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damage associated with neurological diseases. These

compounds are also useful for stimulating nerve growth.
The invention also provides compositions comprising the
compounds of the present invention and methods of

utilizing those compositions for treating or preventing

neuronal damage or for stimulating nerve growth.

BACKGROUND OF THE INVENTION

[003] Neurological diseases are associated with the
death of or injury to neuronal cells. Typical treatment
of neurological diseases involves drugs capable of
inhibiting neuronal cell death. A more recent approach
involves the promotion of nerve regeneration by promoting
neuronal growth.

[004] Neuronal growth, which is critical for the
survival of neurons, is stimulated in vitro by nerve

growth factors (NGF). For example, Glial Cell



factors have been shown to stinulate growth of

neurites in rat pheochronocytoma PCl2 cells and in
weotsads synpat heti c and sensory neurons [ ReRCDURI003/a31080

et al., J. Neurosci., 6, pp. 1211-1219 (1986)].

Insulin and insulin-like growth,factors also

stinmulate the regeneration of 1?11 ured notor nerves in

vi vo and in vitro [Near et al., Proc. Natl. Acad.
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associated with the use of nerve growth factors for
treating neurological diseases. They do not readily
cross the blood-brain barrier. They are unstable in
plasma and they have poor drug delivery properties.
[006] Recently, small molecules have been shown to
stimulate neurite outgrowth in viveo. In individuals
suffering from a neurological disease, this stimulation
of neuronal growth protects neurons from further
degeneration, and accelerates the regeneration of nerve
cells. For example, estrogen has been shown to promote
the growth of axons and dendrites, which are neurites
sent out by nerve cells to communicate with each other in
a developing or injured adult brain [(C. Dominique
Toran-Allerand et al., J. Steroid Biochem. Mol. Biol.,
56, pp. 169-78 (1996); and B. S. McEwen et al., Brain



and ot her neurotrophins and thereby hel p neurons
differentiate and survive. [007] O her target sites

wo 004108948 r eat ment of neur odegenerati ve di SeaBET/HFR03/031080
the i mmunophilin class of proteins. |Inmmunophilins are
a famly of soluble proteins that nediate the actions
of | nmmunosuppressant drugs such ~“as cycl osporin A
FK506 and rapamnmycin. O particular interest is the 12

K e d PRidsR,. REH06 B ”%ﬁyﬁ“g 9lp'r9‘?5t e(d1@9(55*§BP12r)he

FKBP12 |nds FK-506 and raparmyci n, ng 'to an
| nividgrasen off Al-zdelilmeactd Vhtsaaseands qdro&ielq" dmaticaren who

A B il R o
SelmitiRlr Heurd BB e Gng thedddy 31%1%)7 el9%R)s It

has been reported that conpounds with an affinity for
FRBFEEEeRRidtthiama Sumativaotein's rotomase activity

wt h st | at or Vit ns et
DS I M K R oD e s &
(mﬂadded\@mkaﬁlﬁ&ﬁ%eﬁw qu Hiavé class of

I munosuppressive activity. [008] FK506 (Tacr ol i mus)

h & P Stte noSRYERd tigsa@re sy famyilst iadalsiod wilieh oygteins
I { I

we T e e ar e Y U S B 8 s sucn
cc&mwtdtdmmmlrsm béwb thewd tradeeny aieur oo toeatt ivee liax

fac cerehral_.is a [J Shar key. n : .

B aree et 37 o, et Wo S e bigging
|r1rzrcﬁaaaeltdpa<yraﬂza .of Eaezm_ad Wie@R) efats gon alnml fwn@%m,
sciatic nerves [B. Gold et al., J. Neurosci. p

75009 ifrgdg]t irae Qfs & e i imAntdaaiposs

homve%ﬁ oy T @fﬁ%@w‘éﬁ’n%ﬁgﬁﬁﬂ b gorion o

V\APchSCt&}@SEi cEmepoynds) care cHUfSereephr otfed G tnefikapp see,
et aII—I S%lomon et al., Nature Med., 1, pp. 32-37 (1995).

It has been reported that compounds with an affinity for
FKBP12 that inhibit that protein’s rotomase activity
possess nerve growth stimulatory activity. [Lyons et
al., Proc. Natl. Acad. Sci. USA, 91, pp. 3191-3195
(1994)]. Many of these such compounds also have
immunosuppressive activity.

[008] FK506 (Tacrolimus) has been demonstrated to act
synergistically with NGF in stimulating neurite outgrowth
in PCl2 cells as well as sensory ganglia [Lyons et al.
(1994)]. This compound has also been shown to be
neuroprotective in focal cerebral ischemia [J. Sharkey
and S. P. Butcher, Nature, 371, pp. 336-339 (1994)] and
to increase the rate of axonal regeneration in injured
sciatic nerves [B. Gold et al., J. Neurosci., 15, pp.

7509-16 (1995)].

[009] The use of immunosuppressive compounds,



Am Soc. Nephrol., 1, p. 162 (1991)], neurol ogica

deficits [P.C. DeGoen et al., N Eng. J. Md., 317,
wW@2004@80148 1987)] and vascul ar hypertensi on [ KaP@rus1003/031080

al., N Eng. J. Med., 321, p. 1725 (1989)]. [010]

Sub-cl asses of FKBP blndlng conmpqunds whi ch inhibit

rotomase activity, but which purportedly |ack

|nnunosuppreSS|ve functi on have been discl osed for use
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[011] Stimulation of neural axons in nerve cells by

piperidine derivatives is described in WO 96/41609.
Clinical use of the piperidine and pyrrolidine
derivatives known so far for stimulating axonal growth
has not been promising, as the compounds are unstable in
plasma and do not pass the Dblood-brain barrier in
adequate amounts.

[012] More recently, classes of compounds which lack
the ability to bind FKBP and lack immunosuppressive
function have been described for use in stimulating nerve
growth and preventing neurodegeneration [see, WO
98/20891; WO 98/20892; WO 98/20893 and WO 99/10340.

[013] Though a wide variety of compounds for treating
or preventing neurological degenerative diseases have
been described, only two of these are currently in

clinical trials and none have been approved for



certain structural simlarities to the conpounds
di scl osed herein have been described in United States
wQaicens11s. 4,115,569 and 4, 374,990, neither PET/URIISF031080

patents specifically teach or suggest the conpounds of

the present invention, nor is there any teaching that

such conpounds woul d have utility in stinulating nerve

growth or preventing neurodegeneration. [014] Thus,
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associated with neuropathologic conditions.

SUMMARY OF THE INVENTION

[015] The present invention provides a compound

having formula (I):
|
-
a SN~ \I
X

p , wherein:

each Q is a 3-7 membered monocyclic saturated
or partially unsaturated ring having 1-4 heteroatoms
selected from N, O or S;

wherein Q has at least one NH ring atom group;

wherein up to 4 hydrogen atoms in Q are
optionally and independently replaced with halo, -OH, =0,
=N-OR!, (C;-Cg)-straight or branched alkyl, Ar-
substituted- (C1-Cg) -straight or branched alkyl, (Cz-Cg)-
straight or branched alkenyl or alkynyl, Ar-substituted-
(C2-Cg) -straight or branched alkenyl or alkynyl, O-(C1-Cg¢)-
straight or branched alkyl, 0-[(C1-Cs)-straight or



branched al kyl]-Ar, 0-(C2-C6) -straight or branched

al kenyl or al kynyl, O-[(C2-C6)-straight or branched
w@bdoengli4or al kynyl]-Ar, or 0-Ar; each R is PCT/US2003/031080

i ndependently selected from (Cl-C6)- straight or

branched al kyl, Ar-substituted- %1 C6) - straight or

branched al kyl, cycl oal kyl -substituted-(Cl- C6)

-straight or branched al kyl, (C2-C6) -strai ght or

br al kyny !l or
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to nitrogen, the CH2 group of Rl bound direct

satratidhrtogen mcdtedoalrl«a/ﬁl,a@e&ambﬁtl@(tm)ed Arcll"§6) -
sel ect e fromkp

i &:err?yﬁ Era erﬁ/a}n(}i'?éqE Lﬁl&ﬁ t nyyl?flﬁ U%ﬁlpht i jt tuted- (Ca-
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3,4-t di azol yl ,2,4- triazol
1 2, 4- oxadi amﬂytlo R, ot blradpazolfyisald alkyl, alkenyl, or

azoly enoxazol yl ridazinyl,, 2-
o ol i arrg oo5Y pyelvarRe ThgspRaiRpELy
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1 2 3, 4- t et rPathyidy Gisslomptiiatb|finop ,phesmjul NolnapHthyl, 2-

i{ti‘yl},{e” %ﬁfﬁgga'ozﬂﬁ%ﬂﬁ nyyq' 'furyl, 2-thienyl,
] ﬁmﬁmﬁwrlﬂﬂwmﬂ aa%yﬁtdw @%ﬁaﬂw fRasidha,

monocyclic or bicyclic rin system wherein each ring
congiztlylof Wiag oyl ngiret 1 2 goA7e@yflg pyrazolinyl,

ng::%%%.%% %10%%oxazolyl, isothiazolyl, 1,2,3-

oxadiazolyl, 1,2,3-triazolyl, 1,3,4-thiadiazolyl, 1,2,4-
triazolyl, 1,2,4-oxadiazolyl, 1,2,4-thiadiazolyl,
1,2,3-thiadiazolyl, Dbenoxazolyl, pyridazinyl, 2-
pyrimidinyl, 4-pyrimidinyl, 5-pyrimidinyl, pyrazinyl,
1,3,5-triazinyl, 1,3,5-trithianyl, indolizinyl, indolvyl,
isoindolyl, 3H-indolyl, indolinyl, benzo[b]furanyl,
benzo[blthiophenyl, lH-indazolyl, benzimidazolyl,
benzthiazolyl, purinyl, 4H-quinolizinyl, quinolinyl,
1,2,3,4-tetrahydroisoquinolinyl, isoquinolinyl, 1,2,3,4-
tetrahydroguinolinyl, cinnolinyl, phthalazinyl,
quinazolinyl, quinoxalinyl, 1,8-naphthyridinyl, or any
other chemically feasible monocyclic or bicyclic ring

system, wherein each ring consists of 5 to 7 ring atoms



-7 and wherein each ring conprises 0 to 3 heteroatons

i ndependently selected fromN, 0, or S, wherein each
waeoo®31apg | onal |y and i ndependently substit ut eBCTH$1903/031080

one to three substituents selected from halo,

hydroxy, nitro, -SO3H, =0, trlfl_u7ororrethyl

trifluoronethoxy, (Cl-C6) -straight or branched al kyl ,

(Cl- C6)-straight or branched al kenyl, 0- 1 (CJ--C6)

ol ot Banched, albth)sedh [f Gl Pl LA An e

1, Zrdmgpdnydeanely oxgl ec{dB) {h) N, car b:m(yS,, wherein
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branched al kenyl) carboxam des, (Cl- C6-strai ght or
brfai‘mrednedww, cntlmom—@zﬁal g=|ﬁ>t, @nflkiﬂal@mmt@b/llenyl )

aIL{JkyJI or %ﬁ? }f ai g%-ﬂ?%gc% Faaﬁ%%{é glh}é]éﬁﬁ}f:? gndﬂﬁyl (Ca-

sutd) esatiadesit QﬁCle:@fncKédaﬁﬂkBﬁydfe iondeendentdtraight or
selected from (Cil- 062 -straight or_branched al kél
( CxEEEh e%ﬁ]alﬁgH o b@laﬁféhéatﬁﬁk%‘yloabﬁﬁkyh? alkenyll,

hXﬂI ﬁ#?_bQP;yLmet 1851 MG £ %are
taken toget her with the nitrogen atom ch t
areatiorcl t d\T'f 6¢mCa- St?awghbeoedbrhechedcytkyt orn@g Ce—

h R en ted f.rom hydro , 1-
ﬁts‘—i‘l%l h?r or %I%dlﬁ%c%e%l ﬁ) GREFY eﬁlgfh?,g}léﬁﬂcrcs—
OrstJfH:x’;‘gme:ﬂr %mme@raﬂtwm& CXOsSsseheghedotr Bfanched
CR2)2, N NR2 ) , or $(0)2 Yis
st Heamel ¥ r‘éﬁﬁ]%o’b%ﬁbdeso N- é%rc@aﬁgwahghpr branched alkyl

bﬂﬁpQﬂe@% §E5¥hgheroécgrgﬁéhé&r§ig nggg ?g??ﬁggﬂldes, or

kenyl kynyl; wherein Y is
d@ﬁ),lh‘:{c@d- Ctu—@g Btaaaghtngtebbandhed alkplbbe O2RA6-ahdaight
gﬂﬁéﬁégn&:e éﬁkeny fonamfgoups of said alkyl

each of R® and R? are independently selected from
(C1-C¢) ~straight or branched alkyl, (Cy-Cg)-straight or
branched alkenyl or alkynyl, hydrogen, phenyl or benzyl;
or wherein R?® and R? are taken together with the nitrogen
atom to which they are bound to form a 5-7 membered
heterocyclic ring;
each R? is independently selected from hydrogen, (Ci-
C¢) -straight or branched alkyl, or (Cy;-Cg)-straight or
branched alkenyl or alkynyl;
X is selected from C(R*),, N, N(R®), 0, S, S(0),
or S(0)2
Y is selected from a bond, -0-, (C1-Cs)-straight
or branched) alkyl, or (C;-Cs)-straight or branched)
alkenyl or alkynyl; wherein Y is bonded to the depicted
ring via a single bond or a double bond; and wherein one

to two of the CH, groups of said alkyl, alkenyl, or
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Ar; or one of A or Bis absent; and wherein two carbon
ring atonms in the depicted ring structure may be
| inked to one another via a Cl-C4 strai glh_t al kyl or a

r & d kenyl,, t I g
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f ormul a
formula (I

These compositions may be utilized in
methods for promoting neuronal repair or preventing
neuronal damage in a patient or in an ex vivo nerve cell.
More particularly, the methods of this invention are
useful in treating various neurological diseases.
Examples of such diseases include peripheral nerve
destruction due to physical injury or diseases such as
diabetes; physical injuries to the central nervous system
(e.g., brain or spinal cord); stroke; neurological
disturbances due to nerve degeneration, such as

Parkinson’s disease, Alzheimer’s disease, and

amylotrophic lateral sclerosis.

