)l"ﬂgfepﬁﬁgﬁ’%?l¥oﬂ'% account for
t he neurotrophic effects. Bec%ﬁs%:oglkhf_extraordinary pot ency of the drugs
5 and the close correl ati pétsweenf ot amase i nhi bition and
neurotrophic actions, we concldide t hakapgd-amase inhibition of cyclophilin
is likely involved in neurotrg%hiéﬁegfgc§g. The neurotrophic actions of the
drugs studied 10 here are@oxem,ed; at extremely | ow concentrations

5 (d) halo;
(e} Ci.salkoxy;

(£f) -NH,;
(g} -NO,;
(h} -COOH;
10 {i) -COOC. (alkyl; or
(3} -H;.

Particularly preferred are cyclosporin analogs
wherein '
15 R! is MeBmt or dihydro MeBmt;
R? is abu;
R? ig Sar or D-Medla;
RY! is Melieu, MeVal, Me homc-Ala, or [Me-(a-
methyl) Thr]} ;
20 R® and R are independently MeLeu or a
‘Eluorinated analog thereof;
R® is Val or a fluorinated analog thereof;
R® is MeAla, MeAbu, or a fluorinated analog
thereof;
25 R? is Ala;
R? is D-Ala; and
R¥? is MeVal or a fluorinated analog

thereof.



I ndi cating pot enci es conpar abl e to t hose of neurotrophic proteins
such as brain derived growh factor, neurotropin-3 and neurotrophic growth
factor. The followi ng exanples are illustrative of 15 preferred

enbodi nent sWs¥9%1888i nventi on and are not to be construed arci/uswsnifary t he

i nvention thereto. Al polynmer nolecul ar weights are nmean average nol ecul ar
wei ghts. Al percentages are based on the-28rcent by weight of the final
delivery systemor formulation 20 prepared unl ess otherw se indicated
and all totals equal 18D&dinatsdnalligsusepaesert cyitd aatiidd Rcighi bi tor
conpounds whi ch can be used for the purposes of this invention include, but
are not |inited t&esifuesovhexgiy.ongsor more of Gyke ogprigiuss E gener al

structural Fornul | .. conpr.i sing, cycli,c peptides which contain 11 am no
aci ds- VO 97/1§g§§s 1£pihe sf%e)é in grg replaced with C-F bonds.

PCT/ US96/ 17677 For example, fluorinated analog of Abu represents

5 —NH——CH——CO—

Xy——C—X

|

Xy—C—X;
%
10 wherein X, to X; independently are H or F with the
proviso that at least one of X,, X., X,, X,, and X, is
F.
Known derivatives and analogs of cyclosporins,
which are known to be potent inhibitors of
15 immunophilin rotamase activity and lack
immunosuppressant effects include modified 6-
position analogs, described by Dumont et al. {C.s.
Patenz 4,914,188} and Durette (U.S. Patent
5,236,899) and incorporated herein by reference.
20 Other known non-immunosuppressive cyclosporin
analogs include N-alkylated [Vall® derivatives, such
as [MeVall®-CsA, disclosed by Fliri et al. {Annal,

N.¥Y. Acad. Sci 696, 47, 1993), and incorporated

herein by reference, and other derivatives with
25 various side chain on the 4-position residue, as

described by Papageorgiou et al. (BioMed. Chem.

Lett. 1994, 2, 267-272)and incorporated herein by

reference.



-20- [err] 5 Fornula | Mre Particul arly, naturally occurring
cycl osporins have the general structure shown in 10 Formula Il and
enbodi ed in tOBVBEBt invention: [err] wherein "MeClerr]" FESMSMUIEE t he
so-called "C9-am no 20 acid" residue of Fornmula Ill (al so known as
"MeBnt" = (4R)-4- [(E)-2-butenyl]-4-nethyl-L2phreonine): WD 97/ 18828
PCT/ US96/ 17677 -21- [err] 5 in which positions 2, 3, and 4 have the
configurations S, R and R, respectively, -X-Y- is - CH=CH (trans;
K; Test Procedure
Inhibition of the peptidyl-prolyl isomerase
{rotamase) activity of cyclophilin by the inventive
5 compounds can be evaluated by known methods
described in the literature {(Harrison and Stein,
Biochemistry, 1890, 29, 3813-3816). These values arxe
obtained as apparent K,’s and are presented for some
of Exampies 1-30 in Table I; The cis-trans

10 isomerization of an alanine-proline boad in a model
substrate, N-succinyl-Ala-Ala-Pro-Phe-p-
nitrocanilide, is monitored spectrophotometrically in
a . chymctrypsin-coupled assay, which releases para-
nitroanilide from the trans form of the substrate.

15 The inhibition of this reaction caused by the
addition of different concentrations of inhibitor is
determined, and the data is analyzed as a change in
first-order rate constaat as a function of inhibitor
concentration to yield the apparent K; values. The

20 absorbance at 390 nm versus time is monitored fer 90
' sec using a spectrophotometer and the rate constants
are determined from the absorbance versus time data
files.

The data for these experiments is

25 presented in Table I.



