WO 01/58891 PCT/ US01/ 04210 PI PERAZI NE AND PI PERI DI NE DERI VATI VES FOR
TREATMENT OR PREVENTI ON OF NEURONAL DAMAGE TECHNI CAL FI ELD OF THE

| NVENTI OWdhesgspesent i nvention relates to piperazi ne andpcpupariddione
derivatives, which are especially useful for treating or preventing

neur onal danmage, particularly 5 damage associ ated wi th neurol ogi cal

di seases. These compounds are. also useful for stinulating nerve
growth. The invention al so provides conpositions conprising the conpounds
of the present invention and nethods of utilizing; those conpositions for
treating or preventing 10 neuronal damage or for stinulating nerve growh.
BACKGROUND OF THE | NVENTI ON Neur ol ogi cal di seases are associated wth the
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di seases I nvolves drugs capable of 15 inhibiting neuronal cell death. A
nore recent approach involves the pronotion of nerve regeneration by
pronobting neuronal growtnECHNI@WAON S FYIDO\WEN THEN I INVENTTON ti cal for the
survival of neurons, is stinmulated Tn vitro by nerve- 20 growh factors
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The invention also provides compositions comprising the

compounds of the present invention and methods of
utilizing: those compositions for treating or preventing

10 neuronal damage or for stimulating nerve growth.

BACKGROUND OF THE INVENTION

Neurological diseases are associated with the
death of or injury to neuronal cells. Typical treatment
of neurological diseases involves drugs capable of

15 inhibiting.neuronal cell death. A more recent approach
involves the promotion of nerve regeneration by promoting
neuronal growth.

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

20 growth factors (NGF). For example, Glial Cell
Line-Derived Neurotrophic Factor (GDNF) demonstrates
neurotrophic activity both, in vivo and in vitro, and is
currently being investigated for the treatment of
Parkinson’s disease. Insulin and insulin-like growth

25 factors have been shown to stimulate growth of neurites
in rat pheochromocytoma PC1l2 cells and in cultured
sympathetic and sensory neurons [Recio-Pinto et al., J.

Neurosci., 6, pp. 1211-1219 (1986)]. Insulin and



-2 insulin-like growth factors also stinmulate the regeneration of injured
notor nerves in vivo and in vitro [Near et al., Proc. Natl. Acad. Sci.,

pp. 89, MGa6sBIV20 (1992); and Edbl adh et al., Brain ReBCT/USéiln42p9p. 76- 82
5 (1994)]. Simlarly, fibroblast growh factor (FGF) stinulates neural
proliferation [D. Gospodarowicz et al., Cell Differ., 19, p. 1 (1986)] and
growh [M A Wilter et al., Lynphokine2€ytokine Res., 12, p. 135 (1993)].
There are, however, several disadvantages 10 associated with the use of

nerve growmh factors for treating neurol ogical diseases. They do not
readily crogsulie Blided-anath baeters alﬂtﬁ%/ sy Evykatebteein  pl asma and

t hey have p y. t gﬁgg Y. S ecyl ve
been shown %ger e%%l ef_r 1r§L ({ dl gro |4h Vo +n£;i&?1d:f#/|§€% g
suffering fraaa reuradl qglmaic dll\wa]se Addd s &tinul@bi o%9, Oil'nE(EHfDIl’ajBOgr owt h
protects neu ons from({géihJga de eneratl on, and accel erates the
regeneration loqf Her & Rladg a n Has RN §hofh to
pronmote 20 the gt h iy Bpenmns, ar@la%wfag@sgrawwhféé@oﬁemfﬁs sent out
by nerve cell's to comunicate with each other in a developing or injured
adul t br a| n JtiqulpdEsinpre a Tareml e eatdmn elD alGospgodarevvéed B othem Mol .

Bi ol ., );..a . Br Al
Br ai n. Res % %99?’1@@5;?.%%% ]pragi\gf Ieéw%q]l zhezlgnghr]gf dgsease is
sl owed i n watemIwho Lyimakekeitid agerokirsd rregen, |Jszhygnotma5| regloi1)o] conpl enent

NGF and ot her neurotrophins and _thereb 1elvp neurons differentiate and
survive. 30 Other tard r§ PEE f FONYE L r SR gtisadvantages

10 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.
Recently, small molecules have been shown to

15 stimulate neurite outgrowth in vivo. 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

20 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
25 Res. Dev. Brain. Res., 87, pp. 91-95 (1995)]. The

progress of Alzheimer’s disease is slowed in women who
take estrogen. Estrogen is hypothesized to complement NGF
and other neurotrophins and thereby help neurons
differentiate and survive.

30 Other target sites for the treatment of
neurodegenerative disease are the immunophilin class of

proteins. Immunophilins are a family of soluble proteins



neur odegenerati ve di sease are the i mmunophilin class of proteins.

| mmunophilins are a famly of soluble proteins WO 01/58891 PCT/ US01/ 04210
-3 that wediiss®it he actions of inmunosuppressant drugs swdt/usas/o€yel osporin
A, FK506 and rapanycin. O particular interest is the 12 kDa i nmunophilin,
FK-506 binding protein (FKBP12). FKBP12 bi nds FK-506 and rapanycin, 5

| eading to an inhibition of T-cell activation and proliferation.

I nterestingly, the nechani sm of action of FK-506 and rapanycin are
different. For a review, see, S. H Solonon et al., Nature Med.

1, pp.
32-37 (1995)thal megiatsedme eftqufjt%‘be t%thW%ﬂ%nﬁi@m nFE§Rfor 10
FKBP12 that jhhi POt &by rﬁcprrpaz&a LY tYor POSSESS Ve growt h
stinulatory act |§%/H|ty Llyons et (% Proc. r%gtjl AcadIOES)Sct:'a élﬁJSA 91, pp.
3191-3195 (II9®A)dst NEnychef 1hesen surhurgaptpolinds B -s®0hadvinding
|nnunosuppre55|ve ac Y, 15 6 (.Tac has.been denpnstrated to
act syner giFdq &AM y(tﬂ\ﬁﬂté}%\b: |P§§‘ip]i2mﬁ]éﬁ%gﬁﬁ% tFQRPINA i n PCL2
cel I s asswelllesi rgetsOah Gandib 2 {dy Bs ©lcall ac(tlﬁ%&ionTé&hcs conpound has
al so been shown to be neuroprotective in focal cerebral ischema [J.

Sharkey 20 &f®lSfemamarcherlntgnefteingzl, Wy w313 19Dt ber of o
increase th t Nj ur C ne s [B.
Gol d ot al . TG0 sl S AR A B S oS SRt o

i mrunosuppr &sﬁle S@dmnmmds; &b, havewverg Med. driaw@eks32 31 h919$)5)ol onged

t t t th, thes d cause ne roto ct et_al., J.
reat men N\émb[ﬁr& %fe car oun S gt%n u rg%? i yaégor?fty el

Am Soc.
10 FKBP12 that 1nh1b1t that proteln 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.

15 FK506 (Tacrolimus) has been demonstrated to act
synergistically with NGF in stimulating neurite outgrowth
in PC12 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

20 and S. P. Butcher, Nature, 371, pp. 336-339 (199%94)] and
to increase the rate of axonal regeneration in injured

sciatic nerves [B. Gold et al., J. Neurosci., 15, pp.

7509-16 (1995)].
The use of immunosuppressive compounds,
25 however, has drawbacks in that prolonged treatment with
these compounds can cause nephrotoxicity [Kopp et al., J.

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

deficits [P.C. DeGroen et al., N. Eng. J. Med., 317, p.

861 (1987)] and vascular hypertension [Kahan et al., N.

30 Eng. J. Med., 321, p. 1725 (1989)].

Sub-classes of FKBP binding compounds which

inhibit rotomase activity, but which purportedly lack



deficits [P.C. DeGoen et al., N Eng. J. Med., 317, p. 861 (1987)] and
vascul ar hypertension [Kahan et al., N 30 Eng. J. Med., 321, p. 1725
(1989) ] . waulissssasses of FKBP bi ndi ng conmpounds whi ch i ndi/tsonoixnmase
activity, but which purportedly |ack WD 01/58891 PCT/ US01/ 04210 -4

i mmunosuppr essi ve function have been disclosed for use in stinulating
nerve growth and for neuroprotection [seé; United States patent 5,614,547,
WO 96/ 40633; WO 96/40140; WO 97/16190; WD 98/13343; WD 98/ 13355; WO
98/29116; WD 5 98/29117;. WO 98/35675; WO 98/37882; WO 98/37885; J. P
Steiner et dMMunEEyEPIRASiverdamictdan hage bepn disclompd-for ud7AR and
S5 tam | 6enh Aling BAD oldhitn L Por Sldyroptotite (B (1997)] -
Stimul ation of heural caxons im nerve cells y 10 "piperidine derivatives is
descri bed i UnWOed6/54E6@% pallant Gal6 ds&40f; tWie 98 frerd 3 nevarab 01400 j di ne
derivatives_kn sqQ far for stimnulati X |_growth as not been

promi si ng, &Jé %\#21 dur‘iJs 9z§r}el3§%sgt’at'f{}g 9W1r%%n§¢%r?cﬁ)c}09%6[’ g%ss the

bl ood- brai n glarriiar ;i mol® sydenat;e wRTBW)S.8 DT &id eedddss classes of
conmpounds which lack the ability to bind FKBP and | ack i nmunosuppressive
function havéeBeer @&scérli-beddasr Nk 1i-n Aaadm ISl ndSferveé4 gt h and
preventi ng ,0deg fo@tyi .0 , NO - 0 ;WO 2; 98/ 20893
and WD 99/ 1%%%8 %%oﬁg%%)vﬁ %é’l[d\slgf'i est'y P%?nlg'ggr%loﬁé%ésa]’f'dr %ﬂg@\%}‘r

preventing Geemol dgittal, degeper at7iske adi sy Jhave been described, only

two of these are currently.in, clinical trials and none have _heen approved
for tlmﬁlatlon o@ neural axons qn nerve cefis by’pp

10 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 blood-brain barrier in

15 adequate amounts.

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

20 98/20891; WO 98/20892; WO 98/20893 and WO 99/10340

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

25 commercialization. And while compounds which share
certain structural similarities to the compounds
disclosed herein have been described in United States
patent Nos. 4,115,569 and 4,374,990, neither of those .
patents specifically teach or suggest the compounds of

30 the present invention, nor is there any teaching that
such compounds would have utility in stimulating nerve

growth or preventing neurodegeneration.



25 commercialization. And while conpounds which share certain structural
simlarities to the conpounds disclosed herein have been described in

Uni ted Swaxagssssqat ent Nos. 4,115,569 and 4, 374, 990, neit lraT/wdo1vsmse
patents specifically teach or suggest the conmpounds of 30 the present
invention, nor is there any teaching that such conpounds woul d have
utility in stinulating nerve growth or-preventing neurodegeneration. WO
01/58891 PCT/ US01/ 04210 -5 Thus, there remains a need for the discovery
and design of new compounds and conpositions that have the ability to
prevent and/or treat AéonditedEmdEadssceingest ik Fhfe R RNy ¢

condi tions. S Iclg\@}[” ﬁ&fgg i s ty i des
conmpounds hg\?lidngld%(?}qnugl%ay(é% : cg%oyrﬁ% t'he Ji‘)dolrrm a‘%}p&AFHZéI\)]Yé-’» Y-B 1
X P, whereitive Bpidddly ®@d pravemtoeysl/ay thiemtclnieummal idgmidde ring
system wherein in said ring system .a.. each ring is independently partially
unsat ur at eda&sofcdlalstfdgéﬁ’tl&lhatn R e %S 3 to 7 ring atons

c

15 independently selected fromC, N 0 or § no nore than 4 ring atons
in Qares selected fromN, Og@fMMBRY OF THE INVENTION

The present invention provides compounds having

formula (I):

A compound of the formula:

1
Z Y—B
Q” \N/'\/j
o
p , wherein:
10 each Q is a monocyclic, bicyclic or tricyclic ring

system wherein in said ring system:
a. each ring is independently partially
unsaturated or fully saturated;
b. each ring comprises 3 to 7 ring atoms
15 independently selected from C, N, O or S;
c. no more than 4 ring atoms in Q are
selected from N, O or S;
d. any S is optionally replaced with S(0) or
S(0)o;
20 e. at least one ring comprises a N ring atom
that is substituted with R';
£. one to five hydrogen atoms in Q are
optionally and independently replaced with halo, -OH, =0,
=N-OR*, (C;-C¢)-straight or branched alkyl, Ar-
25 substituted- (C;-C4) -straight or branched alkyl, (C;-Cq)-
straight or branched alkenyl or alkynyl, Ar-substituted-
(C2-Cq) -straight or branched alkenyl or alkynyl, O-(C;-Cg) -



d. any Sis optionally replaced with S(O or S(O2; 20 e. at |east one
ring conprises a Nring atom that is substituted wwth RL; f. one to five
hydr ogenwat @rsssdiin Q are optionally and i ndependently remcacesbimazih hal o,
-OH, =0, =N-OR1, (C1-C6)-straight or branched al kyl, Ar 25 substituted-
(C1-C6) -straight or branched al kyl, (C2-C6) - straight or branched al kenyl
or alkynyl, Ar-substituted- (C2-C6) -str@rght or branched al kenyl or

al kynyl, O (Cl-C6) WO 01/58891 PCT/US01/04210 -6 straight or branched

al kyl, O[(Cl-C6)-straight or branched al ke/l] -Ar, O (C2-C6)-straight or
branched al E&HRATIRST oA %ﬁﬂnqh@ [ io6)Q st (Gi-Ght ~oF*BEIRENRE al kenyl or

al kynyl]-Ar, al 2] J&.nety age -Rdole gf MERSLUL RRLG 1
noi ety, Merbﬁlnc%%l aR?wiis] ip%de?engzezn?fil %%Jfgcﬁeg ro%”lr?CEI‘- %{jo;ai{mes%’r ai ght
or branched cad lallkynArl-,s @osk (GuCed~ ¢ Cta Ghb) - ost baagbhedr abkenghedral kyl ,

(C2-do)-straight .qr branched 10 al kenyl or al kynyl, or
Ar - subst i tutagd‘g’(r@}- aPsy- sotrrgf'&ﬁ’ cﬁndebranched al kenyl or al kynyl; wherein
one to tyo CH2 groups of s@ dAldoH ardlkemle o a A Josylutd@ias in Rl are

optionally and independently replaced with 0, S, (O, S(O 2, C(O or
N (R2) , wh&cdiatyls"iieei®iRl i s bound to nitrogen, the CH2 group of RL bound

From phenyt. -1+ nSotnaT. 13- SapRPRy o RSy e s urery (B FtDyt - 3t uryl
2-t hi enyl , 3tdaigt or2hxemichdd 3-lqylr,i - subghirdiuhdd- (Sa-Cady4 ,
straight or branched alkyl, (C,-Cjp)-straight or branched

10 alkenyl or alkynyl, or Ar-substituted- (C,-Cip)-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, 8, S(0), S(0),, C(0) or N(R?), wherein

15 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,

20 oxazolyl, thiazolyl, imidazolyl, pyraxolyl, pyrazolinyl,
pyraolidinyl, isoxazolyl, 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, benoxazolyl, pyridazinyl, 2-

25 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,

30 1,2,3,4-tetrahydroisoquinolinyl, isoquinolinyl, 1,2,3,4-
tetrahydroquinolinyl, cinnolinyl, phthalazinyl,

quinazolinyl, quinoxalinyl, 1,8-naphthyridinyl, or any



20 oxazolyl, thiazolyl, imdazolyl, pyraxolyl, pyrazolinyl, pyraolidinyl,
i soxazol yl, isothiazolyl, 1,2,3- oxadiazolyl, 1,2,3-triazolyl,

1, 3, 4-t hwadhassshyl , 1,2,4- triazolyl, 1,2,4-oxadiazolyl, PCT/US01/04210
1,2,4-thiadiazolyl, 1,2,3-thiadiazolyl, benoxazolyl, pyridazinyl, 2 25
pyri mdinyl, 4-pyrimdinyl, 5-pyrimdinyl, pyrazinyl, 1,3,5-triazinyl,
1,3,5-trithianyl, indolizinyl, indolyl,-7rsoindolyl, 3Hindolyl, indolinyl,
benzo[ b] furanyl, benzo[b]thiophenyl, 1Hindazolyl, benzim dazolyl,
benzt hi azolyl, purinyl, 4H quinolizinyl, quinolinyl, 30 _

1, 2, 3, 4- t et RARFH GRETHATNY faasiklgymanngysiic 10p Wigyclic ring

t et rahydr oquaqldny! i nnol | o inyl, i nazol j

qgui noxal i nyl ,ﬁ}g%,é&'ne‘{vp etctlr%};}?dél% ,r (IC)Hrlj a@y%%l/%%ggl%cﬁl{%/%%%% -7

ot her chem eald wHegasihleaatondoyr|ldaonpridecyrltia 3 igresystang wherei n each
ring consist,s of and wherein each ring, conprises 0 to 3

510, 7 ring ato
het er oat ons midr‘?é’gﬁ‘éiﬁ?&’éﬂtyi Va C&@[chl?%rﬁ'N,g'o,O‘brs'S,W}\’/ﬁ%‘?Je‘?n 5 each Ar is
optionalky and i rdependentd yopuilstdiiyt etha Wideigad:o: 1Pragsubstddyent s
sel ected fromhal o, hydroxy, nitro, =0, -SGBH, trifluoronethyl,
trifl uor omettidly onectccehreas railftitl torerraarmsilear tgkyfronf d1lalas) - strai ght
or branched , (Cls COB)ars St ral ranched al kyl ],
O-[(Cl-CB)-gﬁ%ggb t’ 5§hﬁ%3néﬁgd E%Pééngk??ﬁagggﬁgfgyﬁo-phenyl,
1, 2- net hyl eedifdxyrometRIxy(,RA)C e at boxytaidht (& - Ebasthadghlkel , brapched
al kyl or -C6-strai ght or_ branched kenyl ) carboxam des, N, N-di-
(Cl-CB-strai@hfSBFabggﬁcﬁﬁdb§FE§ﬁe§ra istrQrdﬁpleGME??ﬁéﬂﬁgﬁédo%Jkenyl)

car boxam deprabtche@l aPky1t,r aight (QL c, Pr fsheghal k¥l hesnERa§6- strai ght or
branched al kenyl) _
alkenyl], O-benzyl, O-phenyl, 1,2-methylenedioxy, -

N(R?) (R*), carboxyl, N- (C;-Cg-straight or branched alkyl or
Cz-Cs—straight or branched alkenyl) carboxamides, N,N-di-
(C1-Cg-straight or branched alkyl or C,-Cg-straight or

15 branched alkenyl) carboxamides, N-(C;-C¢-straight or
branched alkyl or C;-C¢-straight or branched alkenyl)
sulfonamides, or N,N-di- (C;-C¢-straight or branched alkyl
or C2-Cé6-straight or branched alkenyl) sulfonamides;

each of R’ and R* are independently selected from

20 (C1-Cg¢) -straight or branched alkyl, (C,-Cg¢)-straiglit 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;

25 each R? is independently selected from hydrogen, (C;-
Ce) -straight or branched alkyl, or (C,-Cg)-straight or
branched alkenyl or alkynyl;

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

30 Y is selected from a bond, -0-, (C;-C¢)-straight or

branched) alkyl, or (C;-Cs)-straight or branched) alkenyl

or alkynyl; wherein Y is bonded to the depicted ring via



sul fonam des, or N, N-di-(Cl-C6-straight or branched al kyl or

C2- C6-strai ght or branched al kenyl) sul fonam des; each of R3 and R4 are

i ndependeatdiyssssl ected from 20 (Cl-C6) -straight or brarrdradsoabkb,

(C2-C6) -straight or branched al kenyl or al kynyl, hydrogen, phenyl or
benzyl; or wherein R3 and R4 are taken together mnth the nitrogen atomto
whi ch they are bound to forma 5-7 nmenbefed heterocyclic ring; 25 each R2
i s independently selected from hydrogen, (Cl- C6)-straight or branched

al kyl, or (C2-C6)-straight or br hed alke | or alkynyl; X is selected
from C (R2) %2 SEHGYFRICI T ¢ 99 6@( %{)@%@ew.eneet%ct‘éfa@toma

bond, -0-, (& W, y %bh%'sglatf %raldb%t@cttﬁ}lied)aﬁée'ﬁ)g)l, Ur G4y Sid ai ght or
branched) al kenyl kynyl ; wherein Y is bonded to the depicted ring via

WO 01/ 58891 RCT/AUSHL/Y0 42KD mcaezzersiargﬂef berlared Wbl €0 bohid; S &M, wher ei n

one to two g; the ggﬁ (o] izgf said al kyl, al kenyl, or aIkynyI IS
optionally an |nde de tgﬁ pl aced with 0, S, S(C», S(O 2, C(O or N
(R2) ; 55Z is -CA Qs --or0)Ch2 qrH,s 0', 1 or 2; each of Aand Bis

i ndependent |y selected front hydrogen or Ar; or one of A or Bis absent;
and wherein two Radrbdh a{ons in the deplcted ring 10 structure are

optional Iy ||nke¢ath1QﬁeAareetateg 1 addddbnoty Aocaldvt gp a C- 04

strai ght alkenyl to create a bicyclic noiety. In anot i ment, the
i nventi on phtodinggen or Ar; or one of A or B is absent; and

wherein two carbon ring atoms in the depicted ring

10 structure are optionally linked to one another via a C;-C,
straight alkyl or a C,-C, straight alkenyl to create a
bicyclic moiety.

In another embodiment, the invention provides
pharmaceutical compositions comprising the compounds of

15 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.

20 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

25 Parkinson’s diseasge, Alzheimer’s disease, and

amylotrophic lateral sclerosis.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides compounds having

formula (I):



pharmaceuti cal conpositions conprising the conpounds of 15 forrmula (I).
These conpositions may be utilized in nethods for pronoting neuronal repair
or prevewa aigsssaieur onal damage in a patient or in an ex WoaoUSeenyvHocel | .
More particularly, the nmethods of this invention are  useful in treating
vari ous neurol ogi cal diseases. 20 Exanpl es of such di seases include

peri pheral nerve destruction due to phyStcal injury or diseases such as

di abet es; physical injuries to the central nervous system (e.g., brain or
spinal cord); stroke; neurol ogical disturbances due to nerve degeneration,
such as 25 Parkinson's #i sease, Alzheiner's disease, and anylotrophic

| at er al scler05|s DET. LE DESCRI PTI ON OF THE | NVENTI ON The present

invention proyi 190§p having fornula (1) : WD 01/58891
PCT/ USO1/ 04ﬂo sN ZNXY g ~~I LHx P (1), wherein: each Qis a

nonocyclic, bicycllic orltricyclic ring systemwherein in said ring system
a. each ringis in ently partially 5 unsaturated or fully saturated,

b. each ring conpri p3 to rin tans i ndependently selected fromC, N,
Oor S, ¢c. no nore than 4 rlﬁa ‘at W'Qare selected fromN, 0 or S

each Q is a monocycllc, bicyeclic or tricyclic ring
system wherein in said ring system:
a. each ring is independently partially
5 unsaturated or fully saturated;
b. each ring comprises 3 to 7 ring atoms
independently selected from C, N, O or S;
c. no more than 4 ring atoms in Q are
selected from N, O or S;
10 d. any S is optionally replaced with S(0O) or
S(0)ay
e. at least one ring comprises a N ring atom
that is substituted with R?;
£. one to five hydrogen atoms in Q are
15 optionally and independently replaced with halo, -OH, =0,
=N-OR!, (C;-C¢)-straight or branched alkyl, Ar-
substituted- (C;-Cq) -straight or branched alkyl, (Cy-Cg)-
straight or branched alkenyl or alkynyl, Ar-substituted-
(C2-C¢) -straight or branched alkenyl or alkynyl, O-(C:-Cg) -
20 straight or branched alkyl, 0-[(C;-C¢)-straight or
branched alkyl]-Ar, O-(C,-C¢)-straight or branched alkenylv
or alkynyl, O-[(C,-C¢)-straight or branched alkenYl or
alkynyl] -Axr, or O-Ar; and
g. Q is not an indole or a pyroglutamic
25 moiety, wherein
each R' is independently selected from (C;-C) -
straight or branched alkyl, Ar-substituted- (C;-Cig) -
straight or branched alkyl, cycloalkyl-substituted- (C;-



10 d. any S is optionally replaced with S(O or S(0)2;. e. at |east one
ring conprises a Nring atom that is substituted wwth RL; f. one to five
hydr ogenwat @rsssiin Q are 15 optionally and i ndependent|y rrepalesped4dt h hal o,
-OH, =0, =N-OR, (C1-C6) -straight or branched al kyl, Ar- substituted-
(C1-C6) -straight or branched al kyl, (C2-C6)- straight or branched al kenyl
or alkynyl, Ar-substituted- (C2-C6) -strldight or branched al kenyl or

al kynyl, O (Cl-C6) 20 straight or branched al kyl, O[(Cl-C6)-straight or
branched al k I)L-Ar, O (C2-C6) -straight_or_branched al kenyl or al kynyl,
o-[(cz-ces)-ﬁv T2 branchiernarkénylkvt - AFkyhyl TSRFRIGRLCPAr; and g. Q
is not an i I I ] j.et wWhssei h S

i ndependent %&%Ih%g %&@{f)é:n% kgg@&%&rﬁﬁgﬁﬁl% t or tglreahntg%gd(daglll%?),

Ar - subst i t utsed-a(iGhtCl) brstrdieghta ldterdylarched kil ;, wherein

cycl oal kyl -substi t ut ed- (Cl 01/58891 PCT/ US01/04210 _-10 C10) -straight
or branched al kyl°?*¥ %f’ %1’63 \é%t PEPYRE 6F SBL n@ﬂrgéf%al R&KGPYdr Sfkynyl, or