DETAILED DESCRIPTION OF THE INVENTION

[016] The present invention provides compounds having

formula (I):

0 |
=
Q N/\/j
X
P (1),
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N, O or S; wherein Q has at | east one NH ring atom

group; wherein up to 4 hydrogen.,atons in Q are

optional ly and i ndependent!|y reﬁPéced with halo, -OH,

=0, =N-OR1, (C1-C6) -straight or branched al kyl, Ar-

SubStI% -1 {C1-C6) -straight or branched alkyl,

(C2- C6) T ght or branched al kenyl or al kynyl,

Ar-substit ut@d:h (Ca-LE) 3-st manfelr ot raraswshad aldegnated
or al kynyl, 0- (Cl-C6) - straight or branched al kyl ,

094 @P%el)alsw é}rgﬂﬁt%ate@r Ficedaying LA hejqussitemy

%erlaé&égd of-d¥ apchedaldenyl — or al kynyl,
O (C2-Ch)-strai ght or branched al kenyl or

al kynyl ] - Ar ,whogz egi-nArQ l”eaai:ratRILaassu rm‘ao@ﬁﬁe:rﬁtxig/ atom group;

selected fro (Cl C6 tr nched al

Ar - substi t ut 4?5%’5%& %a‘ﬂ% a¢

cwﬁ&aiﬂ@a 13,8 l&@&l |itruié'15é:r(dé1'rt 166 hres V=ad e by i0th b{aal_rb: heds, -o,
, 1( -strai ght or _branched al kenyl or

| dﬁl slsustadittey Eraoshed g ldight 281
bf&ﬁ&é&%@é&fnb’d o a!s{é%‘gy% V\@ffﬁfé‘?%sdt&%}‘g@n £2-Cs) -

groups of said alky nyl
RJstaaraeL gipt ionabtancnet |aﬂd&pa/rildem lal kyrepl aced- SMHEl’tJO:,uted—

S 2 0O or NR2), erein wh Rl.is
G- S Sl O Br et s e E P R p o a L Rt (G1-Co) -
t qs&%lldﬁ{u 120 OSFh GOt 08, 1 e @) -acEd - § hs@f@ighér oks
seI ect ed from phenyl, 1-naphthyl, 2-
heq zaulll@ﬁ&/] SAD, errgﬂz Cslf%ﬁawlgbttﬁre%y@nched alkenyl

gxgall;oa[el% 3{%I azol: @l—csg’l gg_g%ﬁ%ﬁk? %JS;P%:)E(éﬁX#ledpgiﬁgkyi or

pw]dmiy]rﬂy—lAr pyn'a(o}lAzd; nyl, isoxazolyl, isothiazolyl,
12,3 each R' is independently selected from (C1-Cg)-
straight or branched alkyl, Ar-substituted- (C;-Cgs)-
straight or branched alkyl, cycloalkyl-substituted- (C;-
Cg) —straight or branched alkyl, (Cy~Cg)-straight or
branched alkenyl or alkynyl, or Ar-substituted- (Cy;-Cg) -
straight or branched alkenyl or alkynyl; wherein

one to two CH; groups of said alkyl, alkenyl, or
alkynyl chains in R! are optionally and independently
replaced with 0, S, S(0), S(0)2, C(0) or N(R?), wherein
when R!' is bound to nitrogen, the CH; group of R' bound
directly to said nitrogen cannot be replaced with C(O);

Ar is selected from phenyl, l-naphthyl, 2-
naphthyl, indenyl, azulenyl, 2-furyl, 3-furyl, 2-thienyl,
3-thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, pyrrolyl,
oxazolyl, thiazolyl, imidazolyl, pyraxolyl, pyrazolinyl,
pyraolidinyl, isoxazolyl, isothiazolyl, 1,2,3-
oxadiazolyl, 1,2,3-triazolyl, 1,3,4-thiadiazolyl, 1,2,4-



oxadi azolyl, 1,2,3-triazolyl, 1,3,4-thiadiazolyl,

1,2,4 WD 2004/ 031148 PCT/ US2003/ 031080 -10 triazolyl,
wad4asaxadi azol yl, 1,2, 4-thiadi azol yl, PCT/US2003/031080

1, 2, 3-thi adi azol yl , benoxazolyl, pyridazinyl, 2-

pyri mdinyl, 4-pyrimdinyl, 5- py{andlnyI pyrazi nyl ,

1,3,5-triazinyl, 1,3,5- trlthlany i ndol i zi nyl
indonI i soi ndol yl, 3Hindolyl, indolinyl,

any phe yI 1H—|nd m
coneel iy ani 2 Pl pPh el b o,

4 CQJ,IMIIJZE[CIMZOM nolbdndxazolyl pyridazinyl, 2-
etrahydr0|squ|noI|nyI i soqui nol i_nyl,

1,2, 3,4
/T OGO A oL Breasioyl,
prIII @lfﬂzﬂwézlnﬁ%“ nagzof iy al i1y lZJTngas t§]:r1dolyl

1, naphthyrldlnyl or ‘any ot er c eﬁ10a|
rnmﬂﬂ%nﬂqkykn 1Hfamﬂakykﬂrude%mnMﬂn hdnxuﬂhﬂﬁunanym .ng

cqnsj st 0 ato erei n eac i ng
cgﬂprlségﬂgl @fﬁ%ier Jﬁﬁgﬁcﬂﬁagp§%ﬁ8ﬁ¥WfF Il¥

f e Nhibzery S, phensin Wndl&ﬂﬁiﬁlonaidﬂhcﬂﬂ%yl
|nd§fendently substituted with one to three

% Léerﬁ%tww@osq%mo%yé Hyradnohingtlo, 1,2,3,4-

I
(%a) :%tlrréa% Rt or anthnné) YJQIJI u%@fﬁt%& giral ght
orqlblrlmﬁﬂeld'lxal kemyir;toxal[l(r@ﬂ ,C8), &—ur@kgﬁtymrdnhﬂanme(hny

ék%éﬁﬁﬂi%? Etral ht or bra%%ggd a&gggy

Ca-:ﬁhit)étﬂ\,, wheA&n %c&l rﬂr@tcdifszl.@tasnfchiedj alkyd J:QLrng atoms
C2- C6- strajght or branched al kenyl) carboxam des,

N"’I‘@%W}(&E’ﬂe]@s cah diigH IRt I@ylheﬁ?eroatoms
I I
I\:I-Z'L( Cl %6 str allf;% %&%%gg l\gle%l )Orcag Cg'%%g str a| ght

or branched edd&emn )iswdtorardldes, amfr lndependently

N, N—d| (.C st rai ht or bhranche | or
H&i‘i%tm%} iehed R Forafdgsted from

e&féthQf R R‘hﬁﬁ) I nciﬁgﬁnde@t | xﬁ%h%&%%efthgm

(C1- CB) - Strai ght or branchéed aIkyI (C2-C6) -straight

ortrifluoromethoxy, (C;-Cg)- stralght or branched alkyl, (C;i-
C¢) -straight or branched alkenyl, O-[(C1-Cs)-straight or
branched alkyl], 0-[(C1-C¢)-straight or branched alkenyl],
O-benzyl, O-phenyl, 1,2-methylenedioxy, - (R?) (R?Y),
carboxyl, N-(C;1-Cg¢-straight or branched alkyl or Cy-Cs-
straight or branched alkenyl) carboxamides, N,N-di- (C;-Ceg-
straight or branched alkyl or Cy-Csg-straight or branched
alkenyl) carboxamides, N-(C;-Cg-straight or branched alkyl
or Cy-Ce-straight or branched alkenyl) sulfonamides, or
N,N-di- (C;-Cs-straight or branched alkyl or C2-C6-straight
or branched alkenyl) sulfonamides;

each of R’ and R® are independently selected from
(C1-C¢) —straight or branched alkyl, (Cy-Cgs)-straight or
branched alkenyl or alkynyl, hydrogen, phenyl or benzyl;

or wherein R’ and R? are taken together with the nitrogen



branched al kenyl or al kynyl, hydrogen, phenyl or
benzyl; or wherein R3 and R4 are taken together with

W b@4nstisogen WO 2004/ 031148 PCT/ US2003/ 031080PCFH182003/031080
atomto which they are bound to forma 5-7 nenbered
heterocyclic ring; each R2 is i pendently sel ected
from hydrogen, (Cl- C6)-straight-or branched al kyl, or
(C2-C6) -strai ght or branched al kenyl or al kynyl; X is

SE5S % PARCURI el Yo e 8 (Chennetla

- $igtair@iyc1dic bfla@;hed) al kyI or (C2-CB)-straight or
branched) _ al,kenyl or alky ng wherein_Y is bonded to
the defeed’ LEngn¢rRCRIENREVeSBoRELEH £ralau]6¥@raaﬁla7 (C1-

a'&d V‘@EE:?&BhQ”Sr EQahl’é’He@f a&ﬁ?lc"@rgr@?‘it% t§%‘1%ht or

kyI ényl, or alkynyl 135 optionafl

i itepeidehtd kel avedhivilylo, S, S (0) 5(0) 2, C

i(gzjegcrangleslﬁ) lssglsé%eé%eﬁ g)ﬁonhfg(?%gé’n %’f&ﬁgz grl §n<§ ofs (O

Acgr Rd)s absent; and. wherein two carbon ring atons
in the depicted ring structure may be |inked to one
anot her vi a Y igscde Céitefdafgflﬂi“ﬁ Bpndor —#-G2-(E€4-Cs) —straight

sty A ght, aldfnydy %at &,8 é‘&’:?éi&hgoéftﬂra:ﬁ&%g&

The term "ring at usegeﬁerm n,"refers to
b adiizone aimmltkmtylmhéﬂanmn e drs m@nc&sﬂcitd ithg ategrirted
are selectedfr ar 0.2 or. 3

S e T e 4 Rl by R n one
ahﬁHHth1di iy adu,C &bﬁgs355t§ald 3he ueraukéhgm aben
does not_ i ncl ude hy rogen [018] It w II be readll

apparent! tie idsionstllakiand Wietméldeﬂréﬂmafteptliwqdewh 0,
" K (0)ands (A kepyb) yhe uged

p is 0, 1 or 2;

each of A and B isg independently selected from
hydrogen or Ar; or one of A or B is absent; and .

wherein two carbon ring atoms in the depicted
ring structure may be linked to one another via a C1-Ca
straight alkyl or a Cy;-Cs; straight alkenyl to create a
bicyclic moiety.

[017] The term “ring atom”, as used herein, refers to
a backbone atom that makes up the ring. Such ring atoms
are selected from C, N, O or S and are bound to 2 or 3
other such ring atoms (3 in the case of certain ring
atoms in a bicyclic ring system). The term “ring atom”
does not include hydrogen.

[018] It will be readily apparent to those of skill
in the are that the terms “alkyl” and “alkenyl” when used
in the definition of Y represent those portions of an
aliphatic moiety for which proper valence is completed by

the moities bound to Y (i.e., at one end, the ring atom



in the definition of Y represent those portions of an

al i phatic noiety for which proper valence is conpleted
wh004083480i t i es bound to Y (i.e., at one end,PCTESI0051¢31080

‘ atom WO 2004/ 031148 PCT/ US2003/031080 -12 to which Y

IS bound; and at-the other end, and B). Thus, as an

exanpl e, for the purposes of th| sinvention, Yis

considered a C2 alkyl in each of the follow ng

b R A Y A bR ai s -

t aCrauspr lea‘seraretcélfmftmxgrf g?juré tﬁeaﬁua*pbs"és nﬁg‘:mgjg%d r1Inrx]re:r1tlon,
m)noln%c SR ﬁ {4t Qagﬁﬁt Fﬂgéé ﬁeP rEgFoﬁP f-@‘ﬁ@ﬂqg
ARt dD @HDMR RIS &R LIAHJITEN GO d @%own in

present invention, Qin a conpound of forrmula (l) is
séldstled froma 5 to 6 nmenbered partially unsaturated

or fully satunated heterocycljc ring containing a

single unsubs ituted nitrogeff ring atomand four to

five carbamy at onk.GQsREgGyi vel y, wherein said

ring is optlon y fused to t hr ee- nenbered ring.

Mor e preferabIB Qli$ a 5 top menbered partially
unsaturated or fully saturated heterocyclic ring

cont ai Hi0HY &kcsjdlgilmgjmbﬁtﬁﬂdﬂe&(i‘edﬂdﬁﬂimﬁlaﬂtng@h@ma 3-7

and four to five gcarbon rin respectlvel
cﬁdteﬁ‘}oe?&qysc FAEYEE %ﬁ%:)é’r“ﬁ R~ 32 L 1y rrsigitipa ted
Oﬁtﬂr@@id\z}irﬁlebiié iR At NP IS SN Ghe teFHRRRS5 .

wi th phenyl,” methyl or hydroxy. Even nore preferred
i s wherd029]i iqmsiqbsig ttat ed muinee Hmhferored Wfqodlmrdzy:lt of the

[OZlJ X COI‘dI n ot.her preferrr%d efm%o@ W@
ectea from ) &t Pai G A 1° T

-Sﬁikﬁdﬁﬁd from a 5 to 6 membered partially unsaturated or
fully saturated heterocyclic ring containing a single
unsubstituted nitrogen ring atom and four to five carbon
ring atoms, respectively, wherein said ring is optionally
fused to a three-membered ring. More preferably, Q is a
5 to 6 membered partially unsaturated or fully saturated
heterocyclic ring containing a single unsubstituted
nitrogen ring atom and four to five carbon ring atoms,
respectively. More preferred is when Q is piperidyl or
pyrrolidyl optionally substituted at one of the ring
carbons with phenyl, methyl or hydroxy. Even more
preferred is when Q is unsubstituted piperidyl or
pyrrolidyl.