15 ~where Me met hyl Abu = a-am nobutyric acid Val = valine norVal =
norval i ne 20 Ala = al anine MeLeu = N-nethyl -1 euci ne MeVal =
N-net hyl -valine Sar = sarcosine [3-DesoxyMeBnt] = .MeBnt wherein the oxygen
at 25 g3 1S renoved. WO 97/ 18828 PCT/US96/17677
PCT/ US96/ 17677 -22- Unless specified, the amno acid configurationis L;
and Ais, for cyclosporin A -Abu-; 5 30- for cyclosporin B, -Ala-;
TABLE I
Example Cyclosporin Ki, cyclophilin
inhibition
5
1 CsA 20 nM
2 dihydro-Csa 100 nM
3 [dehydro-Alal®-CsA 75 nM
10 4 [Mevall*-Csa 10 nM
' 5 [Me -homoAla) *-CsA 24 nM
6 {Me- {a-methyl) Thr]*-CsA 18 nM

15

20

25

30

35

Chick Dorsal Root Ganglion

Cultures and Neurite Qutgrowth
Dorsal root ganglia were dissected from chick

embryos of ten day gestation. Whole ganglion
explants were cultured on thin layer Matrigel-coated
12 well plates with Liebovitz L15 plus high glucose
media supplemented with 2mM glutamine and 10% fetal
calf serum, and also containing 10 gM cytosine $-D
arabinofuranoside (Ara C) at 37°C in an environment
containing 5% CO,. Twenty-four hours later, the DRGs
were treated with various concentrations of
cyclosporin drugs. Forty-eight hours after drug
treatment, the ganglia were visualized under phase
contrast or Hoffman Modulation contrast with a Zeiss
Bxiovert inverted microscope. Photomicrographs of
the explants were made, and neurite outgrowth was
quantitated. Neurites longer than the DRG diameter
were counted as positive, with total number of
neurites quantitated per each experimental
condition. Three to four DRGs are cultured per

well, and each :treatment was performed in duplicate.



for cyclosporin C, -Thr-; for cyclosporin D, -Val-; and for cyclosporin G
-norVal -, all of ich are incorporated herein by referencecrifdoszerr

Addi tional Yo S#Et urally ocurring cyclosporins are related to cyclosporin
A, above, by replacenent of an am no aci d;_tlhus for cyclosporin E, position
11 is Val; for cyclosporin F, position 1 |9 [3- 15 DesoxyI\/EBm] and

for cycl H, 11 D:- MeVi L1 of h t ed
herelﬁ b;sfg; Iepenceposl;'ﬂ'{engaft& :fS(WY{ ﬁgeﬁrgs%g??b‘ﬂegﬁ?Ialféf%?ereﬁeﬁf'lé:g'c gt e

nunber ed positions,i cl Qrin Lypg.st u

reference to formiqafq 3515%05"% nt%’np?ﬁé ? T%da?% (glbaé%%ﬁ cyéel osporin
anal og may be namagh USidlg /e AHOKS UTDekNGoSKS hEMmigh o ShalHenand
notation to identify® how t He cycl osporin anal gg differs fromcyclosporin A

(CsA). Thus, 25 pajliveMalddspionseCoAsdenotesedhewsy coipspindd fxomhi ch MeLeu
in cyclosporin A (Fornmula I1) has been replaced by

5 dose-response curves {Fig. 1 is a typical example)
and calculated to be 590 nM. The relative potencies
of the other compounds in Table II are given
relative to cyclosporin A, the number of “+” marks

denoting the relative potency.

10
Table II
‘Neurite Outgrowth in Chick DRG
I — ]
Example Neurotrophic
Potency
15 1 o+t
2 +
3 +
-
l 4 +++
1l
II S ++4
20 6 +4++




MeVal , and so forth. WD 97/ 18828
PCT/ US96/ 17677 -23- In the case of the dihydrocyclosporins, -X-Y- of
formula I'll is -CH err]-CHerr]-. Thus, dihydrocyclosporin A,

di hydrocycl ogpQrhsizs and all other dihydro anal ogues of natpepiisyne@gurring
as well as sem- 5 synthetic and synthetic cyclosporins are to be

understood as falling within the spirit and Scope of the invention. In
addition to these known cycl osporins and t AT di hydro derivatives, a

nunber of non-natural 10 cycl osporins have be repared by synthetic
means, either by total E%t%’}/% ‘%‘Pas %%d?'g?ga‘f TRPSRdh i |y

ocurring materi al s,_Fggb r%ﬂfgégl ec’df Césyéalt]gfqﬁ}elr%%\?g; gﬂﬁﬁm%;_@eas?‘i%ﬁ)(ﬂ;‘e“ c and

sem - synthetic cy@ anal ogue i'VES have ‘been

shown to potently [abifii {RG.SS ALY il Yon- inmunosuppressive,
are capable of promoting neurite outgrowth in
5 cultured neurons, and are capable of achieving
maximal effects comparable to nerve growth factor
itself.
The invention being thus described, it will be
obvious that the same may be varied in many ways.
10 Such variétions are not to be regarded as a
departure from the spirit and scope of the invertion
and all such modifications are intended to be

included within the scope of the following claims.



of cyclophilin, and are t od as specifically falling
within the scope and spi r"mulmuﬁnlu"ﬂtamrl nvention. Such nodified

cycl osporins M@Y(888 but dretnot ih any*way linited to, thePSHUSINTET?
foll owi ng: cyclosporins with nodified "C9 ani no acids"; such nodified
cycl osporins are disclosed by Wtzel (U.S. F}-ent 4,885,276 and U.S. Patent
4,798,823), and are incorporated herein by reference; 25

cycl osporins with nbHAT 8§ FeBIMERSISt position 8, such as

[ dehydro- Al a] 8- CsA and_cycl osporins containing a sul fur-containing am no
aci d at position-8, tasAdMeEredetf NyF Paidife® neuralogical activig7m 8828
PCT/ US96/ 17677 -24- Patents 5,12%5511 and 5,214, 130) and i ncor porat ed
her ei n by reference?nc?8F8§b0r$?ﬁ5%ﬂﬁﬁqg’n the amno acid at the 8-

administering to an animal an effective amount
5 of an immunosuppressive cyclosporin represented by

formula I:

R10__ gl1_gt— g28—~a°

|

=X
10 !
58— g7/ —— gB— rS — R4
I
and pharmaceutically acceptable salts thereof
15 whexein
R* is MeBmt or {3-DesoxyMeBmt] or represented by
formula ITI: ?Ha
X
|
Y
\?Ha
20 HO 3 .cH
?Hd TH,
.2
CH,
II1
wherein positions 2, 3, and 4 have the
25 configurations S, R and R, respectively;
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position is a (D)-acyl oﬁm mmmujm”ﬂlllem due, as 5 di scl osed by
Wenger (U.S. Patent 4, 763% ! eAniihCe porated herein by reference;

cycl osporins having an a-hydroxycarboxylic acid at, position-8, as described
by Dreyfuss wiosahss26U. S. Patent 5,116,816) and incorporat epicsSiimey 10
ref erence; cycl osporins containing hydroxy-substituted serine re5|3ue at
position-8, such as [O (2- hydroxyethyl) (Qbﬁgr][err]-CSA, are di scl osed by
Eberle in U S. Patent 5,284,826 and incoprporated herein by 15

reference; cycl osporins alni_RdoNg 0L e #) rin%%gg anj no_aci ds, as
for exanple described by Durette et al. FﬁﬂgéEfé gﬁ%ﬁi u %7?hﬁﬁddﬁﬂ
I ncor por at ed hermlgtgﬁdfmﬁm@ﬁgg; 20 cycl osporins which contain at
the 3-position an optically active, N-nmethylated a-am no acid residue of
the (D) configuration, atetiei®l:osed by Seebach in U S. Patent 4,703,033 and
I ncopr porated herein by reference;
R? is independently selected from the group
5 consisting of Abu, Ala, Thr, Vval, and norval;
R?® is Sar;
R' is MeLeu;
R® is Vval;
R® is MeLeu;
10 R* is Ala;
R® is D-Ala;
R’ is MeLeu;
R* is MeLeu; and,
R? is Val or ([D-Mevall.
15 2. The method of claim 1 wherein R® is [3-
DesoxyMeBmt] for cyclosporin F.

3. The method of claim 1 wherein R? is Abu for

cyclosporin A.

4. The method of claim 1 wherein R?® is Ala for
20 cyclosporin B.
5. The method of claim 1 wherein R? is Thr for

cyclosporin C.
6. The method of claim 1 wherein R? is Val for
cyclosporin D.
25 7. The methed of claim 1 wherein R® is norVal for
cyclosporin G.
8. The method of claim 1 wherein R™ is Val for

cyclosporin E.
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25 cycl OSDOV"II“"M“'““M““ML an allyl-Ay residue in the

2-position gybgé,,%% -(*D) *Set r®sidu€ in the 8-position, as,,g.b%g;&s,g,q by

Bol I i nger e S. . WD 97/18828
PCT/ US96/ 17677 -25- Patent 4, 384,996) and _i cor porated herein by reference.
In addition to the above cycl osporins and %}cl osporin anal ogs whi ch possess

cyclophilin 5 | nhi pi tor nd | nasuppressive agtivity, it is also an
i ntention of the pdr‘ese& & %Eﬁ?‘?o %%91 dE X St Fod "F‘or[%t'ﬁévﬁii of non-
I mmunosuppr essi ve cycl %ggogw%yg%?;&g%g s neurotrophic agents. Such

non- i mmunosuppr essi ve T _ ren anal ogs bind to cyclophilin and
inhibit its rotamase aghbVikYhodhdd &1i0ln @ nbedent LYBLBESYPPE &5 Q. and

are potent neurotrophic agents.
modified "C9 amino acid® at position R:.
5 11. The method of claim 10 whexein the modified “C9
amino acid" at position R} is fluorinated MeBmt.

12. The method of claim 1 wherein R? is an allyl-Gly
residue.

13. The method of claim 1 wherein R? is an allyl-Gly

10 residue and wherein R? is a (D)-Ser residue.

14. The method of claim 1 wherein R’ is an optically
active, N-methylated ao-amino acid resgidue of
the (D)} configuration.

15. The method of claim 1 wherein cyclosporin has a

15 modified amino acid at position RE.

16. The method of claim 15 wherein R® is dehydro-Ala
or O-({2-hydroxyethyl) (L) Ser.

17. The method of claim 15 wherein R! is a (D)-Ser
residue.

20 18. The method of claim 15 wherein R' is a modified
sulfur-containing amino acid.

19. The method of claim 15 wherein R®! is a (D)-
acyloxy-a-amino acid residue.

20. The method of claim 15 wherein R* is an a-

25 hydroxycarboxylic acid.
21. The method of claim 15 wherein R! is a hydroxy-

substituted serine residue.
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The follow ng struct uralmg | lustrative 15 of such
enbodi nent, and is not m wne M)ﬁﬂgrued as limting the scope of the
i nvention in any way: [efr]¢20 .Rerr] is MeBnt or

di hydro MeBrwooRjsses | is Abu or a fluorinated anal og. t her e®cruses €7
97/ 18828 _ PCT/ US96/ 17677 -26- R3 is

Sar, D-MeAla, or a fluorinated analog therexwt; Rerr] is an N nethyl ated
amno acid residue with a (Cl1-C9) straight or branched chain al kyl or 5

al kenyl group; these.stThé ghdtlnd Wfardaed al kikroin alkeanylomQupaigay be
substituted by cycloal kyl (C3-C8); R err] may al so be (C3-C8) cycloal kyl or
(C5-C7) cycloal kenyl ; the Ebavelouble bond in a trans configuratiocn.