Ar - substs t ubatyinga- CHY)insStiRiIRGhErar opeasehied yabkenyhaepeakeyrh: wherein
one to two CH2 groups of said alkyl, alkenyl, or 5 alkynyl chains in Rl
are optionafeplased mdddete® | ¥ (Mepldd  wWCt(R)0orsSN (RS ( oyhersin) 2, C (O

o N IR RSBl s houache O B0l SOy

sel ected fr douplkdeny sali-dnaphtrogen 2-amaypit hd repldadenydh @il enyl ,

2-furyl, S;furylﬁrzﬁghg%quté%-from phenyl, 1l-naphthyl, 2-naphthyl,

10 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—triazoly1, 1,3,4-thiadiazolyl, 1,2,4-

15 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,

20 benzo[b] thiophenyl, 1H-indazolyl, benzimidazolyl,
benzthiazolyl, purinyl, 4H-quinolizinyl, quinolinyl,
1,2,3,4-tetrahydroisoquinolinyl, isoquinolinyl, 1,2,3,4-
tetrahydroquinolinyl, cinnolinyl, phthalazinyl,
quinazolinyl, quinoxalinyl, 1,8-naphthyridinyl, or any

25 other chemically feasible monocyclic or bicyclic ring
system, wherein each ring consists of 5 to 7 ring atoms
and wherein each ring comprises 0 to 3 heterocatoms
independently selected from N, O, or S, wherein

each Ar is optionally and independently substituted

30 'with one to three substituents selected from halo,
hydroxy, nitro, =0, -SO03;H, trifluoromethyl,
trifluoromethoxy, (C;-Cg)-straight or branched alkyl, (C;-



thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, pyrrolyl, oxazolyl, thiazolyl,
i m dazol yl, pyraxolyl, pyrazolinyl pyraolidinyl, isoxazolyl, isothiazolyl,
1,2, 3- owadnassshiyl, 1,2,3-triazolyl, 1,3,4-thiadiazolyl, PCT2)91/0450
triazolyl, 1,2, 4-oxadiazolyl, 1,2,4-thiadiazolyl, 1,2,3-thiadiazolyl,
benoxazol yl, pyridazinyl, 2- pyrimdinyl, 4-pyrimdinyl, 5-pyrimdinyl,
pyrazinyl, 1,3,5-triazinyl, 1,3,5-tritHilanyl, indolizinyl, indolyl,

i soi ndol yl, 3H i ndolyl, indoIinyI benzo[b]furanyl 20 benzo[ b] t hi ophenyl ,
1H—indazo|y| ben2|n1dazol benzthlazol , purin 4H qui nal i zi nyl ,

qui nol i nyl , Cel-stzaaghgt pé:h%ﬁ&if%l@&uﬁ%ﬁm |, psdcf 1n6¢>i1ﬁ/trra119f2t 2B-

t et rahydr oq I oli I ht-hal i
qU|noxaI|nwa¥%%¥%%u)t ?Idl2¥| (P 1 ? tg¥%%t 8gh§%§§ghﬁy feasi bl e

nonocycl i ¢ @lkengydl,i @—rhargyls,ys.’z@henme,reh rizﬂmﬁhy]lmgedmvw,sts of 5to 7

ring atons d rein nprises 3 heteroatao

i ndependent I@r&séwg ’eaCEI”F N[ 819 g 14 \ﬁ’ﬁéfaéﬁ %egc?h%ﬁranic (Sgt%l&%}l 19F and

i ndependsnt lgy - spbsit 4 1dee oﬁobmﬁbh@aeameﬁpiﬁecéybéicawgegs fekegted from
hal o, hydroxy nitro, =0, -SQBH, trifluoronethyl, trlfluoronethoxy

(Cl-CB) -stri&nghe- i hed larwwhefé@lmoqrs@m BCTRUSHL @210 CO -11
St ot ofraRehed MK cOnddlileP) WLELEL pLosBranghed alkyl],

0O- [ (C1-C6) -straight or br'an enyl ] eny
1, 2- et hyl ebedinahed aNkRI) R4, -Csearbakyght &F bfﬁnéﬁeétaakghylorobranched

aIk | or 5 - C6-st.rai ght_ or pbranched al ken car boxa
(ClyCB strai® °8Fm8ﬁ§ﬁg &u R '1&%r% Sﬁﬁakg?% Fht P B?Hg%?gnéhg% aPEenyI)

car boxanp deg, - & - {tGa{Fht SbF abBMc9Ed alkenyl) sulfonamides;
| each of R’ and R* are independently selected from
(C1-C¢) -straight or branched alkyl, (C,-C¢)-straight or
branched alkenyl or alkynyl, hydrogen, phenyl or benzyl;
or wherein R® and R® are taken together with the nitrogen
15 atom to which they are bound to form a 5-7 membered
heterocyclic ring;

each R® is independently selected from hydrogen, (C;-
Cs) -straight or branched alkyl, or (C;-C¢)-straight or
branched alkenyl or alkynyl;

20 X is selected from C(R?*),, N(R?), N, O, S, S(0), or
S(0) .

Y is selected from a bond, -0-, (C;-C¢)-straight or
branched) alkyl, or (C;-Cg)-straight or branched) alkenyl
or alkynyl; wherein Y is bonded to the depicted ring via

25 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(O) or N(R);

p is 0, 1 or 2;

30 Z is -C(0)- or -CH;-;

each of A and B is independently selected from

hydrogen or Ar; or one of A and B is absent; and



branched al kyl or C2-C6-straight or branched al kenyl) or sul fonam des,

N, N-di - (Cl- C6-strai ght or branched al kyl or 10 C2-C6-strai ght or branched
al kenyl ) woulifsesmnm des; each of R3 and R4 are independent IPCTsESoe04aa from
(C1-C6) -straight or branched al kyl, (C2-C6) -straight or branched al kenyl
or al kynyl, hydrogen, phenyl or benzyl; or wherein R3 and R4 are taken
together with the nitrogen 15 atomto whiZ<h they are bound to forma 5-7
menbered heterocyclic ring; each R2 is independently selected from

hydr ogen, (Cl- C6)-straight or hranched al kyl, or (C2-C6)-straight or
branched al kenyl WSleXai% MO CRFDOR ¥ NG RRIRE fHbnvee (Cff@l?l?tedl\F{IF@) . N,
0, S SO, EQ.QCE& -strai ght or
br anched) als%;ﬁuégl(rl)g(énéym esgltlﬁg%&ﬂt or branc ed%rqf enyI or al kynyl ;
wherein Y |$tb@hd&d:EdJnﬁb<ﬂeg1dhe@4rsngavght25lheayhgte bordter aa doubl e
bond; and mherel one to two of the CH2 groups of said al kyl, alkenyl, or
alkynyl i's 5ﬁﬁ¥| ndependently replaced with 0, S, S(C» S (C» 2,

C (0) orsN (R) ; p lsmﬂa terf Hind) dkde  AD)uséd h&d&in, eashepE $oand B
i s independently selected from hydrogen or Ar; or one of A and B is

absent : and ADATKESEE0 B HOET/USHL MGHE) UR Theeid n tSRER aF e 2E9ME at oms
n the depi chid Jdidge o fEIE TRy CFeo:.l' "Bl ORI R 2 Cl- O

strai ght al kyl strai‘ght’ ken to create bi cycl ic noiety.
other such ring atoms (3 in the case of certaln ring

atoms in a bicyclic ring system).s’h The term “ring atom”
10 does not include hydrogen.

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

15 the moities bound to Y (i.e., at one end, the ring atom
to which Y is bound; and at the other end, A and B).
Thus, as an example, for the purposes of this invention,

Y is considered a C; alkyl in each of the following

structures (the moiety representing Y being shown in

20 bold):
A A
:CH-—éH —CHz—(IiH
é and é

The above compounds specifically exclude those
compounds in which Q is an indole or a pyroglutamic
moiety. Such compounds are known in the art and are not

25 within the scope of the compounds of the present
invention. Compounds of formula (I) containing an indole
at position Q are described in European Patent
Publication 0 624 575 and in C. Kuehm-Caubere et al., J.
Med. Chem., 40, pp. 1201-10 (1997), and are said to be

30 inhibitors of low density lipoproteins (LDL) and membrane



5 The term"ring aton, as used herein, refers to a backbone atomthat
makes up the ring. Such ring atons are selected fromC N, O or S and are
bound t ow®d a@rss®1 ot her such ring atons (3 in the case of RAVUSMIN42IDNQ

atons in a bicyclic ring system). The term"ring aton 10 does not include
hydrogen. It wll be readily apparent to those of skill in the are that
the terns "alkyl" and "al kenyl" when uséd-in the definition of Y represent
t hose portions of an aliphatic noiety for which proper valence is
conpleted by 15 the noities bound to Y (i.e., at one end, the ring atom to

which Y is Bodid Bhidafiidhe AMROWHE FOHRIBNT THAEOZE B Ek@npte, for
the pur posegy Ard M dMENH 1 9D yntd$ msdeﬁae%rgt .C?,fé{,yési rar?gcgggf the
S eing s 0 :

fol |l ow ng ructures (the noiety representing own in ol d)
A A CH CH @Gd2-Chio Bisafthlb as Theotabmpiecconpounds specifically exclude those

conmpounds in which Qis _an indol r. a pyroglutamc iety.. Such_cpnmpounds
are known in the art szﬁfalzfrcearﬁost% W.‘f%i%?qrhec%‘%%‘éng %%e“’}bjo%bo%nﬂ§ of
the present an RYRIYIOBr GRS tfmfay 1A (dds£088 aldi-ng fFodgol e at

position Q are described in European Patent ublication 0 624 575 and in
C. Kuéhm Casémailattoy ackiviygsy arnchem prmkedh.ad@isto (1997), and are

oo Lob PE TR Oy PRI NPT ke (o 0g gerrane VO
pyr ogl ut am @eiggiested in the prior art. As such, the methods of the
' present invention do not exclude the use of compounds
10 wherein Q is an indole or pyroglutamide moiety.
According to a preferred embodiment of the
present invention, Q in a compound of formula (I) is
selected from a 5 to 6 membered partially unsaturated or
fully saturated heterocyclic ring containing a single
15 nitrogen ring atom and four to five carbon ring atoms,
wherein said ring is optionally fused to a three-membered

ring. Even more preferred is when Q is piperidyl,
N

g_
pyrrolidyl or w¥~ (3-Azabicyclo[3.1.0]hexyl). Most
preferred is when Q is piperidyl or pyrrolidyl optionally

20 substituted at one of the ring carbons with phenyl,
methyl or hydroxy or Q is 3-Azabicyclo[3.1.0]hexyl.

According to another preferred embodiment, R! is
selected from (C;-C¢)-straight alkyl, (C;-Cg¢)-straight
alkyl-Ar, (C;-C¢)-straight alkyl-cycloalkyl, (C3-Cs)-

25 straight or branched alkenyl, or (C;-Cg)-straight or
branched alkenyl-Ar. Even more preferred is when R' is
selected from methyl, ethyl, -CH;-phenyl,
-CH,-methylphenyl, -CH,-methoxyphenyl, -CH,-fluorophenyl,
'-CH;-difluorophenyl, -CH,-CH,-phenyl, -CH,-cyclopropyl,



Q are described in United States Patent 5,102,882 and are said to useful
as nootropics. Applicants believe that conpounds in which Qis 5 an indole
or a pyrog utsasdiide will possess nerve growth stinul at or ypcacusovioszioand/ or
protect agai nst neurodegeneration. Such activity is not disclosed or
suggested in the prior art. As such, the nethods of the present invention
do not exclude the use of conpounds 10-#terein Qis an indole or

pyrogl utam de noiety. According to a preferred enbodi ment of the present
invention, Qin a conpound of fornmula (1) is selected froma 5 to 6

menber ed par’tC‘rHaI'FbI Gr‘§§t&hﬁrrat “d0FEFGHRy @at uFBt EHHE Ryt i ¢ ring
containing a single S’ettr %gledhréxn%raetégpgéggtgmd n?eﬁﬂ Ve, cat bon ring

atons, wherein said ring is optional Hree- menber ed ring.
Even nore pref emde& |J$when:®|s pi perldyl Nrrolid | or pyy

(3-Azabicyclo [3 . 1 0] he . Mbst eferred is le erldyl
or pyrrolidyl optionalf a5% REREE te"&%{me%eo ‘g“

phenyl, sret byl srodiidy 009 0y Qd S IrcwBbigycl ol d. the)@er Accordl ng to
anot her preferred embodi ment, RL is selected from (Cl-C6) -straight alkyl,

(C1-C6) -strai ght al w;ﬂcwdqu:mmatéxerraurgmfem@d -eyddiaieaytt , QIG3- C, 5)

gISkZL;?I wn OE\r/en nore prgafd%r ?‘\éclj"’l s S 1%% i S c{rr?ll'g;g]ioe%ar% ﬁ?n@ﬁ'yl , ethyl,
- CHz2- phenyl ;chlo(ﬂd@ﬂmyiyl phemlloropBe2ryiet Hbugtendny: CH2= f | uor ophenyl ,
;DCCJT-l/ZUg:)];} 32%%% uorophen Cél;ll% %%%n%therang CyCI opr Opglselvelc):toelc{ 5f8r809n%
10 phenyl, chlorophenyl, dichlorophenyl, fluorophenyl, or
difluorophenyl.
Some of the more preferred embodiments of this

invention are the compounds listed in Table 1 and Table

2, below and the compounds set forth in the Examples.