[021] According to another preferred embodiment, R! is
selected from (C;-C¢)-straight alkyl, (C;-Cs)-straight
alkyl-Ar, (C1-Cg)-straight alkyl-cycloalkyl, (C3-Cg)-
straight or branched alkenyl, or (C3-Cg)-straight or
branched alkenyl-Ar. Even more preferred is when R! is

selected from methyl, ethyl, -CHz-phenyl,



al kyl -Ar, (Cl-C6) -straight alkyl-cycloal kyl, (C3-0C6)-
strai ght or branched al kenyl, or (C3-C6)-straight or

whe@nobiads al kenyl - Ar. Even nore preferred i s Wenufho3/e31080

sel ected fromnethyl, ethyl, -CH2-phenyl, WO

2004/ 031148 PCT/ US2003/ 031080 3 CH2- nethylphenyl
- CH2- net hoxyphenyl , - CH2- fluoroﬂhenyl
- CH2- di f | uor ophenyl , C}Q C}Q phenyl ,

ggé dﬁ%kﬁ?%ﬁﬁg§¥l[0§§% yet ofﬁ@r C?%?errgggbpﬂgnyl'

erlediaeflvopoplsely Dy —AH, K} -Xhieay T, OFCMg @ﬁ@B@pfﬁpyl,
anot her preferred enbodi nent of the canpound

f ofF-Far 8HEE f CEY 2 s ~§Rpod; CHp- 0% oG C&HEheP®é4]
ACCOrdI@g%t%HQQQEhgthCg&e&%@@eggggdlggghlm%H% Bflé 0 or

sént “or selected from rogen,
chl;oraphenyls, cdioehiNor ophenyl , quorophenyI or
and_the other of. Aor Bis selected

di fl uoro heqy .

fron1 %ﬁﬂyln-eﬁpéheﬁheﬁeﬁeraeéheebeéﬁeey the compound
RRARNK (19T Gl obophenyl, [ 0gak, Aeeor-et{tlg to

another e es

t he pr esent [ nvent i on provi
conpoummyﬂammm@rﬁﬂnguha bﬂother)@erérMedNeHb@dhﬁent, one
wherein: n i,s 026] A and B ea IS
i (7 e&el‘?&eﬂﬁ iy §§’IS§Ette8 f °6 ecﬁﬁéﬂ)ﬁlronb%ﬁgtré?ﬁﬁé’ﬂytp,henyl'

dicghleippleril,. dtlnaberpe@nl1,0%luorophenyl, or
difluorophenyl and the other of A or B is selected from
phenyl, chlorophenyl, dichlorophenyl, fluorophenyl, or
difluorophenyl.
[025] According to another embodiment, the present

invention provides a compound having formula IA:

n ON

Ir=z

wherein:

n is 1 or 2;

[026] A and B each is independently selected from
phenyl, chlorophenyl, dichlorophenyl, fluorophenyl, or
difluorophenyl.

[027] Preferably, n is 1. According to another
preferred embodiment, n is 2.

[028] Most preferably, the compounds of the present

invention have the following formulae:



di f 1 uorophenyl . [027] Preferably, nis 1. According to
another preferred enbodinent, nis 2. [028] Most
woe@iesals y, the conpounds of the present i nvReI/US2903/031080
have the follow ng formnul ae: WO 2004/ 031148
PCT/ US2003/031080 -14 FFF F~N\ // FN JFNNF
HOHF 9 017 F NINF Nv HO28 [029] The
compounds of fornmula (1) nay be stereoisoners, [030]
geonetric isoners orgstable tautoners. The igwvention
envisions all possible isomers, such as E and Z
i soners, S and R epafgi oners, diastereoi song
racemat es, and m X gs of those. [031] The
of the present i nvenet may be readily pr
usi ng kngwn synt et| . For exan'pl e, paunds

”
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[029] The compounds of formula (I) may be
stereoisomers,

[030] geometric isomers or stable tautomers. The
invention envisions all possible isomers, such as E and Z
isomers, S and R enantiomers, diastereoisomers,
racemates, and mixtures of those.

[031] The compounds of the present invention may be
readily prepared using known synthetic methods. For
example, compounds of formula (I) may be prepared as

shown below in Scheme 1:



SCHEME 1 A I AOY-BCOUYCOH~~XBt Bu~Cl CN + HN
XNI OPPr2EENT O DCM Qring where Nis protected
WO/ 1esar bamat e protecting group A | Y~ BPCT/US2003/031080
Deprotect X NJ CN1 HO(lI") [032] In the schene
depi ct ed above, the follow ng 3gpreV|at|ons are used:
i Pr2Et N = diisopropyl et hyl am ne
di chl oronmet hane; [033] One of skill in the art will be
wel | a%ggﬁgﬁaé anal ogous synthetic methods for
pr epar i r conpounds of formula (l1). [034] The
nerve growth stinulatory activity of the conpounds of
this invention may be initially assayed using severa

cel | cul tupg assays known in the art. Fof exanpl //M\B
t he compounds of this |nvent hlgay be tastedl(in r/~ X
neurite ou h assayHﬁ i ochr'difocyComa\pPC N\/)
——— N
I I"PrzEtN |
PG O DCM PG O
Q=ring where N is
protected with a carbamate
protecting group
A
|
m\B
Deprotect X
—
N
)
H O
(')

[032] In the scheme depicted above, the following

abbreviations are used: iPr,EEN =
diisopropylethylamine;

DCM = dichloromethane;

[033] One of skill in the art will be well aware of

analogous synthetic methods for preparing other
compounds of formula (I).

[034] The nerve growth stimulatory activity of the
compounds of this invention may be initially assayed
using several cell culture assays known in the art. For
example, the compounds of this invention may be tested in
a neurite outgrowth assay using pheochromocytoma PC1l2
cells as described by Lyons et al., PNAS, 91, pp. 3191-
3195 (1994). A similar assay may be carried out in SH-
SY5Y human neuroblastoma cells. Alternatively, the chick
dorsal root ganglia assay described in United States

patent 5,614,547 or in G. S. Hamilton et al., Bioorg.



cells as described by Lyons et al., PNAS, 91, pp.
3191- 3195 (1994). A simlar assay may be carried out
WO 00$B11Y5Y hunman neurobl astona cells. Alter an/Usiwslonoso
the chick dorsal root ganglia assay described in
United States patent 5,614,547 or in G S. Ham lton
et al., Bioorg. WD 2004/031148 P&F+US2003/ 031080 -16
Med. Chem Lett., (1997) and references cited therein,

e ytilized. [03 The coppounds of this invention
et sehge Eethyed 19T hervR G ook HL8e i i briherein,
achhy iy hth Viy&eq. using a nouse nodel of Parki nson’s
di sease [J. P. Steiner et al., Proc. Natl. Acad. Sci.
USA, 9403%b. T129 1€em3ourfd9 97y , thin t et Siad @ paf edllso be

5,721, 25 or follown surgi c sciatic nerve crush
L P e e T ST VSRR | AR B 1 e Do

C oMM IS mAisd MhSdeNVENt POk IRYoDEs a$SAVEL USH NG I i ciner
enbryo ventral nmesencephalic cells in culture which

aret stbsedqie?t | Walekposeat t Sehe @At dhbut asz eckHpt D123

agpd N [ ' ' j etail.in
Rl & et e T a SREor h 43 hrfth Het 1oving
endodiinemnt ,s¢drisid nvente anrugh oM dﬁg@.ongo& tions

conpri si a_conpound of fornula (|) and a

pth rm‘ztggﬁ e ;ﬁp%%&%?%‘%ﬂ“’etlc‘é? r3grivigsg)f the compounds

P t4 : i ers.that Y. used 1
e R R s L i e A S
ndtesandemb iy dohlexohangerns;e athininagralaubgummently

st e, Jecithin, serumproteins, such as _human .
seel(r%%;m Gt btuom'ctnk,le rhfl%%arma;{iﬁ)sﬁ%%ec%tso% RIPHS® pHES hrat 11s
glagsaie,is stydueilged din pRf@Essl WA sHdamPad tdetion.
glyceride mxtures of saturated vegetable fatty '
aci ds, [0@tlerAcaniiding dro arerthert yamdmdisuett ashis invention

e ol LA LI ppapuna o
sdldmsquleol (i dald s IgleamamanesddlMy acceptable carrier.
[038] Pharmaceutically acceptable carriers that may

be used in these pharmaceutical compositions include, but
are not limited to, ion exchangers, alumina, aluminum
stearate, lecithin, serum proteins, such as human serum
albumin, buffer substances such as phosphates, glycine,
sorbic acid, potassium sorbate, partial glyceride
mixtures of saturated vegetable fatty acids, water, salts
or electrolytes, such as protamine sulfate, disodium
hydrogen phosphate, potassium hydrogen phosphate, sodium
chloride, zinc salts, colloidal silica, magnesium
trisilicate, polyvinyl pyrrolidone, cellulose-based
substances, polyethylene glycol, sodium carboxy:
methylcellulose, polyacrylates, waxes,
polyethylene-polyoxypropylene-block polymers,
polyethylene glycol and wool fat.

[039] In another embodiment, the pharmaceutical



trisilicate, polyvinyl pyrrolidone, cellul ose-based

subst ances, pol yet hyl ene gl ycol, sodi um carboxy
woreaohpbaes | ul ose, pol yacryl at es, waxes, PCT/US2003/031080

pol yet hyl ene- pol yoxypr opyl ene- bl ock pol yners,

pol yet hyl ene gl ycol and wool fat, [039] In another

enbodi ment, the pharnmaceutical” 2004/ 031148

PCT/ US2003/ 031080 -17 conposition of the present

inventi.on is rised of .a. compound.of formula_(I),
SRS (al Ty RECESEni8 Y RRrrPers SSEP0HE oGy OF 2
R o oo Frrtfler qEeyt bC pagenbseultQ48h 10k ce¥atBle e
the additional agent can be a neurotrophic factor.

[CEXTT-She 306t Pen&Fr HOEESpRAEITLAONGH, ‘therapsad igepoents .
refer ounds whi are -capabl e of stinulatin
gromﬁﬁm%ﬁ %%%fi g?g%fbn%% e &%&?nﬁﬁsgﬁgékNﬁﬁgrbﬁé%
meurotrophic ffactters have been identified in the art

and any of those factors may be utilized in the .
conpoi@%ﬂoﬁ&m*6@rﬁhﬂ§emﬁ@éﬁppbnp Taeteormdupst bephi berein,

f ' li.m t @, _herv Low h
PR A tndl iaEs 306 kil LS Rl R,
iotrewardt iore prioliifeataed ote bifv aktirvesss tdhk sas .gl Gombrang

Des(1-3)IGF-1,_ acidi¢c and basi ¢ fibrahl ast, growth
PRI HPRRGE 4A0 TDREF 1o FebBB LOBFY T1ed in the art and
Rht elretcrderd ol tahekbf act 08 16PREF)in tRAiRngekli¥edns
neurotrophic factor (BDNF), ciliary neurotrophic

Pécttdis (oNPREiogl.i alTheskl nevretdepived fassorst dophiude,
198" el A hsqpouo oot G AL v ghigon o
ﬁnsmﬂénedﬁmﬁsbtb@mﬁ dhcthbics (TaFenti and issNaktif@42]
ARl bl cdeserbed comounds aed s s
bRV eRld amd ¥agidetdinedrh astngudenpharReeybi-e® bha vrer,
respectively), platelet-derived growth factors (PDGF),
brain-derived neurotrophic factor (BDNF), ciliary
neurotrophic factors (CNTF), glial cell line-derived
neurotrophic factor (GDNF), neurotrophin-3 (NT-3)and
neurotrophin 4/5 (NT-4/5). The most preferred
neurotrophic factor in the compositions of this invention
is NGF.

[042] As used herein, the described compounds used in
the pharmaceutical compositions and methods of this
invention, are defined to include pharmaceutically
acceptable derivatives thereof. A "pharmaceutically
acceptable derivative" denotes any pharmaceutically
acceptable salt, ester, or salt of such ester, of a
compound of this invention or any other compound which,
upon administration to a patient, is capable of providing
(directly or indirectly) a compound of this invention, or

a metabolite or residue thereof, characterized by the



accept abl e derivatives thereof. A "pharmaceutically

acceptabl e derivative" denotes any pharmaceutically
waecwepsals e salt, ester, or salt of such esterpCDUSH03/031080

conpound of this invention or any other conpound

whi ch, upon adm nistration to f patient, is capable

of providing (directly or indr %Etly) a conpound of

this invention, or a netabolite or residue thereof,

t i d by the WD 2004/ 031148 PCT/ US2003/ 031080
A 11 T PR G d Re s, S Rt ons

NEXSIONG: s dd 0 st seasel 1 phsingal trauma. [043] | f
pharmaceutically acceptable salts of the described

conpoufdd] are rirediaadisiecsldin s earepatdfersiiys of the
derived fromingrgani ¢ or_ organi.c acids and bases.

e P S a2 e e o ety
abet dted Bthmaltorflgidale, ofpard dE.ddentddfes.
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SH&dbinate, tartrate, thiocyanate, tosylate and
undecanoate. Base salts include ammonium salts, alkali
metal salts, such as sodium and potassium salts, alkaline
earth metal salts, such as calcium and magnesium salts,
salts with organic bases, such as dicyclohexylamine
salts, N-methyl-D-glucamine, and salts with amino acids
such as arginine, lysine, and so forth. Also, the basic
nitrogen-containing groups can be quaternized with such
agents as lower alkyl halides, such as methyl, ethyl,
propyl, and butyl chloride, bromides and iodides; dialkyl
sulfates, such as dimethyl, diethyl, dibutyl and diamyl
sulfates, long chain halides such as decyl, lauryl,
myristyl and stearyl chlorides, bromides and iodides,
aralkyl halideg, such as benzyl and phenethyl bromides
and others. Water or oil-soluble or dispersible products

are thereby obtained.
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intrasternal, intrathecal, intrahepatic, intralesional

and intracranial injection or infusion techniques.
Preferably, the compositions are administered orally,
intraperitoneally or intravenously.

[046] Sterile injectable forms of the compositions of
this invention may be agueous or oleaginous suspension.
These suspensions may be formulated according to
techniques known 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 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. In

addition, sterile, fixed oils are conventionally employed



techni ques known in the art using suitable dispersing
or wetting agents and suspendi ng agents. The sterile
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typically added. For oral administration in a capsule
form, useful diluents include lactose and dried corn
starch. When agueous suspensions are regquired for oral
use, the active ingredient is combined with emulsifying
and suspending agents. If desired, certain sweetening,
flavoring or coloring agents may also be added.