23. The method of claim 1, wherein the neurclogical
activity is stimulation of damaged neurons.

5 24. The method of claim 1, wherein the neurclogical
activity is stimulation 6f growth of damaged
peripheral nerves. |

25. The method of claim 1, wherein the neurological
activity is stimulation of growth of damaged

10 neurons in the spinal cord.

26. The method of claim 1, wherein the neurological
activity is stimulation of growth of motor
neurons.

27. The method of cliaim 1, wherein the neurclogical

15 activity is promotion of neuronal degeneration.

28. The method of claim 1, wherein the neurclogical
activity is prevention of neurodegeneratior.

29. The method of claim 1, wherein the neuroleogical
activity is treatment of neurological

20 disorders.

30. The method of claim 29, wherein the
neurological disorder is peripheral
neuropathies caused by physical injury or
disease state.

25 31. The method of claim 29, whexein the
neurological disorder is physical damage to the

brain.

R U
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al kyl , al kenyl , cyclo H l groups may be
substituted wit h a“ﬂ I"ﬂﬂmﬂﬂ lrﬁulﬁd) al kenyl or hydr(r)Pé%_ R&f” a
Rlerr] are Vﬁﬁg enth eLéu br % 1 uorinated analog t he FH”

Val or a quorinated anal og t hereof; 15 Rlerr] is MAl a, I\/EAbu

a fluorinated anal og thereof;

t her eof ;

O acyl -D Ser or O3Zcyl TRETRELRAG 8F nC+RER 234

Rlerr] is (a) DDAla or _.a fluorinated ghajog thereof 20

R[err] is Ad7or a fluorinated derivative

or

nd

SR SHfefi ned as Rlerr]

OI’

(b)

-CO wh ts h
g¥efg$ﬁL[L LFp;ese” i?g¥cafgglso§é§%rl H¥y51é§¥”3émage %ub%kltuted

phenyl

This Sheet Has Been I‘qilaced .

splnal cord.
33. The method of claim 29, wherein the
S neurological disorder is stroke associated with
brazin damage.

34. The method of claim 29, wherein the
neurological disorder relates to
neurodegeneration.

10 35. The method of claim 29, wherein the
neurological disorder is Alzheimer’s Disease.

36. The method of claim 29, wherein the
neurological disorder is Parkinson’s Disease.

37. The method of claim 1 further including a

15 nesurotrophic factor in amounts sufficient to
treat the neurological activity.
38. The method of claim 37 wherein the neurotrophic
factor is selected from the group consisting of
. nerve growth factor, glial derived growth
207 ‘factor, brain derived growth factor, ciliary
neurotrophic factor, and neurotropin-3

39. A method of treating a neurological activity in
an animal, comprising:
administering to an animal an effective amount

25 of a non-immunosuppressive cyclosporin of formulia

Iv:
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\/\V\Ee?g ﬁ&)g([zgrr] and X err] l”"‘ WJMHWIMH (a) qgﬂifﬁ?f 17%)7 =

Jerr]al kanoyl; (c) CHerr]®&H 51 w "5 "% (d) halo; (e) Cerr]al koxy;
(f) -NH errwogmgsszsN err]; (h) -COOH 10 (1 pcrruss6nrerr
-CoOC[err]alkyl; or (j) -H, . Particularly preferred are cycl osporin anal ogs
wherein 15 Rlerr] is.MeBmt og8di hydro MeBnt; R[err] is Abu;

Rlerr] is Sar or D MeAl a; R[err] is MeLeu, MeVal, Me hono-Ala, or [M-(a-

met hyl ) Thr); 20 RS ] Féﬁq_Pher_L]. 2o impfependent |y MelLeu or
¢ |
aS
r8— r’7 af— g5 —ng%
5 Formula IV

wherein:
R' is MeBmt or dihydro MeBmt or represented by

formula III:

10 |

[
HU\S CH
CH 4 tH
i  §
| g o=
CH::

‘NQ‘

15 Formula III
wherein positions 2, 3, and 4 have the
configurations S, R and R, respectively;
wherein -X-Y- is connected by a double bond or
a single bond; |
20 wherein:
R* is Abu or a fluorinated analog thereof;
R’ is Sar, D-MeaAla, or a fluorinated analog
thereof;
R' is an N-methylated amino acid residue with a
25 (C1-C9} straight or branched chain alkyl or
alkenyl group; these straight or branched alkyl
or alkenyl groups may be substituted by

_cycloalkyl {C3-C8); R, may also be (C3-C8)}
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fl uori nat ed mllm"mmﬂéﬂﬂ””merr] is Val or a fluorinated anal og

t her eof r Me fluorinated analog t :

Rl err] ISRk?é; g’rr] i's bAta"aid Rlerr] is Meval or a fl{lﬁg’@%’atéﬁ anal og
t her eof . WD 97/ 18828