-14 -CH2-CH=C (CH3) 2, -CH2-CH=CH2, or -CH2-CH=CH phenyl. In yet another
preferred enbodinent, pis Oor 1; and Xis Cor N In another preferred
enbodi mewo a@fssgsie conmpound 5 of formula (1), Y is a bon@®CT/@s01/042Tb<, or
=CH<. . According to another preferred enbodi nent, one of A or B is absent
or selected from hydrogen, phenyl, chlorophenyl, dichlorophenyl,

fl uor ophenyl, or difluorophenyl and thdther of A or Bis selected from
10 phenyl, chl orophenyl, dichlorophenyl, fluorophenyl, or difluorophenyl.

Sone of the more preferred enhodinents of this invention are the conpounds
listed in Tablel 1 and Tabl e d the conpounds sei forth in the
Exanpl es. WD 01/ 58891 PCT/ USO 5 8 gy o CF3 O \l121,,,
| 11 H3C., y ZDY H3CJ o i\ \ » H3Cr O Oy CJ H3C) Of yhj O
| a : e
Y Py
H CH, O




WO 01/58891 PCT/US01/04210 -16 HF | I\ N17 H3GQ 0251 ~ 1\ F YO
H3 ol"~c 20 26 H3d O 21 NI / 27 FI1 / H 24 N281 \ HN/ H3C O H3C
WO 01/ 588@101R8391US01/ 04210 -17 OCH3 O N 29 31 O 0 HOPAY UV ~~ O

-16-

17 25

SleVeas|EmA

21

{PASSY
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Even nore preferred are conpounds 1, 7,

42, 44, 47, 48, 49, 52, 58, 60,
103, 205waQf8s891221, 223, 225, 238, 240, 242, 246, 255,
263, 265, 267, 268, 271, 273, 275, 276, 277, 278,
formula (1) may be

st er eoi soner s,

15,

20,

21, 26, 28

, 30, 39, 41,

65, 69, 84, 85, 86, 90, 100, 101, 102,
260/USHH0421262,

or 279. The conpounds of

geonetric isoners or stable tautomers.

The invention envisions all possible isdiers, such as E5 and Z i soners, S
and R enantioners, diastereoisoners, racemates, and m xtures of those. The
conpounds of_the present invention nmay be readily prepared using known
synt hetic thods. For exanple, coupounds of fo la (1) may be prapared
as 10 shown|bel pw ig any of t hrough 7:¢ 01/ 5889 SQ1/ 04210
-18- SCHEME|1 Al 1 Y1 Birl,| OH ~\~~/ t Bu~Cl HY X N PG
0 i- DCM Pr2EtN PG Q i ere Nis|protfecte th rbamate A
protecting grpup A M Depy,ot ect nd
o o)
HO,
Lo
N
30 S
Even more preferred are compounds 1, 7, 15, 20,
21, 26, 28, 30, 39, 41, 42, 44, 47, 48, 49, 52, 58, 60,
65, 69, 84, 85, 86, 90, 100, 101, 102, 103, 205, 206,
221, 223, 225, 238, 240, 242, 246, 255, 260, 261, 262,
263, 265, 267, 268, 271, 273, 275, 276, 277, 278, or 279.
The compounds of formula (I) may be
stereoisomers, geometric isomers or stable tautomers.

The invention envisgions all possible isomers, such as E

and Z isomers, S and R enantiomers, diastereoisomers,

racemates, and mixtures of those.

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

10 shown below in any of Schemes 1 through 7:



NN CNNJ R O HO Mthod A: RICH2-Br, K2CO3, CH3CN or

DMF Met hod B:

R1CH2-Br, Et3N, Bu4Nl (cat.), CH2Cl2 SCHEME 2 A Al Y B Method A ~ B or
( /X gNwoH1sssdl Method RINNRL OR O Mthod A pi valrayiiusehbeno de,

di i sopropyl et hyl am ne, CH2Cl 2 Met hod B: HOBT, EDC (or other am de coupling

reagents), CH2Cl2 WD 01/58891 PCT/ US01/ 04210 -19- SCHEME 3 ci H DCM Y~

AKB
e

R~+HNXBLJ RLO@-O0 000 AAI-ISPA YY,BB 'I~Y- BNCOY"
-y~ ~/XN-~" 0DCM(N R1L O
SCHEME 1
;‘\ 0
Y.
oH /B t-Bu)I\CI
* HN X
N —_— N
F|>G o — FPrEtN lIDG
DCM

Q=ring where N is
protected with a carbamate
protecting group

)

Y.

A ~
- | Method A A B

Y or
B N\)
Deprotect (\ X l;l
\) R1 (o]

o) Method A: R;CHy-Br, K,COg, CHsCN or DMF

Method B: RyCHy-Br, EtgN, BusNI (cat.), CHoCly

SCHEME 2

A

A
)
! Method A "~B
Y. e
\ .
+ / / B or (\/X
oH ~ HN X Method B, N\)
N \_/ N
|
., 0

Ry O R

Method A: pivaloyl chloride, diisopropylethylamine, CH,Cl,
Method B: HOBT, EDC (or other amide coupling reagents), CH,Cl»

N
+ H



RL SCHEME 4 A. ADCMI A YOB + YK + -Y'B OH HNX N=CeNNO NJ HN X N N
'-/ Ol ORLsaRLA PNCOfl(/B DCMNN Rl SCHEME 5 ~BOC Ir _
pi val oyl wohdigssgade, i-Pr2EtN, N OH + HNNNBOC H Cie CN N RCT/WSO1AMRL O R1 O
A HC/EtQAc~ (::)r NH Method ANB NJ or N\J N N Mthod BI RL O RL O
Met hod A (when Y=CO or SQ2): Cl-Y(A)B, i-PrEtN, CH2Cl 2. Method B (when
Y=bond or sp3 carbon): Br(ord)-Y(A) B, -KEC3, CH3CN (or DM)

SCHEME 3
ﬁic.
0
AN
(hlll(ma _bem . R \(0% +HN/—/ B -
o} \__/
1 @AN@
0 A
A
~p \lr N—c—o I
X + H /=B - Y\B
X
N N ’\_/( - N
|3 DCM N
Ry | o
Ry
SCHEME 4
A
A DCM \'(\ ll\
+ ¢ K/X B+ /Y\
OH B N=Cs N HN/_‘X B
N HN 7 X " -N-O N L
) o |
R R, ©
A
R v
N=C=0 ~B
. %
DCM NN
|
Ry 0
SCHEME 5
(\N/BOC
oH + HN/ \N—BOC pcll\flalglyl chloride, i-PrpEtN, N\)
) \T - )
Ry O R, O

\
z

|
N B
HCVEtOAC (\ NH  yethod A \/I
—_—— -

N N\) or N
| - Method B I
R, O R O
Method A (when Y=CO or SO,): CI-Y(A)B, £Pr&tN, CH,Cl,
Method B (when Y=bond or sp3 carbon): Br(orCl)-Y(A)B, K,CO3, CH3CN (or DMF)



WD 01/58891 PCT/US01/04210 -20- SCHEME 6 AA Y B Y-'B X Borane-THF N N
Jor aNCN | LAWTHF I RLORL SCHEME 7 A DCMI A YOB OH+ HN X\ B JX
+ B N NwWOMSBsN N ,v H\ Boc 0 O SP BCC A 1) HCVMEOH EtPR@ATUSOP0J210=C=0 YOB
2) K2003 / CH3CN / RICH2-Br rIX DOMN NJ 3) DCM | O N=C=O Boc A Y' B
NJN 10

_20_
SCHEME 6
A
A S0
Y.
A -
(\'X (\/X
Borane-THF
N N\JJ or - N N\/J
| LAH/THF |
Ry, O Ry
SCHEME 7
A
A DCM Yo A
5 : > 7x o /—/\If\
~ (Y B
N OH HN/‘K B ,_/_N=c=N_O \ N HN. X
Boc © ° El300 o
A 1) HCI/MeOH/EtOAc
®—N=C=o (./;\B 2) K,CO3/ CHsCN / R{CH,-Br
_—_— o
DCM AN ) R beM
I o N=C=0
Boc
A
Y
~B
G
'\|' N
R, ©

In the 7 schemes depicted above, the following
~abbreviations are used: tBu-C(0)-Cl = pivaloyl chloride;
iPr,EtN = diisopropylethylamine; DCM = dichloromethane;

5 HCl = hydrogen chloride gas; EtOAc = ethyl acetate; Et;N =
triethylamine; DMF = dimethylformamide; THF =
tetrahydrofuran; MeOH = methanol; BuyNI =
tetrabutylammonium iodide; HOBT = N—hydroxybenzotriazole;
EDC = 1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide

10 hydrochloride; LAH = Lithium aluminum hydride. Schemes
3, 4 and 7 are combinatorial chemistry typé wherein

reactants linked to a polystyrene solid support (“Sp”)



R, In the 7 schenes depicted above, the follow ng abbreviations are used:
tBu-C(O)-Cl = pivaloyl chloride; iPr2EtN = diisopropylethylam ne; DCM =

di chl orowetdizmseyr 5 HC1L = hydrogen chloride gas; Et QAc = atdyisoaoetiat e; Et 3N
= triethylam ne; DW = dinmethylformam de; THE = tetrahydrofuran; MOH =
met hanol ; Bu4dNl = tetrabutyl ammoni umi odi de; HOBT =

N- hydr oxybenzotri azole; EDC = -21-

1- ( 3- Di net hyl am nopr opyl ) - 3- et hyl car bodi i m de 10 hydrochl oride; LAH =

Li t hi um al um num hydri de. Schenmes 3, 4 and 7 are conbinatorial chemstry
type wherei #T& &dtt%mnts |inked to a pol ystyrene solid support ("SP') WO

01/58891 PCT/ USO01/ 042Q 1 rgrj’lpﬁ- g{(gséj%erggegog sch -gg@eﬂ;smgfg_ descri bed

in nore detail in the Exanple section. inthe art - wll be
wel | awar e cofetaSlanal ddeuExsaynmletsactidrhods for preparing conmpounds of
formula (1). The nerv rovgh s.tirru.laﬁé/ activity of the conpounds of

this invention may be%l Qa1 Hs sy FEind' Sevtalvekt 12%x s k assays
known i nst hesrdiltogdo® s1oht@ei ane i RO UNES DF i A Sop@iid o My be

tested in a neurite outgrowh assay using pheochronocytoma PCl2 cells as
descri bed byfamymHs dtl)al ., PNAS, 91, pp. 3.191- 3195 (1994). A sinilar

assay may be carried If%lcﬂ{(e 'f%rg)(;e‘r Sg%\é%‘érblﬁ?i@adh]%% astomy cells. o

Al ternatively, the ch root ganglia dassay described in United
States pat ewmppoudit o7 tdris nrGer$ idiamdyt dre einidigl Br cegpyeded. Chem
Lett., (199%£i%ggs%%%%% n%% 19%&1%15Q§g%§%ys known in the art. For
10 example, the compounds of this invention may be tested in
a neurite outgrowth assay using pheochromocytoma PC12
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
15 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.
The compounds of this invention may also be
20 assayed for nerve growth stimulatory 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), United States patent 5,721,256] or following
surgical sciatic nerve crush in rats.

25 The neuroprotective activity of the compounds
of this invention may be assayed using rat embryo ventral
mesencephalic cells in culture which are subsequently
exposed to the glutamate receptor agonist NMDA. This
assay 1is described in detail in the example section.