[048] Alternatively, the pharmaceutical compositions
of this invention may be administered in the form of
suppositories for rectal administration. These can be
prepared by mixing the agent with a suitable
non-irritating excipient which is solid at room
temperature but liquid at rectal temperature and
therefore will melt in the rectum to release the drug.
Such materials include cocoa butter, beegswax and

polyethylene glycols.



flavoring or coloring agents may al so be added. [ 048]
Alternatively, the pharnmaceutical conpositions of

W0 boog/oBrivent i on may be admi nistered in the forpPeDS2003/031080
suppositories for rectal admnistration. These can be
prepared by m xing the agent with a suitable
non-irritating excipient which is solid at room
tenperature but liquid at rectal tenperature and

t her ef Wi, | |t in the rectumto .rel ease the .drug.
Such ng{)ggr]l S irbﬁnglrﬂn & o %blﬁql@rqs%el@%fftaﬁgus
palnedrngl cenensgt ¥dedos beNARAA/ATAB tRpH/dS52903/L3R8Q 11y
-21 [049] The pharnaceutical conpositions of this

i e 01 My 9ts & Tod ramirandt érsd udssi éalgap, or organs
esnesisaly Yo cdhen gie éa&ﬁft% 5 Qft .taﬁ%éitibrg%midnrld'lﬁ%%ﬁlding
areas or organs readily accessible by topi'ca .
appldepatdsomf ithe wdieng thei sddses cof timaebl ey ﬁhlftﬁﬁimal
or_the lower, intestinal _tract. Suitable topical,
fotﬁﬁﬁecati S fopiept PrEgaTEd 1B8rS &&éh TePAigse
affap e N eadh0od thepealrRRPldCatimsf or the
lower intestinal tract can be effected in a rectal
supposil@¥y Towimailatiped i cqedd@nalfore)ther liowesr Suitteahlieal

e fornulation. . Topi.cally-transdernal .patch na X
a&%e C{Jaéneé).e [e%%ﬁc tlegdl? o )c{CQCt 154 olsd%é’,ryt .%z)rmﬁatlon
pharemeittiegalor dmo%hﬁitQMéT%ﬁlel?f% fffa;rxlmm&tt%d.nt a

suitabl e oi ntnment. containing the active conponen
s@?&éﬁg&yﬁrtr@i%r% PREhies Fevneleccher ugest.

Carri ergsiOF, i.cal. - adm ni:stration t he conpounds

of thi W5HUE e Rebcal %%ri %ﬁﬁé’ﬁ%'n%ﬁ‘ﬁ iyt cal
movanels idiilons mgwi the Fetmollatted iwhist e@upetahileatodMtment

ropyl ene gl ycol, ol yoxyet hyl ene, pol yoxypropyl ene '
g&ﬁp &ln%nﬁ%ﬁ Pfitﬁa eym}épm%ﬁéﬁpeﬂ &t iesplved in
t Rerephar MRERUIHAEH, er&QNMPeSitlieRs GR RefierAul ated in

a suitable lotion or .
administration of the compounds of this invention

include, but are not limited to, mineral oil, liquid
petrolatum, white petrolatum, propylene glycol,
polyoxyethylene, polyoxypropylene compound, emulsifying
wax and water. Alternatively, the pharmaceutical
compositions can be formulated in a suitable lotion or
cream containing the active components suspended or
dissolved in one or more pharmaceutically acceptable
carriers. Suitable carriers include, but are not limited
to, mineral oil, sorbitan monostearate, polysorbate 60,
cetyl esters wax, cetearyl alcohol, 2-octyldodecanol,
benzyl alcohol and water.

[052] For ophthalmic use, the pharmaceutical
compositions may be formulated as micronized suspensions
in isotonic, pH adjusted sterile saline, or, preferably,
as solutions in isotonic, pH adjusted sterile saline,

either with or without a preservative such as
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limted to, mneral oil, sorbitan nonostearate,
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can be adm nistered. |If a neurotrophic factor
will vary depending upon the host treated and the

particular mode of administration. Preferably, the
compositions should be formulated so that a dosage of
between 0.01 - 100 mg/kg body weight/day of the described
compound can be administered. If a neurotrophic factor
is present in the composition, then a dosage of between
0.01 pug - 100 mg/kg body weight/day of the neurotrophic
factor can be administered to a patient receiving these
compositions.

[055] It should also be understood that a specific
dosage and treatment regimen 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, rate of excretion, drug combination, and
the judgment of the treating physician and the severity

of the particular disease being treated. The amount of
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[057] According to an alternate embodiment, the
method of promoting repair or preventing neuronal damage
comprises the additional step of treating nerve cells
with a neurotrophic factor, such as those contained in
the pharmaceutical compositions of this invention. This
embodiment includes administering the compound and the
neurotrophic agent in a single dosage form or in
separate, multiple dosage forms. If separate dosage
forms are utilized, they may be administered
concurrently, consecutively or within less than about 5
hours of one another.
[058] According to another embodiment, the
methods of this
[059] invention are used to stimulate axonal growth
in nerve cells. The compounds are, therefore, suitable
for treating or preventing neuronal damage caused by a

wide variety of diseases or physical traumas. These



t he pharnmaceuti cal conpositions of this invention.
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[061] In a particularly preferred embodiment of the
invention, the method is used to treat a patient
suffering from trigeminal neuralgia, glosspharyngeal
neuralgia, Bell’s Palsy, myasthenia gravis, muscular
dystrophy, muscle injury, progressive muscular atrophy,
progressive bulbar inherited muscular atrophy, herniated,
ruptured, or prolapsed invertebrae disk syndrome’s,
cervical spondylosis, plexus disorders, thoracic outlet
destruction syndromes, peripheral neuropathies, such as
those caused by lead, dapsone, ticks, or porphyria, other
peripheral myelin disorders, Alzheimer’s disease,
Gullain-Barre syndrome, Parkinson’s disease and other
Parkinsonian disorders, ALS, Tourette’s syndrome,
multiple sclerosis, other central myelin disorders,
stroke and ischemia associated with stroke, neural

paropathy, other neural degenerative diseases, motor
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and 28. [065] For use o he conpounds according to
t gempounds 9, 17, and 28.
[065] For use of the compounds according to the

invention as medications, they are administered in
the form of a pharmaceutical preparation containing not
only the active ingredient but also carriers, auxiliary
substances, and/or additives suitable for enteric or
parenteral administration. Administration can be oral or
sublingual as a solid in the form of capsules or tablets,
as a ligquid in the form of solutions, suspensions,
elixirs, aerosols or emulsions, or rectal in the form of
suppositories, or in the form of solutions for injection
which can be given subcutaneously, intramuscularly, or
intravenously, or which can be given topically or
intrathecally. Auxiliary substances for the desired
medicinal formulation include the inert organic and
inorganic carriers known to those skilled in the art,

such as water, gelatin, gum arabic, lactose, starches,



i nvention as nedications, they are adm nistered in
the form of a pharmaceutical preparation containing
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auxiliary substances, and/or additives suitable for
enteric or parenteral adninistfgéion. Admi ni stration
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pHdspholdopirgserdrs miceturkes wfed emceaand dr poganess .or
their %ﬁ onents, can be used_as carrier systens.

[ 068] neurotf%ﬂﬁHQ?qﬁQ§§9Phﬁc!ﬁﬂi |ﬁh§ cempounds
 rmdcarbdda Ofr )t 5y RIS GHod MR AR AR, ThEY Tenes

physi ol ogi cal |y acceptabl e salts can be determ ne

u§ﬁﬁ§iologically acceptable salts can be determined using
several cell culture assays known in the art or the assay
described in Example 66. For example, the compounds of
this invention may be tested in a neurite outgrowth using
pheochromocytoma PCl2 cells as described by W. E. Lyons
et al., Proc. Natl. Acad. Sci. USA, 91, pp. 3191-3195
(1994). A similar assay may be carried out in SH-SY5Y
human neuroblastoma cells. Alternatively, the chick
dorsal root ganglia assay described in United States
patent 5,614,547 or in G. S. Hamilton et al., Bioorg.
Med. Chem. Lett., (1997) and references cited therein,
may be utilized.

[069] The compounds of this invention may also be

assayed for nerve growth activity in vivo using a mouse
model of Parkinson’s disease [J. P. Steiner et al., Proc.

Natl. Acad. Sci. USA, 94, pp. 2019-23 (1997)]

[070] In order that this invention be more fully



several cell culture assays known in the art or the

assay described in Exanple 66. For exanple, the
w@ormposnds of this invention may be tested i NnPEI/US2003/031080

neurite outgrowth using pheochronocytoma PCl2 cells

as described by W E. Lyons etgg%., Proc. Natl. Acad.

Sci. USA, 91, pp. 3191-3195 (1994). A sim |l ar assay

may be carried out in SH SY5Y hunman neurobl ast ona

cells. Alternatively,. the chick .dorsal roqgt ganglia
e pay F RS S TR e S R ohese
| rexampd edHaitd tfMr edhalpurddROIE 1 IMRth+LNE8Mn lBlllty and are
(1997) and references cited therein, nmay be utilized.

[ (BY] ttheée otRibtircsedfas Hilgditivishttiteh sempalah e

as; f ner h activity in vivo using a
n%ﬁgégﬂﬁb efqgf%géregﬁgon's di sease [J. P. Steiner et

al ., Pro71] Badhpldcad. Sci. USA, 94, pp. 2019-23

(1997)] [O70] Tn order that this invention he nore

ful ly WO 2004/ 031148 PCT/ US2003/ 031080 -277

under st oqd, the foll ow Rg>exanpl es are set t h.

These exanples are for _pur pose of ill [

only an e nggﬁﬁo be cpnst¥rued as [imti KyC05CHLCN
scope o e -rﬁv§ﬁ¥ran =2 $0 , 3!

FFI | Y1 FnBuLil F F°-78 hr soC12, “Benfend S
K2COBCH3GN F 2 O NHHKFBr F F F Fe o 3
45 2 1 i 3 4 5

TFA, CH,Cly
_—

[072] A) Bis-(2,4-difluoro-phenyl)-methanol 3
[073] 1-Bromo-2,4-difluoro-l-benzene (1, 201.18 g,



FF NI\ HOF/ F6 FF 1) t-BuCOCl, Et3N,
CH2C12 JN TFA, CH2Cl2 ' OH2) FNJ FF BOCO BOC OF
wo2@4/0M4§ F F F F " FF H9 [072] A Bis- (2PCT/US2003/031080

4-di fl uoro-phenyl) -methanol 3 [073]
1- Brono- 2, 4-di fl uoro- 1- benzene ( 201.18 g, WO

2004/ 031148 PCT/ US2003/ 031080 ~- 1.04 nol) was
di ssol ved in anhydrous ether (1L). Butyl [lithium
En]lng):}% én(oq. f5 twg.:‘,s’ ?]iﬁlosgolgr?eld? iV'P\IgS %d %%_u%t e_th7e.8f ((:1L?\{er Bg%yl

diffilwrarebenzavdeysds (2, 140.6m0) @3 ekl was -addee:
dropwi se to maintain the tenperature bel ow -65 C. The
r &X&G &P MUUHSS -wad fdeowe 8150 avarm’8pCto Redm

W TR R Pre ot 8 Rt el TC s Bres

amd-dohe. s eaduee oas nrd se thas textpeasitedewbieh oet ket €2 X The

“ﬁéaégy%n mixture was allowed to warm up to room
temperature overnight. After quenching the reaction with
1IN HC1 (600 mL), the organic phase was separated and the
aqueoué phase was extracted with ether (2 x 1L). The
combined organic phases were washed with brine and dried
over sodium sulfate then evaporated to dryness. The
crude product 3 (quantitative yield) was used without

further purification.
[074] B) Bis-(2,4-difluorobenzhydryl) chloride 4

[075] To a solution of the crude 3 (273.37g, 1.07
mol), obtained as described above, in anhydrous benzene
(750 mL), was added thionyl chloride (88.2 mL)., 1.21
mol). The reaction was refluxed and monitored by TLC;
additional thionyl chloride (2 x 45 ml) wag added after
30 mins. After 1 hr. under refluxed, the reaction was
cooled to room temperature then evaporated under reduced
pressure. The residue was azeotroped with two charges of
heptanes and toluene to eliminate all traces of thionyl
chloride. Crude 4 obtained was used immediately in the

next step.

[076] C) 1-[Bis-~(2,4-difluoro-phenyl)-methyl]-

piperazine 6.

[077] Crude 4 (243.9 g, 0.89 mol) was dissolved in



conmbi ned organi ¢ phases were washed with brine and

dried over sodiumsulfate then evaporated to dryness.
wab@4/08riygle product 3 (quantitative yield) wasPCBEEH2003/031080

wi thout further purification. [074] B)

Bi s- (2, 4-di fl uor obenzhydryl) chl §i de 4 [075] To a

solution of the crude 3 (273. 37'95 1.07 nol), obtained

as descri bed above, in anhydrous benzene (750 ni),

V@%e%%%%%ﬁi@eog%ﬂ{S S%h Icrjnciri %%r?(D E}S.‘tpzer@‘ "n;/e ?‘I.';L%’las rg{%‘ld)e'd -Izhi%S g,

reaction was r uxe n ore

addligg ewal) .t hirets sdfihoidad® o2 e 43.4M.29%8S addeehol) was
after A 30 rains.,  After 1 hr. under refluxed, the

r EAATONTREE SEISITd Yt 0 FBbihce FFerCiPRe WRKFe A e T luxed
eVRRGIAlRE unden Jediend o pPr e e ffﬁag%;%dgg%gd the

azeotroped with two chargés o ept anes an
t & idltinsteatve saldvaoraeesdo furtderomdduceld priedeurer.udahd
obt aio.ped wa .useil ly in the next st 076]

O el S o P oo et O L) ehied

phieshRd RRIGedNTE1Crdd 4at43. S & sO.0B8R1NPLhd@s ine
di ssol ved i n WD 2004/ 031148 PCT/ US2003/ 031080 - 29

ace®nmli Feq 5356 1dy) Saiehipyarasiord us wad fadged [THE5
gadesa_ur%% gﬁj &OtGa_S(SZ'?).l’ym&ar ,on%t8eﬁ)( Jﬁrzys %%%’d :!:)nlom%lh)e next
was added under stirring, and the reaction was

r efdegx ed thower rfiughttherAfcter fdeeltiing,. mM xt ure was

filterg and the filtrate was evaporated under
reduce €7p§r]e?§ur2é.{4TH§156r(@déL‘\ﬁ&§ld’i°§§GWé‘@lﬁlﬁ et hy|
aGRIH Hih L hen Aq el Y W r
(5 x 03&%) and br | near(iwséohg s PLCT R rbotth e
0RE G d@iriimbsiivlatestefh@ - desired product 6 (237.66 g,

SO VA SRRy en Yo Lurther

A pAlitfobdy@ia@ HRRENY -2 -piperidine-carboxylic acid (7, 78.48

met hyl | pi per azi ne- 1- car bonyl } - pi peri di ne-1-car boxylic
g, 0.34 mol) and triethylamine (95.4 ml, 0.68 mol) in
methylene chloride (2280 ml) was added pivaloyl chloride
(42.15 ml, 0.34 mol) dropwise at room temperature.
After the addition was complete, the solution was stirred
for 2 hrs. at room temperature then a solution of 6
(111.0 g, 0.34 mol) in methylene chloride (580 ml) was
added over 1 hr. The reaction mixture was stirred
overnight at room temperature, then washed with 10% NaOH
(4 x 1L) and brine (2 x 1L). The organic layer was dried
over sodium sulfate then evaporated under reduced
pressure. The resulting dried yellow foam was dried in a
high vacuum at room temperature to afford the pure

product 8 (184.49 g) in 92% vyield.