PCT/ US96/ 17677 -28- Fluorinated anal ogs re%)?‘esent the am no acid residues
wherein one or nore of the various CH bonds in the side chain are replaced

with CF bonds. For exs¥plealkyloey n(a{%%rﬁ7dnaqy(§é°éflxmmlrevph@sm@5
[err] 10 wher ei n X%ﬁ%%toéer dently ar I—# Fwth the
provi so that at |east Y bf X-ePF] CYS’(f%? kemghd Xerr] is
P groups may be substlt:uteu with (C1-C4)} alkyl or
{C1-C4) alkenyl, or hydroxy;
5 R® is Val or a fluorinated analog thereof;
R® is MeAla, Medbu, or a fluorinated analog

thereof;

R? is Ala or a fluorinated der:vative therecf;

R is
10 {(a} D-Ala or a fluorinated analog therecf;
or
(b) O-acyl-2-Ser or O-acyl-D-Thr wherein
the acyl group is defined as R¥ -CO- where
R*? represents hydrdgen, C,.salkyl, phenyl
15 or substituted phenyl of formula V:
S &
20
Formula V
wherein X* and X? independently are
(a) C,..alkyl:;
(b} C,.¢alkanoyl;
25 {c) CH,OH;

{d) halo;
(e) C,.alkoxy:
( f ) ‘NHz ;

w00 FEES



Known derivatives and porins, which are known to be potent
I nhi bitors of 15 ﬁ "j Uﬂ se activity and | ack
|nnunosuppressant effe ied 6- position anal ogs, described

by Duront e¥OJI18828) S Ppatent 4, 914,188) and Durette (U.S. PEHUSNI7677

5, 236, 899) and |ncorporated hereln by reference. 20 O her known

non- i mmunosuppr essi ve cycl osporin .anal ogs-4tAcl ude N-al kyl ated [Val ][err]
derivatives, such as [MeVal][err]-CsA, disclosed by Fliri et al. (Annal

N. Y. Acad. Sci 696, 47, 1993}, -¥d;i ncorporated herein by reference, and

ot her derivatives with 25 vari ous side chain on the 4-position residue,
as described by Papageorgi dd)et-CRPH:(Bi oMed. Chem Lett. 1994, 2, 267-272)
and incorporated herein by refer e. 97/18828

PCT/ US96/ 17677 - 29- (13 SCBOE, eyl

(i) -H;
5 R’ and R are independently Meleu or a
flucrinated analog thereof; and,

R*™ is MeVal or a fluorinated analog thereof.

40. The method of claim 39 wherein R is MeLeu,
MeVal, Me homo-Ala, or [Me-{w-methyl)Thr].

10 41. The method of claim 339, wherein the
neurological activity is stimulation of damaged
neurons.

42. The method of claim 39, wherein the

‘neurological activity is stimulation of growth

15 of damaged peripheral nerves.

43. The method of claim 39, wherein the
neurological activity is stimulation of growth
of damaged neurons in the spinal cord.

44. The method of claim 39, wherein the

20 neurological activity is stimulation of growth
of motor neurons.

45. The method of claim 39, wherein the
neurological activity is promotion of neuronal
degeneration.

25 46. The method of claim 39, wherein the
neurological activity is prevention of
neurodegeneration.
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eval uated b own net hods described in the literature (Harrison and Stein,
Bi ochem stry, 1990, 29, 3813-3816). These gal ues are obtained as apparent
Klerr]'s and are presented for sone of Exanples 1-30 in Table |I. The

cis-trans 10 kggneg%gﬂ%w&%@ﬁkgngge-Qﬁg&.%ﬁg ,apepd I n a nodel

substrate, N-succinyl- he-p- nifroaniTtde, 1s nonitored

spectrophotonetri cal | ynbfir-& SRt xRSt ouB! edegSmds i ch rel eases
para- nitroanilide fromthe trans formof the substrate. 15 The

inhibition of this reagbipslspusad dAyokieraddition of different
concentrations of inhibitor is determined, and the data is analyzed as a

change in first-odder Thé¢enetinrst aft cdsim BApcvhereidi thehi bitor
concentration to yield the apparent Klerr] values. The 20 absor bance at
390 nmversfs tine i s newrelndsalodigorder &8iperiphgsddt r ophot oneter and

the rate constants are determ,ned fron1&he absorbaqfe versus tinme data
reuropathies caused by physical injury or

disease state. '

4%. The method of claim 39, wherein the

neurclogical disorder is physical damage tc the
10 brain.

50. The method of claim 39, wherein the
neurological disorder is physical damage to the
spinal cord.

51. The method of claim 39, wherein the

15 neurglogical disordex is stroke associated with
brain damage.

52. The method of claim 39, whereir. the
neurological discrdexr relates to
neurodegeneration.

20 S3. The method of claim 39, wherein the
neurological disorder is Alzheimer's Disease.

54. The method of claim 39, wherein the
neurological disorder is Parkinson’s Disease.

$5. The method of claim 39 further including a

25 neurotrophic factor in amounts sufficient to
treat the neurological actiwvity.

56. The method of claim 55 wherein the neurctrophic

factor is selected from the group consisting of

Wi e
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files. The data for these experinments is 25 presented in Table I.