30 According to another embodiment, this invention
provides compositions comprising a compound of formula

(I) and a pharmaceutically acceptable carrier.



may be utilized. The conpounds of this invention may al so be 20 assayed
for nerve gromh stinulatory activity in vivo using a nouse nodel of

Par ki nsowosoieisgsgase [J. P. Steiner et al., Proc. Natl. Acad/UusSei421WUSA, 94,
pp. 2019-23 (1997), United States patent 5,721,256] or follow ng surgical
sciatic nerve crush in rats. 25 The neuroprotective activity of the
conpounds of this invention may be assaied using rat enbryo ventral
mesencephalic cells in culture which are subsequently exposed to the
glutamate receptor agonist NVDA. This assay is described in detail in the
exanpl e section. 30 AU GhbtheaceaiRrk Hertarigss | ekt nan
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har naceuti cal conpositions jinclude, but are not limted to, ion
gxchangers, sdzletﬁﬁ% éelﬁﬁtﬁ'thﬂ ATHUREOTLIT hi B AU PP FFHE ™ such as

human sesumA KRBT bu iR usdihstians es, $Uds hahasphal ,esg%}géy&é ne,
S

sorbic acid, potassiumsorbate, partial glyceride m xtures sat ur at ed
veget abl e f &anpigciags d wardras sigin soratd e@awiyalesglyerniade prot am ne

sulfate, di sadiume Il Quen, DNASPRAL L. AOIASE] U hyd ogen, phosphat £  sodi um
col1 o1 dal ?

10 chloride, zinc salts, I ca, nagnesium trisilTicate,
pol yvi nyl pyrr @liedane,l yaedd ,ulsagsr as qakrotsanbisteannelst a o) i dydieme gl ycol

;g?;gphgﬁgﬁgﬁyga%%%%igiﬁﬁcr lai;é%ersdgevr\?xp%'lsdsphate, sodium

10 chloride, zinc salts, colloidal silica, magnesium
trisilicate, polyvinyl pyrrolidone, cellulose-based
substances, polyethylene glycol, sodium carboxy
methylcellulose, polyacrylates, waxes,
polyethylene-polyoxypropylene-block polymers,

15 polyethylene glycol and wool fat.

In another embodiment, the pharmaceutical
composition of the present invention is comprised of a
compound of formula (I), a pharmaceutically acceptable
carrier, and a neurotrophic factor.

20 The term "neurotrophic factor," as used herein,
refers to compounds which are capable of stimulating
growth or proliferation of nervous tigsue. Numerous
neurotrophic factors have been identified in the art and
any of those factors may be utilized in the compositions

25 of this invention. These neurotrophic factors include,
but are not limited to, nerve growth factor (NGF),
insulin-like growth factor (IGF-1) and its active
truncated derivatives such as gIGF-1 and Des(1-3)IGF-1I,
acidic and basic fibroblast growth factor (aFGF and bFGF,

30 respectively), platelet-derived growth factors (PDGF),
brain-derived neurotrophic factor (BDNF), ciliary

neurotrophic factors (CNTF), glial cell line-derived



15 pol yethyl ene glycol and wool fat. In another enbodi nent, the

phar maceuti cal conposition of the present invention is conprised of a
conpoundwaXoifsssarul a (1), a pharmaceutically acceptable camwissi/osand a
neurotrophic factor. 20 The term "neurotrophic factor," as used herein,
refers to conmpounds which are capable of stinulating growth or
proliferation of nervous tissue. Numerows- neurotrophic factors have been
identified in the art and any of those factors may be utilized in the
conpositions 25 of this invention. These neurotrophic factors include, but

are not | i mnetFatgoniers e aftens h(FRlor et ropkinyt 3 n(¥T«® 3pdwt h f act or

| GF-1) and 4 i t c \ ri vagy -1 and
E)es( 1- é) I @-ﬁ%ﬁﬁ(ﬁp\gﬁfndi)ﬁg;sﬁiﬁ%%ﬁdbl thsk%é/g?%%vty %?:?%% aFGF and bFGF,

30 respecti welurot yudatied eflacsrr vied tgreowidndet oreng RGRhis hirmaventdeonved
neur ot r ophi ¢ f or (BDNF), ciliary neurotrophic factors (CNTF), gli al
cel | line-dérived WO 01/58891 PCT/ USO1/ 04210 - 23 neur ot rophi c factor

(GDNF), seurotrophi n- 4 Nlsed aittre TEUNHd QR b Abd (Mmgbids TheedDsh
preferred neurotrophic factor in the conpositions of this invention is

NGF. 5 As usd¢ mheaimgcqiel aiels cramRep idompsurrid usridhode ehetlpkar maceut i cal
phar maceut Al SeCeptabl s ety ek TRET GUre R Dht e et 1 cal |y

pharmaceutically acceptabl erivatives

accept abl e derdepataibles’ deniotaasi vy gitearamdteutA caphyriidraccem by e sal t,

ester, or salt of LiCh ster, of a corg)ound of this inventioF or any ot her
e deno 1ly

cormpound Wh@gﬁgpta erivative" es any pharmaceutica

10 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

15 ability to promote repair or prevent damage of neurons
from disease or physical trauma.

If pharmaceutically acceptable salts of the
described compounds are used, those salts are prefefably
derived from inorganic or organic acids and bases.

20 Included among such acid salts are the following:
acetate, adipate, alginate, aspartate, benzoate,
benzenesulfonate, bisulfate, butyrate, citrate,
camphorate, camphorsulfonate, cyclopentanepropionate,
digluconate, dodecylsulfate, ethanesulfonate, fumarate,

25 glucoheptanocate, glycerophosphate, hemisulfate,
heptanocate, hexanoate, hydrochloride, hydrobromide,
hydroiodide, 2-hydroxyethanesulfonate, lactate, maleate,
methanesulfonate, 2-naphthalenesulfonate, nicotinate,
oxalate, palmoate, pectinate, persulfate,

30 3-phenyl-propionate, picrate, pivalate, propionate,
succinate, -tartrate, thiocyanate, tosylate and

undecanocate. Base salts include ammonium salts, alkali



upon administration to a patient, is capable of providing (directly or
indirectly) a conpound of this invention, or a netabolite or residue

t her eof , weh@arsagdier i zed by the 15 ability to pronote repairCToUSOpLOEIENnt
damage of neurons from di sease or physical trauma. |f pharmaceutically
acceptabl e salts of the described conpounds are used, those salts are
preferably derived frominorganic or orkdanic acids and bases. 20 I|ncluded
anong such acid salts are the following: acetate, adipate, alginate,
aspartate, benzqate,. benzenesulfonate, bisulfate, butyrate, citrate,
canphor at e, "e&fgh &R orfitcd aci/cﬂciﬁdéﬁt ATEh RSP T En Fcﬁlgq%ccﬁﬂdf%llne

dodecyl sul f%ta%thet"%ac%qstgaflo&at %uh G act“"elclLﬁ'gx%{noat2g %1

gl ycer ophosphat e, hem sul fate ept anoat e or| de,
hydr obr om d(saltlsydnml’oehnmnzzb Mwy@iﬂnmldmh@heﬁmmme mal eat e,

net hanesul f on al_enesul f anat e, coti nate, . oxal ate, | noat e,
pectinate, @i&ﬁl filt HS Wgﬁrﬁﬁ &Tﬁi Salfig vt g aat"?a{)‘il

propi onasg e, suwlc@sn&tx@lrhafet reltﬁlriéﬂ %&1\6@% &Gotdsy| A\@nd hdinslecanoat e.

Base salts include amonium salts, alkali WO 01/58891 PCT/ USO1/ 04210 -24

met al sal t s MisFewess csudiain g Sﬁftﬁ%l%ﬂ i (a9t widdy t91qtet al
salts, such 3% ‘f:%' %I UTO%Q rq%% s,sucsrgla{ssrygd{ylor%am base; such

as di cycl ohe am ne sal ts dl ucam ne salts h am no
acids 5 suc@r@@yar,giamdnémtly;ﬂsmirﬂ,oraldé s bbrfapritdes ArsD 1ddneid:sa;5|d1alky1

ni t r ogen- cont |n| n% “r%&s cargi.be ait erni zed W|t suc a??ﬂedi Iower
al kyl hal i d888G€ A 1&%’?31 éﬁ@ﬁ% 391 brom des
and i odiglessudifakk¥!, long chain halides such as decyl, lauryl,

myristyl and stearyl chlorides, bromides and iodides,

aralkyl halides, such as benzyl and phenethyl bromides

and others. Water or oil-soluble or dispersible products

are thereby obtained.

15 The described compounds utilized in the
compositions and methods of this invention may also be
modified by appending appropriate functionalities to
enhance selective biological properties. Such
modifications are known in the art and include those

20 which increase biological penetration into a given
biological system (e.g., blood, lymphatic system, central
nervous system), increase oral availability, increase
solubility to allow administration by injection, alter
metabolism and alter rate of excretion.

25 The compositions of the present invention may
be administered orally, parenterally, by inhalation
spray, topically, rectally, nasally, buccally, vaginally
or via an implanted reservoir. The term "parenteral" as
used herein includes subcutaneous, intravenous,

30 intramuscular, intra-articular, intra-synovial,
intrasternal, intrathecal, intrahepatic, intralesional

and intracranial injection or infusion techniques.



sul fates, such as dinmethyl, diethyl, dibutyl and dianyl 10 sul fates, |ong
chain halides such as decyl, lauryl, nyristyl and stearyl chlorides,
brom deswanad/38gxdi des, aral kyl halides, such as benzyl amtTprssmesiyl

brom des and others. Water or oil-soluble or dispersible products are

t her eby obtained. 15 The descri bed conpounds utilized in the conpositions
and nethods of this invention may al so 4% - nodi fi ed by appendi ng
appropriate functionalities to enhance sel ective biol ogical properties.
Such nodifications are known in the art and include those 20 which
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subcut aneous, intravenous, 30 intranuscular, intra-articular,

i ntr a- synovitglchniowesadin@wialin ithte @ttecsd ing muidiadpa idispensiatesbonal

and intracranial. injectiq r. infusion techni gues. 01/ 58891

PCT/ US01/ 04 6%1-11?; a%reé{’ftesjpaab dy, utslr#eencd(}n sa}%elngtnss’ arr‘[\e@%a %en]iﬂls %®red oral | Y,

i ntraperitoregldotatrld mivepepaaisdy maSt erlide benjeecitadtia § e ofalh he

conposi tions %f this invention nmay be aqueous or oleaqinous suspension. 5
These suspefSidrs Fay hEUHSRA A ed B St PR parenterally

10 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

15 as a solvent or suspending medium. For this purpose, any
bland fixed o0il may be employed including synthetic mono-
or di-glycerides. Fatty acids, such as oleic acid and
its glyceride derivatives are useful in the preparation
of injectables, as are natural

20 pharmaceutically-acceptable oils, such as olive o0il or
castor oil, especially iﬁ their polyoxyethylated
versions. These o0il solutions or suspensions may also
contain a long-chain alcohol diluent or dispersant, such
as Ph. Helv or similar alcohol.

25 The pharmaceutical compositions of this
invention may be orally administered in any orally
acceptable dosage form including, but not limited to,
capsules, tablets, aqueous éuspensions or solutions. In
the case of tablets for oral use, carriers which are

30 commonly used include lactose and corn starch.
Lubricating agents, such as magnesium stearate, are also

typically added. For oral administration in a capsule



techni ques known in the art using suitable dispersing or wetting agents
and suspending agents. The sterile injectable preparation may also be a
sterile wga@aesshl e sol ution or suspension in a non-toxi cqrarssmvenal |y 10
acceptabl e diluent or solvent, for.exanple as a solution in

1, 3- but anedi ol . Anong t he acceptable vehi cl es and solvents that may be
enpl oyed are water, Ringer's solution &afd isotonic sodiumchloride
solution. In addition, sterile, fixed oils are conventionally enpl oyed 15
as a solvent_or suspendigg,nedlunl For this purpose, any bland fixed oi
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preparation of injectables, as are nat ura y-accept abl e
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not linmted to, caps@%léserrtaéjdi"étls)/ ddife dib BiagrRiHst ORGP LEIONS. |In
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i nclude lactose and corn starch.” Lubricating agents, such as nagnesi um
stearate, ameip@lcsd tdryigiscdldry radded d:chrrlrursatlraetohmml stTlseoncam e capsul e

WO 01/58891 PCT/ Us01/,04210 f or S d| | ue ncl ude | act ose and
dried corn dl\m’eﬁn éﬂﬁ@)& rgpeé'i:]ts ﬁegurler}q%?]lreed for oral

10 non- 1rr1tat1ng excipient which is solid at room
temperature but liquid at rectal temperature and
therefore will melt in the rectum to release the drug.
Such materials include cocoa butter, beeswax and
polyethylene glycols.

15 The pharmaceutical compositions of this
invention may also be administered topically, especially
when the target of treatment includes areas or organs
readily accessible by topical application, including
diseases of the eye, the skin, or the lower intestinal

20 tract. Suitable topical formulations are readily
prepared for each of these areas or organs.

Topical application for the lower intestinal
tract can be effected in a rectal suppository formulation
(see above) or in a suitable enema formulation.