[080] E) {4-[Bis-(2,4-difluoro-phenyl)-methyl]-
piperazin-l-yl}-piperidin-2-yl-methanone 9

[081] To a solution of 2-{4-[Bis-(2,4-difluoro-



acid tert-butyl ester 8. [079] To a solution of
(S)-(-)-1-(tert-

wheaoanyaas bonyl ) - 2- pi peri di ne-carboxylic acid PTT/UFRO3H@31080
g, 0.34 nol) and triethylamne (95.4 m, 0.68 nol) in
met hyl ene chloride (2280 m) was @dded pi val oyl
chloride (42.15 m, 0.34 nol) dtopw se at room
tenperature Adter the addition was conplete, the

ut i f or hrs om.te r.at ur,.e
¢ R0 SRS i B r e g et Rl A LRIREIALNE
Cl'dao:rbcd@l(ﬁ:ﬁ&dﬂd) t\m badgad eeiterr Y 8hr. Ttbe 1zeaGtign .16
m xture was stirred overml%gt at _room t enper at ure,

t AEHP Was Hét MG T Lo kkdATice X 205) mdnd wesi reédegl dropwise
1lg; FIRE, Q-gani:¢ 5 Ao '%c& LT t‘%ﬂﬂ%elf@t%w fatGyg

t hen evaporated un re uce pressure e resudl't | ng
dm’@d:tyiedri ovftoam Was ditiledreidn far Bi glrsvacdfmeat theom

r r ff h r r 184. 4
Q%§5at%bﬁgto a f£ %0 %t%le% %g#g ;%m%v%d a%dg%he

{f’s'a[n@l% @%éc@nfdele&@t@laeaﬂ YRy Irhe crude was
pi perazi n-1-yl}-piperidin-2-yl-methanone 9 [081] To a

ltﬁ%%veé?f ip methygiege chlog-igler |(d80omAD 2004108hedgwith

PGT{ ol 30
phenyl ) - met h)%l g)%pén;lam neTh Ca ggﬁfl }la;‘{.eﬁe?”.a drlfd over

cadﬁaxmyd isoldeite ttéeh- ewbylorasieer u(n&)ex( Yadided, pFéskbre to

drgdﬂ)ﬁ slg tn%lO 0 5%21??’?‘%’%6 %3%( 7(2 %ll%:goéﬁl a light

t gEpaoat Wig.. Thee eack %&o@u@tuﬁv%sv‘@%ﬁtfh%ﬁe%yf or 3
hrs. After the reaction was conplete, volatiles were
r SHEPEG teedapky oBaipile Snwad @éﬁre@ﬁt ostled cilievdcuo. The

AR TR SRR 165 Y RS GRGaRe
| @ypsponas! @ iasd aowdr tesadilid sul f8&t6€ phensagapakraiiedmp=

u %Sr rgggced pressure to give 14.56 g of the
58nd 8- (90% yiel d) as a light yellow oil. The

crude po@queicwas YL fhed BY . - 436, m+2 m/z 437 (API-ES,
positive mode). Optical Rotation:[a ]p= -5.0° (¢ = 0.475
g/100 ml CHCl3). HPLC (column: 50 mm C18) Rt 3.973
mins. (97.93% pure).

[083] {4-[Bis-(2,4-difluoro-phenyl)-methyl]-
piperazin-1l-yl}-piperidin-2-yl-methanone dihydrochloride,
9.

[084] The compound 9 (5.59 g, 12.8 mmol) was
dissolved in 20 ml of methylene chloride and diluted with
200 ml of diethyl ether. An anhydrous solution of 1.0 M
HCl in diethyl ether (70 ml, 70 mmol) was added dropwise.
A precipitate formed and the after stirring for 1.5
hours, the precipitate was collected and dried under
vacuum at 50 °C to give the dihydrochloride salt, 6.06g.
HPLC (C1l8 column (150 mm)): Rt 4.784 mins. (100%

pure) .



chr omat ogr aphy on 340 g of silica gel (eluent:

CH2d 2/ MeOH NH4OH, 95/5/0.1) to give the desired
w@eoposnds 9 as a white solid (8.67 g, 54% yi el BCT/IP2603/031080

84-85 C). [082] MASS Spec: Mtl nmlz = 436, M2 mz 437

(APl -ES, positive node) . Optic Rotation.: [a ] D=

-5.0 (c = 0.475 ¢g/100 i CHdA 3)7~HPLC (colum: 50 mm

C18) Rt 3.973 mins. (97.93% pure). [083] {4- [Bis-

(2, 4-difluoro-phenyl) -methyl] -

pi perazin-1-y1}-piperidin-2-yl-nmet hanone

di hydr qgg8ord@gp19.2 [ 084] The conpound 9 (5.59 g,

12.8 mol ) was  dissolved in 20 m of nethyl ene

chloride and diluted with 200 ml of diethyl ether. An

anhydrou§ sol ution of ‘ st her (70

m, 70 DI )F was added gpw se. A pred tate forned

and t he er stP¥ring 1.5 hours, the precipjtate

was col | ect ed—ang drtegd 8y —vactunra, t oGt yE—>

the dihydrochl drirde sal't, [6.06g. HPLC : urmyf "

(150 M f* Rt 4.%84 mins. 00% pure). WO 2¢04/F031148

PCT/ US2003/ 03108G1° - 31- ['h86] Exanple 2 F¥ FF F F ¥

1. nBuLi, -78-78'C | hr SOC12, benzene K2CCB, CH3CN.

2 FHOI F Fe.~NH Br F HNI J 11 CHO 13 F 14 F 5 12

F

1) tBuCO-Cl,

Et3N, CHyCly //\N
L \) O
N PN N N F
| ® .

'S e 1

15 F

[086] A) Bis-(3,4-difluoro-phenyl)-methanol 13.

[087] 3,4-Difluoro-l-bromobenzene 11 (200 g, 1.04
mol) was dissolved in dry diethyl ether (1000 ml). A
solution of n-butyl lithium (1.6M in hexane) (660 ml,
1.06 mol, 1.2 eq) was added at -78 C over 1 hr. under



F NI HBF 15 FFF 1) tBuCOd, Et3N, CHC12 N OH

2) FNF BOCOl e BOCF 7 H\NWN~ 16 F 15 FFF N
WOR00E/03H4d 17 [086] A) Bis- (3, 4-difl uoro- phreyu$2003/031080

-met hanol 13. [087] 3, 4-Difluoro-I-bronobenzene 11

(200 g, 1.04 nol) was dissol ve%é' n dry diethyl ether

(1000 m). A solution of n-but Tithium (1.6Min

hexane) (660 m, 1.06 nol, 1.2 eq) was added at -78 C

over . u 04/ 031148 PCT/ US2Q03/ 031080 _ - 32
it 2R AN TS R g7 ¢ sor
f emotanat Pemhrd .hr sndardhdrhen 43 .A-fdiddredeehensridehyde (146
12 (146 g, 1.0 e% was_ added dropwi se with the

t hper-dt % kdps v ArrpvE seTHE the dds dremmorafvee kept

vase 13k e &, - AL r o D it 1B Fm%%c_tsitl‘%l'}e‘é]a%mdm c

warnmed slowy to room tenperature overnight.

(500 @ hnsas ddeddertion was warmed slowly to room
temperature overnight. 1IN HCl (500 ml) was added to
quench the reaction. The organic phase was separated and
the aqueous phase was extracted with diethyl ether (2 x
600ml) . The combined organic phase was washed with brine
(2 x 500 ml) and dried over sodium sulfate. After
removal of solvent, 258 g (98%) of crude 13 was obtained

as a brown oil. This crude product was used for the next

reaction without further purification.

[088] B) Bis-(3,4-difluorobenzhydryl) chloride 14.

[089] Thionyl chloride (136.8 g, 1.15 mol, 1.15 eq.)
was added dropwise to a solution of 13 (258 g, 1 mol) in
dry benzene (750 ml). The reaction was refluxed and
monitored by TLC. After 2 hrs., additional thionyl
chloride (68 g, 0.57 mol) was added. After another 1lhr
at reflux, the reaction was colled then evaporated under
reduced pressure. Two charges of heptane and toluene
were used to azeoptropically remove remaining traces of
thionyl chloride, providing 268 g (97%) of crude 14 as a

brown oil.

[090] C) 1-(Bis-(3,4-difluorophenyl)-methyl)-
piperazine 15.

[091] Crude 14 (248 g, 0.9 mol) was dissolved in
acetonitrile (1400 ml) and piperazine 5 (752.6 g, 8.7
mol, 9.7 eq) was added. Potassium carbonate (145 g, 1.15

mol, 1.2 eq) was added with stirring, and the reaction



guench the reaction. The organi c phase was separated

and the aqueous phase was extracted w th diethyl
we@dwe/031(128 X 600m ). The combi ned organi ¢ phasEPCTES2003/031080

washed with brine (2 x 500 m) and dried over sodium

sul fate. After renoval of sol v\e\# 258 g (98% of

crude 13 was obtained as a brown oil. This crude

product was used for the next reaction wthout

f 088] : ;
B%alé(q%r ﬁgﬁﬁf uor o %dr yﬁf%?:%‘-i §de ey, thepggpture was
THiidmydrezhlaord dehe Zh‘iiﬂ,t&ag',e iakb amlporktkd @Ghder %‘éssure
ad ed dropwi se to g solution of 13 (258 g, 1 nol)

FEF AYSSOMEG dac Mesives e erlgwddienrs 000

nﬁﬂlto&%%ﬂ%ﬁ-Wﬁ%hﬂﬁgﬁﬂfé%55§x)éggg%} naloid mﬂ 400

chl or'i de (68 g, 0.57 nol) was a ter Snot hér
atmlefangk brtime r(&ddx |Irdd wafsi cloiilegd ctvfee:n sdEpOT aat1ﬂ1fate.

reduced pr ar hepta e and
torl‘fuene e\/\H/ef)rveaciusete dpt r@% @glqsfy er‘ﬁ?\?e hgs @

t raees @il .t hi onyl chI oride, providing 268 g (97% of
crude 14 as a brown oil. [090] C 1- (Bis- (3,
4-di f | uor ophenyl) nethyl) - piperazine 15. [091]

Crude 412 sol ved.in
acetomJf r|]I 338)( %40@l rﬁE’)“D e’ p| pe OFe BheryZ ) empthyl) -
MHipeFaz ieg)- was radand. ) -Papassidimccar-kerdox (1446 s@id tert-
1:&3@/ I, 1.26%q) was added with stirring, and the
i'oif W62d®4/ 031148 PCT/ US2003/ 031080 - 33 was ‘
reflux t oI| t he re was
? the%:yll gl 5%%][50 14 eg] 17€q.) was

filtere trate was rat
raek?@sﬁreiropmer e:snectué s adt &sa@lrwexdamemmmé ene a

I 0 SRR,
om@m@lm@@tﬂﬁoaéyqlc /Afdler 7' qaR\aly, Of osaverh) 304 9
of 15 was obtained as a brown oil.
triethylamine (89 g, 0.88 mol, 2.0 eqg) in methylene
chloride (1500 ml). After stirring another 2 hrs at room
temperature, a solution of 15 (143 g, 0.44 mol) in
methylene chloride (500 ml) was added over 2 hrs. The
reaction mixture was stirred overnight at room
temperature, then washed with NaOH (1IN, 800 ml) and brine
(2 x 500 ml) and dried over sodium sulfate. After
removal of solvent, the crude product was purified by
chromatography on silica gel (heptane/ethyl
acetate/triethylamine = 50/50/1) to give 188g (80%) of
pure 16 as a colorless oil.
[094] E) (4-(Bis-(3,4-difluoro-phenyl)-
methyl)piperazine-1-yl)-piperidin-2-yl-methanone 17
[095] Trifluoroacetic acid (700 ml, 9.1 mol) was
added to a solution of 16 (187.8 g, 0.35 mol) in

methylene chloride (2000 ml) over 2 hrs. at room

temperature. After stirring 1 hr at room temperature,



[092] D) 2- (4- (Bis- (3, 4-difluoro-phenyl) -nethyl)
- Pi perazi ne-| -carbonyl)-pi peridine-1-carboxylic acid

wo eson/03t1ug vl ester 16 [093] Pival oyl chloride P&BYS2003/031080
0.44 not, 1 eq.) was added dropwi se over 1 hr at room
tenperature to a solution of
(S)-(+)-1-(tert-but oxycarbonyl) %ﬁ
plperldlnecarboxyllc acid 7 (100 g, O 44 nol) and

orl e%%?s 8&%?GQEA eggtg8£ aad %eﬁgr@%gh¥gﬁoved

ter stirring Sqnot
r@@mExteﬂpemamur@heareehdheomaefré&16£é3vgd On44r.nol )

gg chI ride goo m.) . was added over 2 hrs
TW@t 1t tler e WRatedt i rBd 1By NPRIgHE &t PBOW@ and

t epmeeal Qr§< 6bbeﬁ1wahadd%ea beeH %&Hauﬁogu@katénd After
brine (2 X m ) and dried over sodium sulf

ﬁﬁ@pvaﬂenmv§b1@En§othenpruﬂhepcpddetpwedupUrmésed on

r|f|ed b chr togra Q ilica I .
(hepﬁaﬁep ¥h§ t%wﬁ FE?%@%ﬁ??%ﬁ?%@nﬁﬁéﬁpgﬁﬁiYmto
ghyed?r&&gd(eSe%]j(ﬂl/Opr)etEngaS'ealQQI gr béspuekl 17[ 8844
E) ﬁ - (Bis- (3, 4-difluoro-phenyl) -
nECRYEY SEFePaZi-ne- | -yl ) - pi peri di n- 2- yl - met hanone 17
[095] Trifluoroacetic acid (700 m, 9.1 nol) was added
to a solution of 16 (187.8 g, 0.35 nol) in nethylene
chl ori 6] 2086 snSpeover M21hmgz at 4BEONRAPIEEREr abHieive
After stirring 1 hr at roomtenperature, WO

20040311298t PCTLUB206%/08108010-34-TLC Ronedl- THRPY 1RO ml
r n S n r v er m . The
R4, 1 B0 SLYE Lo G, PR WOOeT YopIDe (50

w&shed with 1IN NaOH (2 x 600 m) and brine (2 x 600

m ) and dried over sodiumsulfate. After renoval or
sol vent the crude product was purified on silica ge

7ot S, 59,7, 18 g Sogal Ty g ce -
methyl)plpera21ne 1- yl) plperldln 2-yl-methanone
dihydrochloride, 17
1098] The compound 17 (5.2 g, 11.9 mmol) was
dissolved in 20 ml of methylene chloride and diluted with
200 ml of diethyl ether. An anhydrous solution of 1.0 M
HC1l in diethyl ether (70 ml, 70 mmol) was added dropwise.
A precipitate formed and the after stirring for 1.5
hours, the precipitate was collected and dried under

vacuum at 50 °C to give the dihydrochloride salt, 6.03 g.
HPLC (C18 column (150 mm)): Rt 4.971 mins. (100% pure).