97/ 18828 mmlrmluilm"llww PCT/ US96/ 17677 -30- TABLE |
Exanpl e O/clo i ophilin inhibition 5 1

CsA WO 97/18828 nM2* ™ di hydr 0- Ce&TUS617677

100 nM 3 [dehydro-AI aj[err]-CsA 75 nM 10 4

[ MeVal |[err]-CsA 10 nM 5 42- [ Me- honpAl a] [err] - CSA
24 nM 6 [ Me- (a-nethyl ) Thr][err]-CsA 18 nM 15 Chi ck Dor sal

Root Ganglion Cul t ur @fexdrd g¥Mitht €aeHb8l O Pal derived growth
- factor, brain derived growth factor, ciliary
neurocrophic factor, and neurotropin-3.
57. The method of claim 39, whereir the cyclosporin
5 is Cyclosporin A.
58. The method of claim 58 wherein R* is selected
from the group consisting of MeVal, Me [homo-

Alal, and Me- (a-methyl) Thr.
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Dorsal root ganglia were dissected fromchick 20 = enbryos of ten day

gestati on. ngl i on explants were cultured on thin |

Matri gel - coaf‘%ggh%ﬁvi\el | plates with L4 éBovitz L15. plus hi g%%@b%‘? medi a
suppl emented with 2mM gl utam ne and 10% fetal calf serum and al so
containing 10 [err] M cytosi ne [ err AMERDE®D CLAIMSar abi nof ur anoside (Ara C) at
37[err] C i n an leensived bgrithec brteanatiiogals Buc@ueen 19. MayndBIZ {0H05.90ur s | ater,
the DRGs were ©riginal clains V=48 seplaseh dynineadediedaims €320 6 peees) ldr ugs.
Forty-ei ght hqurs gf BN, ;g@d}ggia : M suall,zed under
phase 30 c‘dntrgs%g%ng f%ﬁﬁl\?b u%a?%gﬁocont raalsfgﬁmi?ty%siégia?s Axi overt
i nverted m croscopgniddint esmpeigiraphs of the explants were made, and
neurite outgrowth was quantitated. Neurites longer than the DRG di aneter
were counted as poafiministewing $ot3al apdwpkranfeIpctivenpmeynesigaanti tat ed
per each experinental condition. Thr

- to four, | tured I
and each t% eaffPEAt "R HEPFSFAET iwcggﬁnghx?g.r: PeFuFheggyl tured per we

R10 — R11—RI1—R2— R3
f
RO

|

RS R7 RS RS —R4

I e gpeetnap ¢ ke

Formula IV
wnerein;

R} 1g MeBmt or dihydrc MeBmt or represented by

ic formula IXI:

g

bl e

“NCH:
|

HO, ¢
Nt e
— N-—CH—CO—

CHs

Foxmula III
wherein positions 2, 3, and 4 have the
15 cenfiguraticns 8, R and R, respecrively:
wherein -X-¥- is connected by a doubhle bond or a

single beond; el

P
———— s -

S
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WD 97/ 18828 PCT/ US96/ 17677 -31- The
data for these experinents are presented in Table Il. Referring to FIG 1
of the drawings, the ED err] for cyclosporin A the dose at which 50% of
t he maxi malWP&¥PBIe was elicited, was obtained from5  Pclamesrmwsponse
curves (Fig. 1 is a typical exanple) and calculated to be 50 nM The
rel ati ve potencies of the other canpoumds.in Table Il are given relative to
cyclosporin A, the nunber of "+" nmarks denoting the relative potency. 10
Table Il Neurite ®iegedmth in Chi ck DRG Exanpl e
Neur ot r ophi ¢ Potency 2% + 4 20 6
i+ u or a fluorinated analcy ti-ezeof,
R’ ie Sar, D-MeAla, or a fluorinared analog thereof;
R' is an N-methylated amino acid residue with a (Ci-
5 C9) straignt or branched chain alkyl or alkenyl
group; these straight or branched alkyl or alkeny.
groups may be substituted by eycloalkyl (C3-C8); R,
may aiso be (C3-88) cycioalkyl or (05-C7}
cycloalkenyl; the above alkyl, alkenyl, cycloalkyl
10 or cycloalkenyl groups may be substituted with (Ci-
C4) alkyl or {C1-C4) alkenyl, or hydroxy;
R® is Val or a fluorinated analog therecf;
R® iz MeAla, Mehbu, or a fluorinated analog thereof;
R’ is Ala or a fluorinated derivative thereof;
15 Kiis
{a) D-Ala or a fluorinated analog chereof; or
{b) O-acyl-D-Ser or O-acyl-D-Thr wherein the
acyl group is defined as R¥? -CO- where RP

represents hydrogen, C.alkyi, phenyl or

20 substituted phenyl ¢f formula V:

_.(/ X1

Formula V
wherein X! and X? independen=ly are

{a) Csalkyl;
25 {b) Csalkanoyl;
T T T T T T T T T {e) CH 08
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above datqwgg e i nhi bi t orgenisseiaeérophilin's
rotanmase activity, whether i|inmmunosuppressive or non-imrmunosuppressive, are
capabl e of pronoting neurite outgrowmh in 5 cul tured neurons, and are
capabl e of achieving maxi nal effects‘cﬂ%parable to nerve growh factor
itself. The invention %ﬁi 9 t hus described, it will be obvious that the
same nay be varied in! ng ﬁﬁys. 10 Such variations are not to be
regarded as a departurg)f EoEmkBgyspirit and scope of the invention and al
such nodifications are intended to be included within the scope of the
follow ng cl ai ns. {Z) -NHy;

(g) =NOC;;:

{h} -~COOH;

[$1)

{i; ~-CCOC calkyl; or
{3) -K;
R* and ®" are independently Meleu or & flucrinated

analog thereof; and,

10 RY is MeVal or a fluorinated analcg -hereof,
2. The method of claim 1 wherein ®' is Meleu, MeVali, Me

homo-Ala, or [Me- (a-methyl)Thr].
3. The methcd of claim 1, wherein the neurological
activity is scimulation of damaged neurons.