25 Topically-transdermal patches may also be used.

For topical applications, the pharmaceutical
compositions may be formulated in a suitable ointment
containing the active component suspended or dissolved in
one or more carriers. Carriers for topical

30 administration of the compounds of this invention
include, but are not limited to, mineral oil, liquid

petrolatum, white petrolatum, propylene glycol,



use, the active ingredient is conbined with enmulsifying and suspending
agents. If desired, certain sweetening, 5 flavoring or coloring agents my
al so be wadadssyl t ernati vel y, the pharnaceuti cal conposi tAcamsso1o4210 hi s
invention may be administered in the formof suppositories for rectal

adm ni stration. These can be prepared by mxing the agent wwth a suitable
10 non-irritating excipient which is soldd at room tenperature but |iquid
at rectal tenperature and therefore will nmelt in the rectumto rel ease the
drug. Such materials include cocoa butter, beeswax and polyethyl ene

gl ycol s. 15 PR BHATRCERT c RO BHPET IR BN COrRRUnd nveiie] St YdgJ al so be

adm ni st ere%é:@@r&?'dﬁ‘ﬁere.w%i@é%r%’aet%@} h-q,u% a%%%tmé)éeﬁéfgéirent i ncl udes

areas or organs readily accessi t‘opi ca I cation, 1ncluding
di seases of ddmpasyjie,idrre ki rhe dfornnel dtovdrin rd estirabl 0l ot Ao . oBui t abl e

topi cal fornul ati ons ar.e readi.l repared for each of these areas or
organs. TopidRe T SBTEHT 010 101 tHEE TR TR T U SR AE (o be ef f ect ed

in a rectal SURRASIHDMN ftddathde dsganalonelcoI1y cspidsbl e enema
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conpounds ofcetthils eshears ivax, iceiamde;]l ElicareEl nat-datgldskiéoanad neral oil,

:DiC%]';JiLJgOlllOSEl@OI aztytirna1\/(\:A?Dihtoe_L %entc{ o“lraatteurrp propyl ene glycol, WO 01/58891

10 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

15 benzylalkonium chloride. Alternatively, for ophthalmic
uses, the pharmaceutical compositions may be formulated
in an ointment such as petrolatum.

The pharmaceutical compositions of this
invention may also be administered by nasal aerosol or

20 inhalation. Such compositions are prepared according to
techniques well-known in the art of pharmaceutical
formulation and may be prepared as solutions in saline,
employing benzyl alcohol or other-suitable preservatives,
absorption promoters to enhance biocavailability,

25 fluorocarbons, and/or other conventional solubilizing or
dispersing agents.

The amount of both a described compound and the
optional neurotrophic factor that may be combined with
the carrier materials to produce a single dosage form

30 will vary depending upon the host treated and the
particular mode of administration. Preferably, the

compositions should be formulated so that a dosage of



- 27 pol yoxyet hyl ene, pol yoxypropyl ene conmpound, emnul sifying wax and water.
Al ternatively, the pharnmaceutical conpositions can be fornmulated in a

sui t abl ewloatirsesvior cream contai ni ng the active conponentrcTsupesded or 5
di ssolved in one or nore pharmaceutically acceptable carriers. Suitable

carriers include, but are-not limted to, mneral oil, sorbitan
nonost earate, pol ysorbate 60, cetyl estds wax, cetearyl alcohol
2-octyl dodecanol, benzyl alcohol and water. 10 For ophthal m c use, the

phar maceutical conpositions may be fornul ated as_m croni zed_suspensi ons
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descri bed caiyzagsd sand e tnoptt aresd imeeuriodr ophyr drici oul dhapatbgntbe
conbined with_.the carrier materials to produce a sjing]e dosagg form 30
will vary dé’plelﬂuﬁ?@ PRHAE hor 1§%at Py including the

10 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

15 active ingredients will also depend upon the particular
described compound and neurotrophic factor in the
composition.

According to another embodiment, this invention
provides methods for promoting repair or preventing

20 neuronal damage in vivo or in an ex vivo nerxrve cell,

Such methods comprise the step of treating nerve cells,
glial cells, chromafin cells or stem cells with any of
the compounds described above. Preferably, this method
promotes repair or prevents neuronal damage in a patient,

25 and the compound is formulated into a composition
additionally comprising a pharmaceutically acceptable
carrier. The amount of the compound utilized in these
methods is between about 0.01 and 100 mg/kg body
weight/day.

30 According to an alternate embodiment, the
method of promoting repair or preventing neuronal damage

comprises the additional step of treating nerve cells



particul ar node of adm nistration. Preferably, the conpositions should be
formul ated so that a dosage of WO 01/58891 PCT/US01/ 04210 -28 between 0.01
- 100 ngwogoikrssyr wei ght / day of the described conpound carCiresoadwiini st er ed.
If a neurotrophic factor 1is present in the conposition, then a dosage of
between 0.01 pg - 100 ng/ kg body wei ght/day of the neurotrophic 5 factor
can be adm nistered to a patient recei vid®gy these conpositions. It should
al so be understood that a specific dosage and treatnent reginmen for any
particular patient w | depend upon a variety of factors, including the 10

activity of "t $pa @it xBIsuTR &R oyBtED 3 Hese erltaieghin gener al

heal th, sex,.di harhria{EEe icasid@dt?dt 4184 Ql .6Ptterh1§ .ﬁiﬂ%r%icgr{‘.i hcejﬂg]g%eri ty

0
conbi nati on, an the judgnent o e treating physician an
of the part ieodlcaiindirgease lhelary sdneiatied e rlilvey arhorintomdourbd anid viehe
ingredients will also .depend upon theigfgairtichl;‘%ar escri bed conmpound and
neur ot r ophi EFEAG R G RIS Lonpbd 5318 LA T ot Her  enbodi ment

this inventiseparRit@yi des koD fadfe FIRL I NOL £ ERGdrHe RISVRM I Ng 20
neuronal danmage in vivo or in an ex vivo nerve cell. Such nethods conprise
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10 this 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 include,
but are not limited to, Alzheimer’s disease, Parkinson’s
15 disease, ALS, Huntington’s disease, Tourette'’s syndrome,
multiple sclerosis, stroke and ischemia associated with
stroke, neural paropathy, other neural degenerative
diseases, motor neuron diseases, peripheral neuropathies
including chemoneuropathiesg, sciatic injury, spinal cord
20 or brain injuries, facial nerve damage, nerve damage
associated with surgery or chemotherapy, retinopathy,
macular degeneration, depression or schizophrenia.
The methods of this invention used to stimulate
axonal growth in nerve cells are also useful in
25 increasing nerve graft survival and differentiation,
increasing stem cell transplant survival and
differentiation, and in increasing glial cell transplant
survival and differentiation.
In a particularly preferred embodiment of the
30 invention, the method is used to treat a patient
suffering from trigeminal neuralgia, glosspharyngeal

neuralgia, Bell’s Palsy, myasthenia gravis, muscular



nmet hods i s between about 0.01 and 100 ng/ kg body wei ght/day. 30 According
to an alternate enbodinent, the nethod of pronoting repair or preventing
neur onal wdemsg®1 conpri ses the additional step of treati mgmeovedael | s WO
01/58891 PCT/ US01/ 04210 -29 with a neurotrophic factor, such as those
contained in the pharmaceutical conpositions of this invention. This
enbodi nent includes adm nistering the c@&fpound and the neurotrophic agent
in a single dosage formor in 5 separate, nultiple dosage forns. If
separate dosage fornms are utilized, they may be adm ni stered

concurr ent I YS&G?@&%t impes G/l & ri A U N Hessr @ SV @ BB CEL 2 1h Gl EORMY one

anot her. I‘Hnu 41 £&NQLY ea[r ’Hj&%l@éﬁ m&é‘&fc%f o[;ﬂ{eyco LAY S dgvention

are used to st at’e axona nerve ounds™ af e,

t herefore, swigtaidesi f ar ;tn’cﬂfétpsnagi armm:ﬁyeeﬂtaeﬂgdirmurmairdim,e caused by a
wi de variety of di,seases. or physical traumas._ These include, but are not

linited to, SRPH&EHerSROM% BRI SR SO I 5 dRF AN TS Ok F ngt on’ s

di sease, sToweegttx%cscl%m@ﬁ{@mmégﬂ tddd I RO LT O5d Sropdt1PKss anghidiscdiem a
associated with stroke, neural paropathy, other neural degenerative

di seases, Ymsmmlmedjlb&eélﬁ@si,, ;ﬁapqﬂm,altlrrém,opat Iasohy it uddtige

chem)neurop t hi | 4nj rd. 20 ,0r brain |nj uries, facial
nerve damagg eii %?Tfésa as&slom a rdsnvvfnf]‘nZ seulrnglgeeIFy oér) * Thenot herapy,

reti nopat hy,GulﬁRQui-Gald:&g@l’}&fc“&tdm HaXiesS0r0Ts i Sedd ez o esileer The
met hods of thi S invention used to stinulate axonal growth in nerve cells
are al so usé?ﬁ]HQ?onlan disorders, ALS, Tourette’s syndrome,

10 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

15 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.

20 More preferably, the compositions of the
present invention are used for treating Parkinson’s
disease, amylotrophic lateral sclerosis, Alzheimer’s
disease, stroke, néuralgias, muscular atrophies, and
Guillain-Barre syndrome.

25 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

30 parenteral administration. Administration can be oral or
sublingual as a solid in the form of capsules or tablets,

as a liquid in the form of solutions, suspensions,



25 increasing nerve graft survival and differentiation, increasing stem
cell transplant survival and differentiation, and in increasing glial cel

t ranspl amo o1ss88aai val and differentiation. In a parti cul ardgr/psoedheno ed
enbodi nent of the 30 invention, the method is used to treat a patient
suffering fromtrigem nal neural gia, glosspharyngeal neuralgia, Bell's

Pal sy, nyasthenia gravis, nuscular WO 083158891 PCT/US01/ 04210 -30
dystrophy, muscle injury, progressive nuscul ar atrophy, progressive bul bar
i nherited nmuscul ar atrophy, herniated, ruptured, or. prol apsed invertebrae
di sk syndr orfd! i1 rspe AR LA C W SHU WLl Lot exas KR GHder’s, thdokEr cobutl et 5

destruction S%ﬁify RS, RErifhenale ﬁ%t i 15 S¢ hﬂ§f & d by
| ead, dapsone, 'ticks, lor ‘por phyri e{nﬁe(ly)ﬁtr er &pg%p erQ%f@nyoellti ndr sof ers,
Al zhei ner' s whiisgassn beuldiaiem Barbrestsymetrosig;, Hartkiawsossl aif sgaser and ot her

Par ki nsoni an _di sorders,. ALS, Tourette's syndrone, 10 nultiple sclerosis,
ot her centra® "’anr?uﬁlé’ord’éfr?%l reKe @ﬁvs‘?fhetrﬁ%l%sjo‘éi%’fed with

stroke, weuridtrHRRALRY., ohBan ey dusiagenaratide s apsesyedot or
neuron di seases, sciatic injury, neuropathy associated wth diabetes,

spi nal cordMagigingd, fog@udiatieny dnajugs tBe dmewt merganriwmnd

chenot her apy- qge t I L3t Qhs idyluged : i.es, phgton's

di sease, aﬁ C)p otng'lchnecrfalrbrl q:sl %Q?gln #sease%%%lﬂcaﬂégsl%%%géf{bw Body
di sease, Al shwihmers watiesgasellaiyn ,Baoyn \eardakaint,, laearadd alstBirdhed, Denenti a,

and Front ot enpor aIi Der:%nti a. 20 re Q/_reqff%r’a%l , [the coqposiﬁifgge of the
present i nvE8REGIT A SUSET 6 ¢ i ng Sds, polyalky
10 glycols, etc. The medicinal formulations may also
contain preservatives, stabilizers, wetting agents,
emulsifiers, or salts to change the osmotic pressure or
as buffers.

Solutions or suspensions for injection are

15 suitable for parenteral administration, and especially
aqueous solutions of the active compounds in
polyhydroxy-ethoxylated castor oil.

Surface-active auxiliary substances such as
salts of gallic acid, animal or vegetable phospholipids,

20 or mixtures of them, and liposomegs or their components,
can be used as carrier systems.

The neurotrophic effect of the compounds of
formula (I) of the present invention and their
physiologically aéceptable salts can be determined using

25 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

30 (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



di sease, anylotrophic lateral sclerosis, Al zheiner's disease, stroke,
neur al gi as, nuscul ar atrophies, and GCuillain-Barre syndrone. 25 For use of
t he conpewndssssacording to the invention as nedi cati ons,pdmesp1asxao
admnistered in the formof a pharmaceutical preparation containing not
only the active ingredient but also carriers, auxiliary substances,

and/ or additives suitable for enteric o330 parenteral adm nistration.