[099]
[0100] Example 3



colorless oil. [096] Mass Spec: M+l niz = 436 (API-ES,

positive node). Optical Rotation: [(err)]D=-2.7 (c
we2@453848/ 100 M CHC13) . HPLC (C18 col unmm (BOI/I&30p3/031080

Rt 4.007 mins. (99.7 9% . 0 [097] F) (4- (Bis- (3,

4-di f | uor o- phenyl) - 35

nethyl)piperazine-l-yl)-piperidi%-?-yl-nethanone

di hydrochl oride, 17 [098] The conpound 17 (5.2 g, 11.9

mol ) was dissolved in 20 Ml of nethylene chl ogi de

and diluted with 200 m of diethyl ether.

anhydrous solution of 1.0 M HQA in diethyl etgg} (70
m 0 mmol ) was added dr | se. reC|p|t farmed
and the af tcosdiiet,Ni ng f o 5 h s, the i pitate
washc o ecrgd—and—dr%ed uum at 50 C t¥ give_
t he sacloydr otW%ri de sal't @Oﬁ g HALC (C18 col um
(150 mm): Rt 4.971 mins 108®% pure)]. [099] [0100]
Exanpl e 3 WD 2004/ 031148 PCT/U82003/031080 -35 H N
N) OHtBuCOOd, Et3NNF 124 I/ F BOC CHzCl, B 7 26
F F\ I\ HZ (g), Et OAcN N F CN N F

HCI (), EtOAc N l.i
oo, e AT
F
[0101] 27 28

[0102] A) 2-{4-[Bis- (4-fluoro-phenyl) -methyl] -
piperazine—l—carbonyl}—piperidinefl-carboxylic acid tert-
butyl ester 27

[0103] Pivaloyl chloride (4.3 ml, 34.9 mmol) was

.added dropwise over 15 mins. at room temperature to a
Soluﬁion of (S)-(+)-1-(tert-butoxycarbonyl)-2-
piperidinecarboxylic acid (8 g, 34.89 mmol) and
triethylamine (12.5 ml, 90 mmol) in methylene chloride
(150 ml). After stirring for 1.5 hrs., a solution of 1-
bis-(4,4’'-difluoro-benzhydryl)piperazine (9.51 g, 33
mmol) in methylene chloride (100 ml) was added over 1.5
hrs. and the reaction stirred at room temperature
overnight. The reaction was washed with 1IN sodium
hydroxide ( 2 x 100 ml) and brine and the organic layer
dried over anhydrous sodium sulfate. After removal of
solvent, the crude product was purified by chromatography
(Silica gel) eluting with methylene chloride/ethyl
acetate (7/3) to afford 16.5 g (quantitative vield) of



H BOC [0101] 27 28 [0102] A 2-{4- [Bis-
(4-fluoro-phenyl) -nethyl] -

w@Renamue- | - car bonyl } - pi peri di ne-| - car boxyl i BCEHUSZIN3/031080
tert- butyl ester 27 [0103] Pivaloyl chloride (4.3 m,
34.9 mmol ) was added dropw se oyer 15 mns. at room
tenperature to a solution of
(S)-(+)-1-(tert-butoxycarbonyl)-2 piperidinecarboxylic

aci.d_ ( ; . ) and triethylamne (12.5 m, 90
mcr%l% (?%Eglrrre%éﬁ%e chloride (150 m). After stirring

for 1. 50004y B &0 i oOffikioro-phenyl) -
bis-(4,4' -difluoro-benzhydryl)piperazine (9.51 g, 33
mst YRy H B A wHee chivor) ﬁelqemoinmﬁ “Wels-Rtdwdh e r

1.5 niso ihe ggeaction stirred at roomtenperature
over nklr%ht(? The reacti on was washed with I N sodi um

hydroxide ( 2 x 100 nl) and brine and the organic
| ayer 8r'5e]d over anhydrous sodiumsulfate. After .
r emovall 13¢ ol Yeftist He Trurre mhaiuet) wespuri-fdieeuszine-
c s (Sidis ol 1 i
CH ori dkg%(get hyl 1%%%%%%%7/%%1@%%&%9:0‘;&&52&6%% Byl ester
(qUEN148 ati Va3 yiredd) vofs D 200A/@B LIS thyl acetate (250
(Pi{ﬂ )(USIZIgS%? Si/cgloﬁ"ﬁotg 3}00 :53[) ﬁc'e.n; :%%hgfecf'rl oruesd IPyr rdo%cetri c[hQL]bq:A_ri;ldeB)was
ﬁﬁ%ﬁbﬂ Ifziﬁtt_ébéi mg% syllutiperdide ey lrmihanene o

[ rochl ori de . .
[ RYATR LRG| ydhe phasiDitatcpweas figdrexsche washed
1.6 YVl Pl [ i ng:dl-car ' ' rt.-
cof P REIE! ERLE M P R, MR X o
acdtfed (12607 griof arick cleeieed @rodctAnhydr ous

hydr ogen chl ori de was bubbled into the solution and
after 15 mnutes a precipitate forned. The

preci pifppody mess fddder edsrwashed = 400.4 (ES, positive
mode)
HPLC (C1l8 column (150 mm)) Rt 3.847 mins. (100%).
[0107] Example 4.

[0108] Neuroprotection Assay

[0109] The ventral mesencephalic region was dissected
out of embryonic day 15 Sprague-Dawley rat embryos
(Harlan), dissociated into single cell suspension by a
combination of trypsinization and trituration (Costantini
et al., Neurobiol Dis., pp. 97-106 (1998). Dissociated
VM cells were plated into poly-L-ornithine-coated 96-well
plates at a density of 85,000 cells/well in 100 uL of
DMEM supplemented with 18% heat-inactivated horse serum,
0.24% glucose, 2 mM glutamine and 50 u/ml pernicillin/
streptomycin and incubated in a 5% CO; incubator. After
one day in culture (DIV1l), the medium was replaced with

100 uL of a defined medium (DMEM supplemented with 1x N2



with diethyl ether and dried under vacuumat 50 Cto

afford 15.7 g of the desired product [0106] Mass Spec:
wokd40braass 400. 4 (ES, positive node) HPLC ( ClBCT/OB20031031080

(150 Mmm) Rt 3.847 mins. (100% . [0107] Exanple 4.

[0108] Neuroprotection Assay [Olgz] The ventr al

nmesencephal i ¢ regi on was di ssected out of enbryonic

day 15 Sprague-Dawl ey rat enbryos (Harlan),

di ssqci at-ed, i.nt inal e I, s ensi on, by a ,

coC?Trofq{ﬁta lllgn((%l?bforiép@%m zd;'?‘%do{h g;h?}gc%srel t %r 5‘%{4 Srutamine, and

(Gatwntisyml eergilcil Newrshtad t dahioin)PRor}&iithg DMSO or

(1998). Dissociated VMcells were plated into

pOT3EHQWT A GRS B 98- \idle cqmguesisatoty rsi ty

of; el | [ : PMVEM s Lk

W %rﬁ%l%%)%hrg'at (%{n \gﬁgt\kv'a?le oér%’lécelogsoetr um 18‘1‘55&21 % g'{?%ﬂém (?’Lgl ed,uced

2 bpM ey taaid insl can ob 5 0ray idu p erariasird Hdat/i orst resfppttdmg/ci n

and incubated in a 5% Q02 incubator. After ne day in
ST ek Ao nabie b G e hibhres
Ofwer el efd Aash et ivkiray RIVEM SRl et e Ao Hou R MM the
2004/ 031148 PCT/ US2003/ 031080 -37 cocktai l '
(GHREBROL Uk Ligo tommoupd g Warariarsesaril woing high
unjds/ . pend cil Linlst [ ak.ni ng [

v ST R paioR, LERARRY Sk sBTLC LS, A0pPYRsut

i muEntisdred @y Mark ayelinhexicl irotcaxi [(BdaijruResnags 599, pp.

[ e addition of various concentrations of

't @_%gldu(tj%yrﬁaé)g Teceptor agoni st NVDA (100-400 MV).

Cul t ur ggr100ERE ITRated Wt 4 iy f

hour s gnd_m effects ofd%}e%}%vﬁiﬁ %%ﬁn S V\té%es assay
asEEs st imish e dnimghvndsf famithyl SHrdereaniare upt ake

according to a procedure published by Park and

Mytilineou [Brain Res., 599, pp. 83-97 (1992)].

[ 0110] Toe1]akis el ow &hgysuddiediesuldys, of this assay

VRT DAT DRG
# (VM) neurite
IC50 outgrowth
(nM)
28 12 +
9 145 n.d.
17 6 n.d.

[0112] It is expected that all compounds of this
invention will show detectable activity in this assay.

[0113] while we have described a number of embodiments
of this invention, it is apparent that our basic examples

may be altered to provide other embodiments which utilize



for various conmpounds of this invention. [0111] Table
1. Compound Activity. VRT DAT DRG# (VM neurite

wo agwd/osutggromh (nM 28 12 + 9 145 n.d. 17 BCTUS2003/031080
[0112] It is expected that all conpounds of this
invention wll show detectable Qﬁ%lVlty in this assay.
[0113] While we have descrlbed a hunber of enbodi nents
of this invention, i s apparent that our basic

whie 'u%maﬁ"?%i%n?oé* o1 £ peH Aoy A (4080 g eTore,

t hiec caImo d sippiddirtted s heft tdheS dddventdforthis invention
Therefore, _it will be appreciated that the scope of

t Hiss Ghwshdedineds bivo the dememsiechy Saﬁﬁéﬂ?@é”d than by
Cltﬁié.r%ﬂeﬁ:tlﬁr telﬁ@'& ﬁ‘nentele vﬁﬂ%%f fkfaQree @%%91' %’ﬂ&%s‘@ft@& by
have béen represented by way exanpl e. '
2064/ OF1 B4&RCH.US2003/ 031080 -39- CLAIMS W claim
1. A conpound of the formula: 0 Q)~YBNI X P
wherein: each Qis a 3-7 nmenbered nonocyclic saturated
or partially unsaturated ring having 1-4 heteroatons
selected fromN, 0 or S



wherein up to 4 hydrogen atons in Q are optionally
and i ndependently replaced with halo, -CH =0,

WoebbodR1114§ C1- C6) -straight or branched al kyl, BEF/US2003/031080
substituted- (Cl-C6) -straight gyg_branched al kyl,
(C2-C6) - straight or branched al kenyl or al kynyl,
Ar-substituted- (C2-C6) -straight or branched al kenyl
or alkynyl, O (Cl-C6)CLARIY ai ght or branched al kyl ,
0- (H5:G0) -straight or branched al kyl]-Ar,
O(@—%—ﬁ- =strai ght or branched al kenyl or alkynyl,
0-[ (C2- C6) - stirai ght canpdrrahcfedhal kenyhlos

al kynyl]-Ar, or O Ar; wherein Q has at |east one NH
ring atom g¢f oup; ch Rl is independently selected
from (Cl- - st raiygh.tB or branched al kyl,

Ar - subst jtut /(Cz’ C6) straight or branched al kyl,

cycl oal kyl -supstityted-(Cl- C6)-strai ght or branched
al kyl, (C2-C6N_-stnaight or branched al kenyl or
al kynyl, or Ar- stituted-(C2-C6)- straight or
branched al kenyl dt al kymsHerewherein one to two CH2

groups of sai | kyl . al |, or _alkynyl chains in

Rl are opti oﬁgfﬁyéalr% g n%gigéﬁg%ﬁfﬁ m?%?)%lyé:éé& WPEHrpted

g, S Dart3ad)z, uﬁﬁ@t)laﬂftdﬂ R2hg hﬁe?ﬁ%m—bw}%dt&ﬁaitsmsl
ound t i t.rogen, e CH2 group o oun irectly

to és]eglleé:q_‘r(ﬁ r%galgﬁﬁ’ca%nodi e replaced with C(0); Ar is

sel ected frowhphehylyp kaphthybger MW2004/ 634148

PCT(; %S%%%gﬁOSlO{?Oi - 40 I’%E_Iyl , I ndenyl, azul enyl,
2- fUFYICRa Y UFYT T 2%RG Ly’ sepipees Wit RaledyrOH, =0,
3- pﬂgwcd?ﬂ i ((41-—|0:w+$1?/1}a|;i93w load blk_ancllaé@za:iwl,l _tAlg!-azrl yl,
i m dazol. yr axo ,. pyrazolinyl, yraol i di nyl,
| SORRFOTy oS bEntayob 7o i o5 PoRaGRABRbRYL,  (Ca=Ce) -
1, & t¥dighaz 6k ybradclddditcadhago! ¥y 2, 4or ka2 oty ea-
1, 2( 4- o;}adl azolyl, 1,2,4-thiadiazol ?ﬁ
1, 237 b it 8Py ] O DeRIDRS) yHHkepyii ez Hpmy - 0= (Ci-Co) -
pyrd dfadighy! or 4pPymdradisn%ya , SoPY [ &0l Dyl o RW@ZNY!
branched alkyl]-Ar, O0-(Cy-C¢)-straight or branched alkenyl
or alkynyl, O-[(Cy-Cs)-straight or branched alkenyl or
alkynyl]-Ar, or O-Ar;
wherein Q has at least one NH ring atom group;
each R' is independently selected from (Ci-Cg)-
straight or branched alkyl, Ar-substituted- (Cy-Cg) -
straight or branched alkyl, cycloalkyl-substituted- (C;-
Ce¢) -straight or branched alkyl, (Cy-Cs)-straight or
branched alkenyl or alkynyl, or Ar-substituted- (Cy3-Cg) -
straight or branched alkenyl or alkynyl; wherein
one to two CH; groups of said alkyl, alkenyl, or
alkynyl chains in R! are optionally and independently
replaced with O, S, S(0), S(0)z, C(0) or N(R?) , wherein
when R! is bound to nitrogen, the CH, group of R!' bound
directly to said nitrogen cannot be replaced with C(0O) ;