15 4. The method of claim 1, wherein the neurolegical
activity is stimulation of growth of damaged
peripheral nerves.

5, The wmethod of claim i, wherein the neurological
activity is stimulation ¢f growth of damaged neurcns

20 ir the spinal coxd.

6. The wmethod of claim 1, wherein the neurological
" activity is stimnlation of greowth of motor neurons.

7. The method of claim 1, wherein the neurological

activity is promocion of neuronal degeneraticn.

25 8. The method of claim 1, wherein the neurological
activity is prevention of neurodegeneration.

S. The method of claim 1, wherein the neurciogical
activity is creatment of neuroclogicsl diegorders,

[kl - ..
FE T S
et e

R

: Tetn i,
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-33- WHAT IS CLAI MED “ﬂulﬂlmmﬁ”mnm of treating a neurological activity
In an animal, conpris g to an animal an effective anmobunt of
ab non- i mrunosuppr e$si Ve 'cy® o§potin of fornula IV: [err] wherein:
Rlerr] is MNBH/1828 di hydro MeBnt or represented by 10 f orarrbssshirézz [err]
wherein positions 2, 3, and 4 have the 15 configurations S, R and R
respectively; wherein -X-Y- is connectegg by a double bond or a single bond,
wherein: Rerr] is Abu or a fluorinated anal og thereof; Rerr] is Sar,

D-MeAl a, or ai$| uarnenmetHodn?d @Qalief fOftierein the neurclogical
disorder is peripheral neurcpathies caused by
physical injury or disease state.

11. The method of claim 1, wherein the neurclegical

5 disorder is physical damage to the brain.

12. The method of claim 1, wherein the neurological
discrder is physical damage to the spinal corxd.

13. The method of claim 2, wherein the neurologica;
disorder is stroke associated with brain damage.

10 14, The method of claim i, wherein the neurolcgical
discrder relates to neurodegeneration.

15. The method of claim 1, wherein the neurologicai
disorder is Alzheimer’'s Dissase.

16. The method of claim 1, wherein the neurclogical

is disorder is Parkinson’s Disease.

17. The method of claim 1 further including a
neurocrophic factor in amounts sufficient zo treat
the neurcleogical activity.

18. The method of claim 17 wherein the neurctrophic

20  factor is selected from the group ccnsisting of
nexrve growth factoy, glial derived growth facter,
brain derived growth factoer, ciliary neurotrephic
factor, and nheurotropin-3.

19, The method cf claim i, wherein the cyclosporin is

25 Cyclosporin A.

20. The methed of claim 19 wherein R' is selected from

the groupr consisting of Meval, Me({homo-Ala), and Me-

{o-methyl)}Thr.
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Rlerr] is an NNnethylated am no acid residue with a (Cl- 5 C9)

strai ght or br 3¥R9&8828hai n. al kyl or al kenyl group; these straight or
branched al kyl or al kenyl groups may be substituted by cycl oaPkF/USPeDF6a8) ;

Rlerr] may al so be (C3-C8) cycloal kyl or (C5-C7) cycl oal kenyl; the above
al kyl, al kenyl, cycl oal kyl 10 or cycifdal kenyl groups may be
substituted with (Cl- C4) alkyl or (ClL-C4) alkenyl, or hydroxy; Rerr] is
Val or a fluorinated analog thereof; Rerr] is MeAl a, MeAbu, or a
fluorinated anal og thereof; R err] is Ala or a fluorinated derivative
t hereof; 15 Rlerr] is (a) DAla or a fluorinated anal og thereof; or
(b) O acyl-D-Ser or O-acyl-DThr wherein thdtacd group is defined as

20

Rlerr] -CO where Rerr] represents hydroge Cé%rr]alkyl, phenyl or
of formula V: Forrmula V wier&n X err] and X err]

substituted phenyl
i ndependently are (a) (err]al kyl; 25 £ j? (b) derr]al kanoyl ;
| 22
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(c) CHerr]OH ~— err]al koxy; (f) -NHZ; (-’&Tluﬁgrﬁ/:k?b??
(h) -COOH; (i C&mm@mﬁ@wl’jﬁ (j) -H Rerr] and Rerr] are
i ndependent |y MelL p ed anal og t hereof; am gglmw )

is MeVal or a fluorinated anal og thereof. §._ - The neth crai
wherein R err] is MeLeu, MeVal, M horm-Al3, or [Me-([err]-methyl)Thr]. 3.

The net hod of ng | ol Img,{Fﬁ; .he neurol ogical activity is stimnmulation of

damaged neurons. %Jl?s_ zl: eriﬁte't hod of claim1, wherein the neurol ogical

activity is sgi mul at iannls Yeowhld-0f AR YRMG RAGARS12a WM. in an
animal, comprising:

administering to an animal an effective amount of a

5 non-immunosuppressive cyclosporin of formula IV:

R10 R11 R1 R2 R3

|

R9

|

R8 R7 R6 R5 —R4

Formula IV
wherein:

R! is MeBmt or dihydro MeBmt or represented by

10 formula III:

Formula III
wherein positions 2, 3, and 4 have the
15 configurations S, R and R, respectively;
wherein -X-Y- is connected by a double bond of a

single bond;
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The ‘et hod of clal m 1 \/\herel n the neurol ogi cal activity is

stl mul ati o mm llnu ‘ maged neurons 20 W 9%

The, met hodn ?H 4 H wei n the neurol ogi cal acti F‘g g‘t?on of
growth of ndtof neurons. 7. The met hod of, cl ai m 1, V\w he

neur ol ogi cal activity is prormtlon of neur%‘hal degenera Ion. %5 0%.’*@”?%
nmet hod of claim1, g{_éat n.the neurological activity is prevention of

neur odegener ation. 9. TH& nethod of claim 1, wherein the neurol ogi cal

activity is treatrrelgi urqu %gfg.%orq. S Sialo er:%rej& The met hod of

claim1l1, wherein the Aeulo oglrca I'sorder 1s peri neur opat hi es

caused by phys! ca ffﬁ%@(y B- %@3 s’org‘te% f]J_Ja rlmecﬁrgat Qz%.(iog gie%]e@f:}-r ain.

wherein the neurologlc IS p ysSica

12. The method of g gim.}; WRRHELA LY WGHHY WWi%lresidue with a (C1-

5 C9) straight or branched chain alkyl or alkenyl
group; these straight or branched alkyl or alkenyl
groups may be substituted by cycloalkyl (C3-C8}); R,
- may also be (C3-C8) cycloalkyl or (C5-C7)

e cycloalkenyl; the above alkyl, alkenyl, cycloalkyl
10 or cycloalkenyl groups may be substituted with (Cl-
C4) alkyl or (C1-C4) alkenyl, or hydroxy;

R’ is Val or a fluorinated analog thereof;

R’ is MeAla, MeAbu, or a fluorinated analog thereof;
R’ is Ala or a fluorinated derivative thereof;
15 Riig
(a) D-Ala or a fluorinated analog thereof; or
hnat (b} O-acyl-D-Ser or O-acyl-D-Thr wherein the
acyl group is defined as R? -CO- where RZ
represents hydrogen, C slkyl, phenyl or

20 substituted phenyl of formula V:

&
X2

Formula V
wherein X! and X? independently are

(a} Crealkyl;
25 (b} Cpsalkanoyl;

(c) CH,OH;

S i



di sorder is physical danage to the spinal cord. 13. The cl
wher ei iggpl di sorder is stroke associ ated w@ws géa@l)?a"'
10, ]ml] ﬁmimﬁ ﬂmﬂr claim1l, wherein the neurol ogical-disorder relates -

t o- neurndegemer At 1 ®n.» 15. The nethod of _glsai m 1, wherei n the -heurol ogi ca

di sorder is Al zheiner's Di sease. 16. The nethod of cl eredn t
neur ol ogi cal 15 diggondars i s Parkinson's Di seaseimluxe @M“

claim1 further including a neurotrophic factor in anmounts sufficient to
treat the neurol ogical a@hi\dlaik ; The method of claim 17 wherein the
neur ot rophi c 20 factor is selected fromthe group consisting of
nerve growth factor, gli(@) dem,yed growth factor, brain derived growh
factor, ciliary neurotrophic factor, and neurotropin-3. 19. The nethod of
claim1, wherein the cyqgspma,p is 25 Cycl osporin A 20. The

met hod of claim 19 wherein Rerr] is selected fromthe group consisting of
MeVal , Meghono- Al a], andhlye~COOH;

(i) -Co0C,;4alkyl; or

(j) -H;
- R® and R¥® are independently MeLeu or a fluorinated
e analog thereof; and,
10 R!! is MevVal or a fluorinated analog thereof.
2. The method of claim 1 wherein R* is MelLeu, MeVal, Me

homo-Ala, or [Me- (¢-methyl)Thr].
3. The method of claim 1, wherein the neuroclogical
activity is stimulation of damaged neurons.
15 4. The method of claim 1, wherein the neurological
activity is stimulation of growth of damaged
" peripheral nerves.
5. The method of claim 1, wherein the neurological
activity is stimulation of growth of damaged neurons
20 in the spinal coxd.
6. The method of claim 1, wherein the neurological
activity is stimulation of growth of motor neurons.
7. The method of claim 1, wherein the neurological
activity is promotion of neuronal degeneration.
25 8. The method of claim 1, wherein the neurol&gical
activity is prevention of neurcdegeneration.
9. The wmethod of claim 1, wherein the neurclogical

activity is treatment of neurological disorders.
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The method of claim 1, wherein the neurological
disorder is peripheral neuropathies caused by
physical injury or disease state.

The method of claim 1, wherein the neurological
disorder is physical damage to the brain.

The method of claim 1, wherein the neuroclogical
disorder is physical damage to the spinal cord.
The method of claim 1, wherein the neurological
disorder is stroke associated with brain damage.
The method of claim 1, wherein the neurological
disorder relates to neurodegeneration.

The method of claim 1, wherein the neurclogical
disorder is Alzheimer’s Disease.

The method of claim 1, wherein the neurological
disorder is Parkinson’s Disease.

The method of claim 1 further including a
neurotrophic factor in amounts sufficient to treat
the neurological activity.

The method of claim 17 wherein the neurotrophic
factor is selected from the group consisting of
nerve growth factor, glial derived growth factor,
brain derived growth factor, ciliary neurotrophic
factor, and neurotropin-3.

The method of claim 1, wherein the cyclosporin is
Cyclosporin A.

The method of claim 19 wherein R* is selected from
the group consisting of MeVal, Mel[homo-Ala], and Me-

(a-methyl) Thr.
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