Adm ni stration can be oral or sublingual as a solid in the form of

capsul es or tablet as a liquid in the formof solutjons,. suspensions, WO

s )
01/ 58891 PCRASHY 54?]?(51_'5-4371 X i3 S, Se rfdy) Qg %tmﬂjsi OMept al in
the form of ycHiPROSI O . OF (1dbH e O I8 Al SOldM | ONSed Ofnd AlES! i ON

whi ch can be grven—subcutaneously, intramuscularly, or 1ntravenously, or
whi ch can benagi \en utdgiizald.y or 5 intrathecally. Auxiliary substances for

the desired nedicinal_.fornulatio i‘?r:él de the iq:e.rt or anif antg i norganic
carriers known to t hose s KRS t 1S HERHHE Bt erd - 9R1ATi n, gum

arabic, $actRsfiyed FhemrvdRERAGIVM S BAIE) Gin tvil o VeUey abl fowsds,
pol yal kyl ene 10 glycols, etc. The nedicinal formulations nmay also contain

preservat i v&dadt g |Razdsiqisapets iHEerfsht &7 Bmitsiney st il sal P8¢ o

change the @gmmti g JYLSHYE Ysa a594bufé§r§e.rszo 2Pl 44 | Onsg-pry suspensi ons for
i njection are 15 surtabte for parenteral adlm' nistration, and especially
aqueous sol utions of tlme cacltsrv e heonpduing siriven goiciny Hyad moxaye efdnbky | at ed

castor oil. u%'gefraé %_oadc,t It\flee %)S.Ill Swairr}/g Se%cbasngp%.rzecse Sa rseu Cshe tasf orth. These
10 examples are for the purpose of illustration only and are
not to be construed as limiting the scope of the

invention in any way.

Example 1

15 1-[(S)-2-(1,1-Diphenylmethyl) -pyrrolidin-1-yl]-1-((S)-1-
ethyl-piperidin-2-yl) -methanone (Compound 27)

To a solution of l-ethyl-(2S8)-piperidine-2-
carboxylic acid (158mg, 1.0mmols, 1.2eq.) in 5mL
anhydrous DCM was added N,N-diisopropyl-ethylamine

20 (585uL, 3.4mmols, 4.0 eq.) The reaction was stirred
under N, for 10 min. then treated with pivaloyl chloride
(124pL, 1.0mmols, 1l.2eq.) drop-wise via syringe. The
reaction was stirred 1.5h, then treated with a solution
of (S)-2-(1,1-diphenyl-methyl)-pyrrolindine (199mg,

25 0.84mmols, 1.0 eqg.) in 2mL anhydrous DCM drop-wise, and
stirred at room temperature (“RT”) for 96h. The reaction
was diluted with 20mL DCM and washed with 20mL saturated
NaHCO;. The agqueous layer was extracted twice with 20mL

DCM, then the combined organics were washed with water



salts of gallic acid, animal or vegetable phospholipids, 20 or m xtures of
them and |iposones or their conponents, can be used as carrier systens.
The neurwwraymssa ef fect of the conpounds of formula (1) rafi/tseeogmesent
invention and their physiologically acceptable salts can be determ ned
using 25 several cell culture assays known in the art or the assay
described in Exanple 66. For exanple, ttectonpounds of this invention may
be tested in a neurite outgrowth using pheochronocytoma PCl2 cells as
described by W E. Lyons et al., Proc. Natl. Acad. Sci. USA 91, pp.

3191- 3195 3R FF4 nerAiﬁJrﬁCi AVHs ATy Peliatrei okl brered FPEY5Y  human

neur obl ast on®, LRl Se N t 6F A tfé/ Fue e %5}}%1 42% H)%% pdanglia assay

described in United States 58891 P patent 5, 614, 547
or in G S. ddaminateymstplal . 983fboing:hlchmnemaam/m®thanol)1959ﬂe)1®ndg

r ef erences ed ther ilized. The c 0 s.of this invention
may al so be%tléf?séifeéf%corkr n% ‘%/'\7{ H das v'?-gi %n%%ﬂ ity gb%use

model of 5 ParddMsel svalitenssvick thkStsféltﬂﬁfatfgd @hchcﬁ’; oc Thé\l&IalsmAcad Sci .
USA, 94, pp.. 2019-23 (1997)] In order that this invention be nore fully

undef'st ood, AyEH mq%ﬂ%fg%s@ﬁolw%r@@étm@r tPCM Thez@ the exelpired are
for the purpose Qf.d 'mlétirs]et i UHoe and e e 10t ﬁc? c?r? %%”ﬁlié‘?g x?f (s)

limting the scope of e Invention in any way.
-2- (1, 1-Didhiedylavetrhydddiymy rewl fistien- |£)lldered, (4ﬁ§ evaporated in

vacuo to afford 172 mg (58%) of the title compound. *H NMR

10 (Bruker, 500MHz,CDsOD): d 7.50-7.10 (m, 10H), 5.25 {(m,
1H), 4.50-4.10 (dd, rotomers, 1H), 4.00-3.65 (m, 1H),
3.60-3.30 (m, 1H), 3.20-2.80 (m, 2H), 2.70-2.50 & 2.30-
2.15 (m, rotomers, 1H); 2.10-1.20 {m, 12H). 1.10 & 0.90
(t, rotomers, 3H) ppm. MS (M+H) 377. .

15 Using the procedure described in Example 1 the .
compounds set forth in Examples 2 through 8 were

prepared:

Example 2

20 1-[4-(1,1-Diphenylmethyl)piperazin-1-yl]-1-((S)-1-
ethylpiperidin-2-yl)methanone (Compound 1)
1H NMR (CDCl1l3, 500 MHz) 6 7.35(m, 4H), 7.18 (m, 4H), 7.11
(m, 2H), 4.16 (s, 1H, Ph2CH), 3.99 (br s, 1H), 3.78 (br.
s, 1H), 3.61 (br. s, 1H), 3.51 (br. s, 1H), 2.98 (m, 2H),

25 2.55 (m, 1H), 2.32-2.22 (m, 4H), 2.10 (m, 1H), 1.78 (m,
1H), 1.62-1.38 (m, 5H), 1.18 (m, 1H), 0.95 (t, 3H) ppm.
MS (M+H): 392.5



et hyl - pi peri di n-2-yl)-nmet hanone (Conpound 27) To a sol ution of

1-ethyl -(2S)-pi peridine-2- carboxylic acid (158ng, 1.0mmols, 1.2eq.) in 5nL
anhydr ouwoDGkssws added N, N-dii sopropyl - et hyl am ne 20 (58%iTusodosrool s, 4.0
eq.) The reaction was stirred under N2 for 10 mn. then treated with

pi val oyl chloride (124pL, 1.0mmols, 1.2eq.) drop-w se via syringe. The
reaction was stirred 1.5h, then treated3#ith a solution of

(S)-2-(1, 1-di phenyl -net hyl ) -pyrrolindine (199ng, 25 0.84mmls, 1.0 eq.) in
2m. anhydrous DCM drop-wi se, and stirred at_roomtenperature ("RT") for
96h. The reaction was diluted with 2¥PEEM and washed with 20nL saturated
NaHCO3. The aqueous | ayer was extracted twce with 20nL DCM then the
conbi ned organi cs were washed with water WD 01/58891 PCT/ US01/ 04210 -33
and brine, dried over § um sul fate, filtered, and evaporated. The
residue was purified viaZtl ash chromat ography (98/2

di chl or onet hane/ net hanol ) yiel ding 261ng product. The product was then

di ssol ved i@t shed twice with saturated NaHCO3. The basic
-l ayer was % ce N 20nL DCM and the conbi ned organics were
washed oncengf ter and once with brine, dried over sodium Sul fate,
filtered, a orated in vacuo to afford 172 ng (58% of the title
conmpound. 1 0( r.uker CD3AD) : d75 710 10H), 5.25 (m
1H), 4.50- 4%@2@? 5@?’@’ “‘@}Mﬂﬁd@ aé’b*“g %&@0"3r 30 (m 1H),
3.20-2.80 (fF 1P?r?611? B0 Y4 ) Fethanongs (Gom = 2.10-1.20 (m
12H). 1.10 & 0.90 (t, rotoners, 3H) ppm WM (MH) 377. 15 Usi ng the
procedur® dééIcNMBedCDﬁ?IExaﬁ@IOeMlIZt)hé 7.35 (m, 4H), 7.2 (m, 4H), 7.08

(m, 2H), 4.12 (s, 1H), 3.98 (br. s, 1H), 3.78 (br. s,

1H), 3.59 (br. s, 1H), 3.51 (br. s, 1H), 2.98 (m, 2H),

2.58 (m, 1H), 2.35-2.25 {(m, 4H), 2.10 (m, 1H), 1.81 (m,

1H), 1.65-1.40 (m, 5H), 1.14 (m, 1H), 0.95 (t, 3H) ppm.
10 MS (M+H): 392.5

Example 4

Iar=ve

1-(5-benzyl-2,5-diaza-bicyclo[2.2.1] -hept-2-yl)-1-((8)-1-
ethyl-piperidino-2-yl)-methanone (Compound 24)

15 82mg (33%) crystalline product. 1H NMR (Bruker
500MHz,CD3;OD): 4 1.1 (m, 3H); 1.2-1.5 (m, 2H); 1.5-1.9 (m,
6H); 2.0-2.4 (m, 3H); 2.6-2.8 (m, 2H) 2.9 (m, 1H); 3.1-
3.3 (m, 2H); 3.4-3.65 (m, 2H); 3.7-3.9 (m, 2H); 4.6-4.8
(dd, 1H); 7.2 (t, 1H); 7.3-7.4 (m, 4H) ppm.

20 MS (M+H): 377



conmpounds set forth in Exanples 2 through 8 were prepared: Exanple 2 N NJ
| / 0 20 1-[4-(1, 1- Di phenyl net hyl ) pi perazin-1-yl]-1-((S)-1-

et hyl pi paa disssdd- yl ) met hanone ( Conpound 1) 1H NWVR ( CDC13,PCa0dsolmidio 8
7.35(m 4H), 7.18 (m 4H), 7.11 (m 2H), 4.16 (s, 1H, Ph2CH), 3.99 (br s,
1H), 3.78 (br. s, 1H, 3.61 (br. s, 1H), 3.51 (br. s, 1H), 2.98 (m 2H)

25 2.55 (m 1H), 2.32-2.22 (m 4H), 2.X33m 1H, 1.78 (m 1H), 1.62-1.38
(m 5H), 1.18 (m 1H), 0.95 (t, 3H ppm M (MtH): 392.5 WO 01/58891

PCT/ USO01/ 04210 -34 Exanple 3 JN o 1- [4- (1,

1- Di phenyl net hyl ) pi perazi n-1-yl] -1-EX3mple15 et hyl pi peri di n- 2-yl ) met hanone
(Compound 15) 5 1H NWR (CDC13 500 MHz) S 7.35 (m 4H), 7.2 (m 4H), 7.08
(m 2H), 4.1 1H), 3.78 (br. s, 1H), 3.59 (br. s,
1H), 3.51 (hbr. 2.58 (n1 1H), 2.35-2.25 (m 4H), 2.10
(m 1H), 1.8N 65¢1.40 (m 5H), 1.14 (m 1H), 0.95 (t, 3H) ppm
10 Vs (MHH) : Exarrple4 N N

1- (5-benzyl - ,5- I aza- bi cycl o[ 2. 2. 1] - hept 2-yl)-1-((S)-1-

et hyl - pi per indi (3QBemEy1pTRlchaRamne é(qurmqm A1 Jér@éfﬂ;(é&@uwyst al l'ine

Ergdgcg (1HyNWBe&5k&%%@ (e_HMdn (m 2H);

5 1H NMR (CDC1l3, 500 MHz) & 7.25 (m, 4H), 7.21 (m, 1H),

3.95 (br.s, 1H), 3.74 (br. s, 1H), 3.61 (br. s, 1H), 3.52
(br. s, 1H), 3.41 (s, 2H, PhCH,), 3.04 (m, 2H), 2.58 (m,
2H), 2.36-2.28 (m, 4H), 2.12 (m, 1H), 1.80 (m, 1H), 1.71-

1.42 (m, 4H), 1.18 (m, 1H), 0.95 (t, 3H) ppm. MS (M+H) :
10 316.4
Example 6

1-(4—Benzylpiperidin-1-y1)-1-((S)-1—eth?1piperidin—2-
yl)methanone (Compound 26).