Ar is selected from phenyl, l-naphthyl, 2-



1,3,5-triazinyl, 1,3,5-trithianyl, indolizinyl,

i ndolyl, isoindolyl, 3Hindolyl, indolinyl,
whewaoptas ur anyl , benzo[ b]t hi ophenyl, 1H i ndaroi/¥s2003/031080
benzi m dazol yl, benzthi azol yl, -p@+ti nyl,

4H qui nol i zi nyl, quinolinyl,
1, 2, 3, 4-tetrahydroi soqui nolinyl, isoquinolinyl,
1, 2p8pUchylet rlah%mbwdqubnolémnyl,, Gifrumetli, nnyuryl, 2-thienyl,

ht alf Z i-noxal i n
2 8§ngp ]ﬁg yFl% ? Y?ﬁﬁ%&‘ hBﬁFg§¥¥y PeES e
nnnoxyzblﬁlpﬁjhmapdb&c imi@hzdmﬁugmyﬁmheﬁyin ﬁ%gékdﬂﬂﬂyl,
consi sts 5to ri ng. at ons erein each ring
conBVf%%%?%qu} 31ﬁ8§8?85¥%n&?Sﬁﬁ%ﬁ@ﬁ@ﬁ@intFy 258t ect ed
f r o6xdi&z01F1,S,1,8her ek DaganiL Ar 1,3 @pt:h@aaiéyomd 1,2,4-
[ substituted wth one to thr

d |
Iszbg{g??ﬁ%ﬂ}]sysél éctel=pribntoHal o, 1h§dﬁloi‘<blaﬂm%1yl

- SOBH2 , FQAnhAdd ifdA6Ka et Byhoxaddivil, UO%%H?HQQi(ﬂyl 2-
(C1- C6) straight or branched al kyl C6) -'strai ght

or BYaHeHEA] keﬁylpyrem{“@{flﬂ@G)5‘§ﬂ’Fafn§ﬁf-nb¥ Wy e d .

al kyl 3, Lkﬁﬂé;g syrali ch _—
0- benzy? hg@) % g %ﬁ&réiai%e oxsgd?ikgﬂ%%g ndodyl,

n
carb%&&@d°#¥%<3fﬂé6n§9i&lgrﬁn 14ﬂwinché§29[hyfurﬁnyl
ﬁz @ﬂz?fﬂ]ﬂ!ﬂ%h%ﬁy@r angheds Al dsgny! be Eﬁﬁ%%ﬂﬁs

- _strai ght or branched
C2- Eﬁn§¥h%ﬂ%ﬂﬁylorPﬁraﬂﬁhedﬂ*anwéﬁﬁhylnzlbo&@nmqkﬁnyl

N- (@12 Cﬁ @ltr@dr%l?l&dQ(nQB X'g)lkyllsog‘[ll%l:%ft I 81I %h% 4-

or branched al kenyl) onam
N, hFatr%hmdnggxgmpépghﬂ otimpclhctydd mhkiblarinyl,

C2- al.kenyl Ifo esy
eac%égﬁéiéiﬁHy R%ﬁé?éQS% &é%t ?ngﬁgc%g%F¥#unnﬁmsny
2002171]@@111@@Hﬁ@ﬂw82®ea$mn@8®noc4tlaeleﬁ6blsy¢mcghtlngr

bra al_kyl ) -stral ht or .branched al kenyl
gf%f%&l Iﬂ%%g%ﬁgﬁ phemny 1<% lﬁéﬁzoF;E g?hﬁﬁﬁ?giﬁtﬂ§s
andaﬂd-wh&rdxﬂ<eachogeh@e¢ompﬁﬂsdshe nstogemerdﬁmﬁm§(3

\f/]\lglt glg%é hee dentﬁéfb%%[ﬂeCEedf&_{orpn %I 5 O, Ornge whereln

each Ar is optionally and independently
substituted with one to three substituents selected from
halo, hydroxy, nitro, -SO3H, =0, trifluoromethyl,
trifluoromethoxy, (C;-Cs)-straight or branched alkyl, (Ci-
Ce) -straight or branched alkenyl, 0-[(C:-Cg¢)-straight or
branched alkyl], O-[(C1-Cg)-straight or branched alkenyl],
O-benzyl, O-phenyl, 1,2-methylenedioxy, - (R®)(R?),
carboxyl, N-(Cy-Cg-straight or branched alkyl or C;~Cg-
straight or branched alkenyl) carboxamides, N,N-di- (C;-Ce-
straight or branched alkyl or C;-Cs-straight or branched
alkenyl) carboxamides, N-(C;-Ce-straight or branched alkyl
or Cp-C¢~straight or branched alkenyl) sulfonamides, or
N,N-di- (C1-Ce-straight or branched alkyl or C2-C6-straight
or branched alkenyl) sulfonamides;

each of R’ and R? are independently selected from



each R2 is independently selected from hydrogen, (Cl1-

C6) -strai ght or branched al kyl, or (C2-C6) -straight
woeoo4losamshed al kenyl or al kynyl.; X is sel ect eAI/U82903/031080

C(R2)2, NN N(R2) , 0, S, S(O,_g40or S(0)2 Y is

sel ected froma bond, -0-, (Cl-C6)-straight or

branched) al kyl, or (C2-C6)-straight or branched)

al kéyHCshr st &gyt ;omitenachey alghionded-to tdeaight or

depj i iga a single _bond . or a double bond; and
ChobEithed Wik 8ot MRS Mgt o oy ficRenivL

al kenybhemsin &kyngl r4 &r@pthbﬁal&%ge’m@ﬂ wdeaeeﬂ@rh%iRa/rogen
replaced with 0, .S, S (0) , S(0). 2, C(0) or N ;
p i%g?fl OL10 8\53591 EREHK GF‘&A})’W §(‘ﬁ $OrMdep ﬁ%ﬂé?ﬁqﬂf&ﬁr e

sel eet @bdyamc idgegen or Ar; or one of Aor Bis
absent; and wherein two carbon ring atons in the

depi ct ed®2FH iy $er irteRdeay lBeseiaker tir whévsmosher (Ci-
ViaC@—@&I@égh%tBﬁiﬁﬁﬁnéﬂé®”a1991§_gg'gﬁ— %%@éﬁﬂgight oa

al kenyl to create a bicyclic noiety. 2. The conpoun
acc%%’%ﬁlﬁgedt G 1R or I Qis selected froma 5

to 6 menbered partibablyeq UNSAT Waked & wk#y,gloé s, s(0),

saturated heterocyclic ring containing a sin
unse®stiQuted nitrogen ring atom 3. The conpound

accordi ng toyclhai @2 rel Qubsgsel gct ed f rom .
pi perid-2-yl or pyrr%ldli\%:f -yc{?r: & opt Fonar| Y% dbg:fﬂsut-treadlght
at eheéwmales)r pafyéar eon(CGt-6ms-stwistllyhshemybranetdiy)l

or bydeaxy .o Q 0 PCY YS20034031080,, - 42 4.
The porrr%)(;ur%: a%%%ggéhy%%ﬁ%ﬁnﬂm ,1§ g\%ﬁ%ggi R ORe |d§ep1Cted
sel eEt@ed i emsiayleshondtomizgliouslleybend Clar®wherein one

T e e e
(Crejnwlt rial gttionally and independently replaced with O,
S, S(0), 8(0)z, C(O) or N(R);
p is 0, 1 or 2;
each of A and B is independently selected from
hydrogen or Ar; or one of A or B is absent; and
wherein two carbon ring atoms in the depicted
ring structure may be linked to one another via a C1-Cy4
straight alkyl or a C;-C4 straight alkenyl to create a

bicyclic moiety.

2. The compound according to claim 1, wherein
Q is selected from a 5 to 6 membered partially
unsaturated or fully saturated heterocyclic ring

containing a single unsubstituted nitrogen ring atom.

3. The compound according to claim 2, wherein
Q is selected from piperid-2-yl or pyrrolid-2-y1,
optionally substituted at one of the ring carbon atoms

with phenyl, methyl or hydroxy.



or branched al kenyl-Ar. 5. The conpound according to
claim4, wherein Rl is selected fromnethyl, ethyl,

wo gi2iophiegsyl , - CH2- et hyl phenyl, - CH2- et hoxyp¢Eng1003/031080
- CH2- f | uor ophenyl, -CH2-difl uor?bphenyl
- CH2- CH2- phenyl , - CH2-cycl opr opy CH2-CH=C (CH3) 2,

- CH2- CH=CH2, or -CH2- CH=CH phenyl. 6. The conpound
according to claiml1, wherein: pis Oor 1; Xis Cor

N, and Y is a bongd, -0- Ci—éi or -CH=. 7. The _
conmpound accordi nghfeoc@f‘%??ﬁ SSREFaPE tenelafm A ophgrein
i s Beliectsed ebrem opdh of@mlk-ty) «?dﬂi&tligthb&t edxypherylcor-
optlonal%{ }gliytltuted pyrldg and the other of A o0

B i 853 Eth LoRTthy drogen; Bﬁ%qﬁaﬁ%kyéusgﬁt%&@dl
phenyd-cepps ety &U%&bhwé@daméﬂﬁw orOfcl o R08ePL i ght
8. The conpound _according to claim7, wherein A and %

eacﬂrl]%ré}rffd'@ﬁaeﬁ& fEYY-8%f ected from phenyl

chl orophenyl, dichl orophenyl, fluorophenyl, or

di f | uor ophenyl 9. The conpound according to claimS8,
wherein A afrd B 8BEhceEPquRfeperdsding tel eltiad 4 r oherein

f1 ugr apheaybcre@r sLid | he W0, 200
PCT! USS003] 6516807 a4 167 A M‘Y%und f“%% ol a

| A: ~Cig- mﬁthyhphemylﬁd+¢H2Jnethoxyphenyl —CHZ fluorophenyl,
-CH;-difluorophenyl, -CH;-CHy-phenyl, ~-CHz-cyclopropyl,
=CHz-CH=C (CHs3) 2, -CHy-CH=CH;, or -CH,-CH=CH-phenyl.

6. The compound according to claim 1,
wherein:

p is 0 or 1;

X is C or N; and

Y is a bond, -0-, -CH<, or —CH=.

7. The compound according to claim 1, wherein
one of A or B is selected from optionally substituted
phenyl or optionally substituted pyridyl and the other of
A or B is selected from hydrogen, optionally substituted
phenyl, optionally substituted pyridyl, or is absent.

8. The compound according to claim 7, wherein
A and B each is independently selected from phenyl,
chlorophenyl, dichlorophenyl, fluorophenyl, or
difluorophenyl.

9. The compound according to claim 8, wherein
A and B each is independently selected from fluorophenyl,

or difluorophenyl.



OlA wherein: nis 1 or 2; Aand B each is

i ndependently selected from phenyl, chlorophenyl,
waoelc@hloariagphenyl , fluorophenyl, or difl uor ophePgT/USH23/031080

The conmpound according to claimgf, wherein said

conmpound is selected fromany one of conpounds 9, 17,

or 28. 12. A conposition conprising a conpound

according to any &éfe of cbeparmmrdl hbheihd Formulamaunt

sufficient to stinulate nerve growmh or prevent

neur odegenerati on; and a pharnmaceutically acc

carrier. 13. The conposition according to claijm 12,

neurotrophic factor is /selected fro
factor (NGF), insulin-

nervelgrowt h
tor GF-1) and

its active truncated denMy suc glGF-1 and
Des(1-3)I1G~-1, acidic andﬂbasic i br obl ast growth
factor (aFGF and bFGF, respectilyely),

pl at el et -derived gromh WO 2004/4031148

PCT/ US2003/ 031080 -44 factors (PDGE), brain-derived
neurotrophic factor (BDNF), ciliary neurotrophic °
factors‘f ¥* glial cell line-derived neurotrophic
factor (GONF), igeuwrgtrpphin-3 (NT-3)and neurotrophin
4/5 (NT-4/5). 15. The conposition according to claim
12, wherein #s&rd Bofpdsiis dmdependentlat vl dadedofabm

or ﬁﬁ@ﬁyﬂﬁﬂaﬂlorégﬂéﬁ§§;réﬂdﬂﬂ%r%%h@n9§$ifiﬁorégﬁeﬂyﬁg or
conposition according to claim 13,
. ifluorophenyl.

11. The compound according to claim 10,
wherein said compound is selected from any one of

compounds 9, 17, or 28.

12. A composition comprising a compound
according to any one of claims 1 to 11 in an amount
sufficient to stimulate nerve growth or prevent

neurodegeneration; and a pharmaceutically acceptable

carrier.

13. The composition according to claim 12,

additionally comprising a neurotrophic factor.

14. The composition according to claim 13, wherein
said neurotrophic factor is selected from nerve growth
factor (NGF), insulin-like growth factor (IGF-1) and its
active truncated derivatives such as gIGF-1 and
Des(1-3)IGF-I, acidic and basic fibroblast growth factor
(aFGF and bFGF, respectively), platelet-derived growth



wherein said conposition is fornmulated for oral or
parenteral admnistration to a patient. 17. A nethod
wo e004f081an®t i Nng neuronal repair or preventing PETDSV85/031080

damage in a patient or in an ex.yivo nerve cell

conprising the step of adm nistering to said patient

or said cell an anpbunt of a conmpound sufficient to

pr ofetkags nERDGEal brrepaLdeﬁixaeaf] eiéﬁﬁfolh 't&fgpneulr oadtor (BDNF),

dama wher ei n  sai oun the formula:. . O QN

g>e'(EL B DRHS SR lgagﬁ TS %1\? B} nEhbat etell

rmndl(iyiél-ﬁérﬁaéwrrﬁz&dtrephp@rﬁdcaidry (ans@l Ur abeebtddithin-3

havi n% % (?eteroatorrs sel ected fromN, O or S

wher 8P A LPPE FHINIPBELR 4f DB /B)are optional Iy

and i ndependently replaced with halo, -CH =0,

=N- OR1, %Cl C6) -strai ght or branched al kyl, Ar-

subst i t ut2d- (e COTOSFL bi ghtawsionstiagc hedCapiy| 12, wherein

(C2s668- & @gmtono begpehed yl

Ar - substltuxtsed- (C2 ELE}DG)Eél-s,tralééjﬁhrf%gr Ogrggn%g%é%%rkteeﬁyl

or &PRYAYFETasiCol LesR- Pattenight or branched al kyl,

O[(Cl-C6)-straight or WD 2004/ 031148

PCT/ US2003/ 031080 -45 branched al kyl]-Ar, 0-(C2-C6)

-straight or llﬁran@hédcaﬂﬂnz@ﬁwmm@ca:lommy@ to claim 13,

0- rai C

Al e o o e Sper o 3 Aa e B vl g,

ri n@a-’é{ﬂ@mlg#lommmeachaﬂom std rdependehnt |y sel ect ed

from (Cl-C6)- straight or branched al kyl,

Ar-substituted-(Cl-C6) ,straight or branched al kyl,

cycl oal kyl - sultyst i funedh¢TIEorCHragotdnghteorodrianchedr or

g:E%%eYéé%&&yzkgﬁggﬁg?%?ﬁég?gﬁ?%g%%%ighgeg¥lié”an ex vivo
nerve cell comprising the step of administering to said

patient or said cell an amount of a compound sufficient
to promoting neuronal repair or preventing neuronal

damage, wherein sgaid compound has the formula:

0 0
-
o N A )
kwx
p , wherein:

each Q is a 3-7 membered monocyclic saturated
or partially unsaturated ring having 1-4 heteroatoms
selected from N, O or S;

wherein up to 4 hydrogen atoms in Q are
optionally and independently replaced with halo, -OH, =0,
=N-OR?, (C1-Cg) -straight or branched alkyl, Ar-
substituted- (C1-Cs) -straight or branched alkyl, (Cy-Cg)-
straight or branched alkenyl or alkynyl, Ar-substituted-
(C2-Cs) -straight or branched alkenyl or alkynyl, O0-(C1-Cq) -
straight or branched alkyl, 0-[(Ci1-C¢)-straight or



strai ght or branched al kenyl or al kynyl; wherein one

to two CH2 groups of said al kyl, al kenyl, or alkynyl
w@b@unsiieh R1 are optionally and i ndependent | yPCT/US2003/031080

replaced with 0, S, S(O, S(0)2,44(0) or N(R2),

wherein when Rl is bound to nitrogen, the CH2 group

of RL bound .directly to said nitrogen cannot be
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pyraolldlnyl, isoxazolyl, isothiazolyl, 1,2,3-

1,
1,
-1,

oxadiazolyl, 1,2,3-triazolyl, 1,3,4-thiadiazolyl, 1,2,4-
triazolyl, 1,2,4-oxadiazolyl, 1,2,4-thiadiazolyl,
1,2,3-thiadiazolyl, benoxazolyl, pyridazinyl, 2-
pyrimidinyl, 4-pyrimidinyl, 5-pyrimidinyl, pyrazinyl,
1,3,5-triazinyl, 1,3,5-trithianyl, indolizinyl, indolyl,
isoindolyl, 3H-indolyl, indolinyl, benzo[b]furanyl,
benzo[b]thiophenyl, 1H-indazolyl, benzimidazolyl,
benzthiazolyl, purinyl, 4H-quinolizinyl, quinolinyl,
1,2,3,4-tetrahydroisoquinolinyl, isoquinolinyl, 1,2,3,4-
tetrahydrogquinolinyl, cinnolinyl, phthalazinyl,
quinazolinyl, quinoxalinyl, 1,8-naphthyridinyl, or any
other chemically feasible monocyclic or bicyclic ring
system, wherein each ring comsists of 5 to 7 ring atoms

and wherein each ring comprises 0 to 3 heteroatoms



branched al kyl], O [(Cl-C6)-straight or branched

al kenyl'], 0-benzyl, O phenyl, 1, 2-nethyl enedi oxy,
WORMR3P3(IM) , carboxyl, N (Cl-C6-strai ght or PCEHNS1Ve3031080

al kyl or C2-C6-straight or brangfed al kenyl)
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benzyl or wherein R3 and R4 are taken together with
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t he depisstoddof R?® and R* are independently selected from
(C1-C¢) -straight or branched alkyl, (Cy-Cg) -~straight or

- branched alkenyl or alkynyl, hydrogen, phenyl or benzvyl;

or wherein R® and R® are taken together with the nitrogen
atom to which they are bound to form a 5-7 membered
heterocyclic ring;

R? is selected from hydrogen, (C1-Cg¢)-straight or
branched alkyl, or (C;-Cg)-straight or branched alkenyl or
alkynyl;

X is selected from C, N(R?), N, 0, S, S(0), or

S(0)2

Y is selected from a bond, -0-, (C1-Cs) —straight
or branched) alkyl, or (C;-Cg)-straight or branched)
alkenyl or alkynyl; wherein Y is bonded to the depicted
ring via a single bond or a double bond; and wherein one
to two of the CH; groups of said alkyl, alkenyl, or
alkynyl is optionally and independently replaced with o,
S, S(0), S(0)2, C(0) or N(R);

p is 0, 1 or 2;



ring structure may be linked to one another via a
Cl-4 straight alkyl or a C2-C4 straight al kenyl to
w@e@awal1a8s bicyclic noiety. 18. A nmethod for pPCIDE2003/031080
neuronal repair or preventing ngyronal damage in a
patient or in an ex vivo nerve cell, glial cell,
chromafin cell or stemcell 'conprising the step of
adni ni st eri ngdch o&i @ gadi®nts dhdegehdesel{ ferxmpeuRdon
accgrg'rg to _any one of clainms 1 to 11 in an anount
suf T eI eht™ tF pronBte neuronal repair or prevent

neuronal damegerell. thbecamidindiagCakdhnBgih Oord adPhilled
conpri si ng the additional step of admnistering to
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as a, separate dosage form 20. The nethod according

to RFEY P48 MoiEsipri sing the additional step of

adm nistering to said patient a neurotrophic factor
either as part of a nultiple dosage from together

wi th said cofpound ®ethed gfon @remeténdosaygeotal mep2ir or

Thepperdiad ¢ ¢etdbRg)  Safd Al Mrld gacdlne dbefeld) s8l d; .,
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neur ot F op |éaH¥Dactor &\}\_ﬁ P56P65199% onatl repalr or
PCTYpUSZO03/3310881 ddBagel i ary neurotrophic factors
(CNTF), glial cell line-derived neurotrophic factor
(GDNF), neurotrophin-3 (NT-3)and neurotrophin 4/5
(NT-4/5). 2219TheThethethat catdindgntote! @l 7.7,
Mheég%ﬂkising the additional step of administering to said
patient a neurotrophic factor either as part of a
multiple dosage from together with said compound or as a

separate dosage form.

20. The method according to'claim 18,
comprising the additional step of administering to said
patient a neurotrophic factor either as part of a
multiple dosage from together with said compound or as a

separate dosage form.

21. The method according to claim 19 or 20,
wherein said neurotrophic factor is selected from nerve
growth factor (NGF), insulin-like growth factor (IGF-1)
and its active truncated derivatives such as gIGF-1 and
Des (1-3)IGF-I, acidic and basic fibroblast growth factor
(aFGF and bFGF, respectively), platelet-derived growth

factors (PDGF), brain-derived neurotrophic factor (BDNF),



said nmethod is used to treat a patient suffering from
a di sease selected fromtrigem nal neural gia,

w@b@ssphias yngeal neural gia, Bell's Pal sy, nyasp¢iEnBm03/031080
gravi s, nuscul ar dystrophy, nusg+ i njury, progressive
muscul ar atrophy, progressive bulbar inherited
muscul ar atrophy, herniated, ruptured, or prolapsed
i nveitebraeeuwicgkopyndr fael ;s cenNtiEsal gspondydiasi s,

ple disorders, thoracic outlet destruction _
syngyﬁﬁé%?rﬁ¥§aﬁﬁﬁ@F8FrO FiredCOVEEh RRIEHgSehin-3
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mul tiple sclerosis, other central myelin disorders,

st roke éﬁﬁ“%é%%%ﬁ@aiés%%%id%b&lﬁﬁfhaspfﬁk%nt syefifiealing
par ppah hy ,d1qihek ‘aayé@r&ec@lw&%&b\éﬁigaft%ﬁéﬁ%lgi@?t or
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neuron di seases, sciatic injury, neuropa
assEPHARIP WnARadi BpetekyiapBedl ' soPdlsy) uniasthahdei al
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medi cati on-i nduced neuropat hi es, Huntington''s di séase,
and™pFBHEh atirephy | | perdrarsdiveehuébar suthemisdd fiugselar
Lewyerd3ady, Qﬂe%%@é@edAlﬂHﬁ;ih l5.S ?i gase- Lewy. Bod
variant, ~ Fam lial Britrs fren i%,ggg St¥inveTtebrae
Fr ofit Bt enperameDemesei el cad3 spPhdyfres hod wibeorsdidigokders,
cl aluB i JMIGLELD a8, JRLhod, g Used to Lreat
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t rinEHIrathiesr abgtla, as gllosepkanygadeay et aldgioaone,
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de%&fé&%&e@%,sggggﬁgmgkdK?%%hggggagssociated with stroke,
neural paropathy, other neural degenerative diseases,
motor neuron diseases, sciatic injury, neuropathy
associated with diabetes, spinal cord injuries, facial
nerve injury and other trauma, chemotherapy~ and other
medication-induced neuropathies, Huntington’s disease,
and protein fibrillization diseases, such as Diffuse Lewy
Body disease, Alzheimer's disease-Lewy Body variant,

Famillal British Dementia, and Frontotemporal Dementia.

23. The method according to claim 18, wherein
said method is used to treat a patient suffering
from a disease selected from trigeminal neuralgia,
glosspharyngeal neuralgia, Bell'’s Palsy, myasthenia
gravis, muscular dystrophy, muscle injury, progressive

muscular atrophy, progressive bulbar inherited muscular



neur opat hi es, such as those caused by | ead, dapsone,

ticks, or porphyria, other peripheral nyelin
wale@ansians, Al zhei ner's di sease, Qul | ai n- Bar rBCT/US2003/031080

syndrone, Parkinson's disease apd other Parkinsonian

di sorders, ALS, Tourette's syndrone, nultiple

sclerosis, other central nyelin disorders, stroke and
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said method is used to treat a patient suffering from a
disease selected from trigeminal neuralgia,
glosspharyngeal neuralgia, Bell’s Palsy, myasthenia
gravis, muscular dystrophy, muscle injury, progressive
muscular atrophy, progressive bulbar inherited muscular
atrophy, herniated, ruptured, or prolapsed invertebrae
disk syndrome’s, cervical spondylosis, plexus disorders,
thoracic outlet destruction syndromes, peripheral
neuropathies, such as those caused by lead, dapsone,
ticks, or porphyria, other peripheral myelin disorders,
Alzheimer’s disease, Gullain-Barre syndrome, Parkinson’s
disease and other Parkinsonian disorders, ALS, Tourette’s
syndrome, multiple sclerosis, other central myelin

disorders, stroke and ischemia associated with stroke,

neural paropathy, other neural degenerative diseases,



associ ated with di abetes, spinal cord injuries, facial
nerve injury and other trauma, chenotherapy- and other
woreaioatiu®on- i nduced neuropat hi es, Huntington' sPdi/E8z88031080
and protein fibrillization diseasgs, such as Diffuse
Lewy Body di sease, Al zheiner's disease-Levy Body
variant, Famlial British Denentia, and .
Frombobenpaidin Begeatea, 25iathhe imBLRGY aAseRsshilg tO
claim 21, wherei saijd method is used to treat a
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neuropat hi es, such as those cause , dapsong,
ticks, or porphyria, other peripheral nyelin

di sorders, zhekper. ' I aj. n-Bar .
syndr one, Pa?EFnsgﬂEsmétlézgggﬁgﬁ 8tgércg§?ﬁﬁﬁgoﬁﬁgﬁeln
diS@@@@ﬂ%ﬁjﬁESiSTgaﬁ@tt@'Sr&ﬂyﬁd&ﬁﬂéennu$mfﬁﬂninﬁ(fromda
scl [ e I eli.n_-disorders, stroke an
iscﬁ%%%%izgg%%%gfgd9%§$htg %%ﬁ&?al Redr a gﬁ%kopathy,

ot hgtosrrhradyrdegéneeata Veiali Seddes, Palmy ormpsedtimia

di seases iathc ipjur neur opathy, associated w th
di aget ASC 2‘%‘:8%3?850? SF%?%hrlf 'egfquF;LSi al i er W QSRS Ve
andmethierant redaooahy ¢ henodhesaipye banbaot hefierited muscular

nmed] i.on-i.nduce europat hies, Huntington's disease,
an dé%?%éhgf n BF f"gfe{i]z a]flf‘%%urtﬁ e§’§e§,r'°i?1%?le‘£s”‘fﬁrftﬁ§’é ae
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;?g%l?cg%aec&ﬁgggtlllﬁghg%% 1::%1508 thio[1)1e ré?frr]ltdh:gfneg ,n peripheral
neuropathies, such as those caused by lead, dapsone,

ticks, or porphyria, other peripheral myelin disorders,
Alzheimer’s disease, Gullain-Barre syndrome, Parkinson’s
disease and other Parkinsonian disorders, ALS, Tourette'’'s
syndrome, multiple sclerosis, other central myelin
disorders, stroke and ischemia associated with stroke,
neural paropathy, other neural degenerative diseases,
motor neuron diseases, sciatic injury, neuropathy
associated with diabetes, spinal cord injuries, facial
nerve injury and other trauma, chemotherapy- and other
medication-induced neuropathies, Huntington'’'s disease,
and protein fibrillization diseases, such as Diffuse Lewy
Body disease, Alzheimer's disease-Lewy Body variant,

Famillal British Dementia, and Frontotemporal Dementia.