15 1H NMR (CDC1l3, 500 MHz) O 7.25-7.05 (m, S5H), 4.65 (br.s,
1H), 4.54 (4, 2H), 3.07 (m, 2H), 2.82 {(m, 1H), 2.58-2.38
(m, 4H), 2.12 (m, 1H), 1.82 (m, 1H), 1.7-1.38 (m, 7H),
1.22 (m, 1H), 1.06 (m, 2H), 0.96 (t, 3H) ppm. MS (M+H) :
315.4



6H); 2.0-2.4 (m 3H); 2.6-2.8 (m 2H) 2.9 (m 1H); 3.1- 3.3 (m 2H)
3.4-3.65 (m 2H); 3.7-3.9 (m 2H); 4.6-4.8 (dd, 1H); 7.2 (t, 1H),; 7.3-7.4
(m 4H) p@ovBPIVG (MEH): 377 WD 01/ 58891 PCT/ US01/ 04210 pCI36soExs| € 5
Crii / (IN O 1-(4-Benzyl pi perazin-1-yl)-1-((S)-1-ethyl pi peridin-2-

yl ) met hanone (Conmpound 16). 5 1H NWR (CDC13, 500 MHz) 8 7.25 (m 4H), 7.21
(m 1H), 3.95 (br.s, 1H), 3.74 (br. s,/384, 3.61 (br. s, 1H, 3.52 (br.
s, 1H), . 3.41 (s, 2H, PhCH2), 3.04 (m 2H), 2.58 (m 2H), 2.36-2.28 (m
4H), 2.12 (m 1H), 1.80 (m 1H), 1.71- 1 42 gﬁl 4H), 1.18 (m 1H), 0.95 (t,
3H ppm M (MrH): 10 316.4 Exanpl eE

1-(4- Benzylpiperidin-l-y-)-1-((S)-1-ethy|plperldln-2- yl ) met hanone
(Compound 26). 15 1H NWR_(CDC13, 500 MHz) 8 7.25-7.05 (m 5H), 4.65 (br.s,
1H), 4.54 (d, 2H), 3.0 N 2H), 2.82 (m 1H), 2.58-2.38 (m 4H), 2.12 (m
1H, 1.82 (m 1H, 1.7 38 (m 7H), 1.22 (m 1H), 1.06 (m 2H), 0.96 (t,
3H ppm MS (MtH): 315.4 WD 01/58891 PCT/US01/04210 -36 Exanple 7 F

1-{4-[1,1-Bis- (4-fluorophenyl)methyl] -piperazin-1-yl}-1-
((S)-1l-ethylpiperidin-2-yl)methanone (Compound 25).

5 H NMR (CDC13, 500 MHz) 06 7.53 (m, 4H), 7.14 (m, 4H), 4.39
(s, 1H), 4.22 (br. s, 1H), 3.98 (br. s, 1H), 3.84 (br. s,
1H), 3.74 (br. s, 1H), 3.25 (m, 2H), 2.81 (m, 1H), 2.54
(m, 2H), 2.48 (m, 2H), 2.36 (m, 1H), 2.04 (m, 1H), 1.90
(m, 2H), 1.84-1.62 (m, 3H), 1.41 (m, 1H), 1.18 (t, 3H)

10 ppm.

Example 8

1-[(1ls, 48)-5-(1,1-Diphenylmethyl)-5-diazabicyclo[2.2.1]-
hept-2-yl]-1-((8S)-1l-ethylpiperidin-2-yl)methanone
15 (Compound 17).
1H NMR (CDC13, 500 MHz) & 7.38 (m, 4H), 7.18 (m, 4H),
7.12 (m, 2H), 4.76 (s, 0.5H), 4.52 (s, 1H), 4.43 (s,
0.5H), 3.65 (m, 1H), 3.38 (m, 1H), 3.22-2.98 (m, 2H),
2.85-2.46 (m, 3H), 2.33 (m, 1H), 2.08 (m, 1H), 1.92-1.10
20 (m, 9H), 1.02 & 0.97 (two t, 3H) ppm.



N F 1-{4-[1, 1-Bis-(4-fluorophenyl)nethyl]-piperazin-1-yl}

-1-

((S)-1-ethyl pi peridin-2-yl)mnmethanone (Conpound 25). 5 H NWMR (CDC13, 500
MHz) S 7weB01(s88914H), 7.14 (m 4H), 4.39 (s, 1H), 4.22 (cT/eso1asy 3. 98
(br. s, 1H), 3.84 (br. s, 1H), 3.74 (br. s, 1H), 3.25 (m 2H), 2.81 (m
1H), 2.54 (m 2H), 2.48 (m 2H), 2.36 (m 1H), 2.04 (m 1H),
2H), 1.84-1.62 (m 3H), 1.41 (m 1H), 38 (t, 3H 10 ppm Exanple 8 CN

0 1-[ (1S, 4S) -5- (1,1-D phenyl nethyl) -5-diazabicyclo [2 .2 .é] -)
hept-2-yl]-1-((S)-1-ethyl pi peridin-2-yl)nmethanone 15 (Conpound 17). 1H NWR
(CDC13, 500 MHz) S 7.38 (m 4H), 7.1Bxgwplarf 7. 12 (m 2H),
0.5H), 4.52 (s, 1H), 4.43 (s, O0.5H), 3.65( m 1H, 3.38 (m 1H),

3.22-2.98 (m 2H), 2.85-2. 46 4
1.92-1.10 20 (m 9H), 1.02 @
PCT/ US01/ 04210 - 37 Exanpl e 9~.a

1.90 (m

4.76 (s,

3H, 2.33 (m 1H), 2.08 (m 1H),
(two t, 3H) ppm WO 01/58891
rLc & O 1- [4- (1, 1-D phenyl-nethyl)

-piperazin-1-yl] -1- [ (S) -1-|(4- fluoro-benzyl)-piperidin-2-yl]-nethanone

(Conpound 21). 5
met hyl ) - pi perazi n{l -y] ] -
(0.28 mmol, 1 equi W
pot assi um car bopat e

mL. of

320 ng of |-[4-(I,I-Di phenyl

di n- 2-yl - met hanone di hydrochl ori de
cetonitrile was added 300 ng of

17 mmol, 8 equiv.) and 200 pL of 4-fl ourobenzyl

1-[{4-(1,1-Diphenyl-methyl) -piperazin-1-yl]-1-[(S)-1-(4-
fluoro-benzyl) -piperidin-2-yl] -methanone (Compound 21).

5 To a solution of 120 mg ofll—[4—(1,1-Diphenyl—

methyl) -piperazin-1-yl]-1-(S)-piperidin-2-yl-methanone

dihydrochloride (0.28 mmol, 1 equiv.) in 10 mL of

acetonitrile was added 300 mg of potassium carbonate

(2.17 mmol, 8 equiv.) and 200 pL of 4-flourobenzyl

10 bromide (1.6 mmol, 6 equiv.). The reaction was allowed

to stir at 25 °C for 1 hr and then concentrated to a

white solid which was extracted with dichloromethane and

concentrated to a pale yellow oil. The crude product was

purified by silica gel chromatography (20:1 methylene

15" chloride:methanol, Rf = 0.2), yielding 56 mg ( 0.118 mmol,

20

42% yield) of 1-[4-(1,1-Diphenyl-methyl)-piperazin-1-yl]-
1-[(S)-1-(4-fluoro-benzyl) -piperidin-2-yl] -methanone as a
clear oil. 'H NMR (CDCl;, 500 MHz) d 7.35-7.05 (10 H, m,
Ar), 6.90-6.75 (4 H, m, Ar), 4.05 (1 H, s, Phy,CH), 3.7 (1
H, 4d, m, ArCH,), 3.5 (1 H, br s), 3.1 (1 H, m), 2.2 ( 4 H,
br s), 1.5 (4 H, br s), 1.35 (3 H, br s), 1.1 (2 H, br s)
ppm. MS: 472.44 (M+H) found.



10 bromde (1.6 mml, 6 equiv.). The reaction was allowed to stir at 25 C
for 1 hr and then concentrated to a white solid which was extracted with
di chl or owexizsgwiand concentrated to a pale yellow oil. Haa/cowdeipr oduct
was purified by silica gel chromatography (20:1 nethyl ene 15" chlori de:
met hanol, Rf = 0.2), yielding 56 ng ( 0.118 nmml, 42%yield) of

1-[4- (1, 1- Di phenyl - et hyl ) - pi perazi n-1-\A§~
-[(S)-1-(4-fluoro-benzyl)-piperidin-2-yl]-methanone as a clear oil. 1H
MR (CDC13, 500 MHz) d 7.35-7.05 (10 H m Ar) , 6.90-6.75 (4 H m Ar) ,
.0

hZPE

5(1H s, Ph2acH , 3 .7 (1 20 HEXR™RKe ACH2), 3.5 (1 H br s), 3.1 (1
H m, 222 ( 4H brs), 1.5 (4 H brs), 1.35 (3 H br s), 1.1 (2 H br
S) ppm NS 472.44(MrH) found WO 01/58891 PCT/ US01/ 04210 -38 Exanple 10
NN O1-((S)-I1-Benzyl -piper -2-yl)-1-[4-(1, 1- di phenyl -
met hyl ) - pi perazi n-1-yl ] - met haope (Conpound 20). 5 Conpound 20 was prepared
simlarly to Conpound 21, above, in Exanple 9. "H NMR (CDCl13, 500 MHz) d
7.35-7.05 (15 H, , s, PH2CH), 3.8 (1 H d, m ArCH2),
3.5 (3 H br s) ’4\ (L H br s), 222 ( 4H br s), 1.5 (4
H, 10 br s), N[ S), H br s) ppm Ms:  454.47 (M+H)

found. Exanple 11 nblfnat ori al Sy hesi s of Conpounds Via Schene 3 To
ini io (0.157 g, 1.0 nmol)

1-((8)-1-Benzyl-piperidin-2-yl)-1-[4-(1,1l-diphenyl-
methyl) -piperazin-1-yl] -methanone (Compound 20).
5 Compound 20 was prepared similarly to Compound
21, above, in Example 9.
'H NMR (CDC1l,, 500 MHz) d 7.35-7.05 (15 H, m, Ar), 4.10 (1
H, s, PH;CH), 3.8 (1 H, d, m, ArCH,), 3.5 (3 H, br s), 3.1
(LH, m), 2.85 (1 H, br s), 2.2 ( 4 H, br s), 1.5 (4 H,
10 br s), 1.35 (3 H, br s), 1.1 (2 H, br s) ppm. MS:
454.47 (M+H) found.

Example 11

Combinatorial Synthesis of Compounds Via Scheme 3

To N-ethylpipecolinic acid (0.157 g , 1.0 mmol)
15 in 14 mL of dry CH;Cl, was added pivaloyl chloride (0.121
g, 1.01 mmol) neat. After 1 hr, 1 mL of the resulting
reaction solution was added to 14 wells of a reaction
block containing morpholinomethyl polystyrene HL resin
(100 mg, 0.4 mmol) and the appropriate amine derivative
20 (0.2 mmol) in 2 mL of dry CH,Cl,. After shaking for 12
hrs, polystyrene methyl isocyanate (80 mg, 0.1 mmol) was
added and the reaction solution was shaken an additional
12 hré. Filtration and evaporation afforded the crude
amide derivatives. Purification was accomplished with

25 solid phase extraction (SPE-C) with methanol and



15 in 14 nL of dry CH2Cl12 was added pival oyl chloride (0.121 g, 1.01 mol)
neat. After 1 hr, 1 nL of the resulting reaction solution was added to 14
wel | s of wa oesagtii on bl ock cont ai ni ng nor phol i nonet hyl patgEusmesaoHL resin
(100 ng, 0.4 mol ) and the appropriate am ne derivative 20 (0.2 nmmol) in 2
mL of dry CH2Cl2. After shaking for 12 hrs, polystyrene nethyl isocyanate
(80 ng, 0.1 nmml) was added and the red®-ion solution was shaken an
additional 12 hrs. Filtration and evaporation afforded the crude am de
derivatives. Purification was acconplished with 25 solid phase extraction
(SPE-C) wi t RSF&aRaHd| 2R R0 teL /580 T hecPassord aasucs9 net hanol / ammoni a
to give the desired pkgﬁgﬁ%x - t-hesi inthis
manner. Exanple 12 5 Co iné%%f?gﬁﬁggﬁfﬁ%?%gqaﬁn%gﬁigﬁﬁg§B€ﬁgﬁ%ghene 4 To
N- cycl ohexamegaehodi i m de- N - propyl oxynet hyl  pol ystyrene resin (150 ng,
0.15 mml) in the wells of a reaction block was added the appropriate
carboxylic acid derivative (0.075 mol) _neat. To each well was added 3 10
m of 1-benzhydryl pi perazine (0.05 #¥8MRlenldry CH2C12. After shaking for

12 hrs, pol ystyr&sgo il dytidBOSHANA Lic (8P EBnpludddTHid ¥egemddgd and the
reaction solution was shaken an addi Ui 17 . Fittratron and
evapor ati on af f or ded Tich@ -gvisdehgriade cdarkioghtinigls - NPuh famsalidaymetdsy 115
acconpl i she i r a PLC Wit H20/.acetoni.trile (0.1 % TFA) to
gi ve the degpﬁg%Qg%%%%%ﬁ%sgg Zﬁéﬁi%&%056255€3F3355f¥2: &6§dﬁh§%ifi7, 8 and
11 were syntbkesitiets block was added the appropriate carboxylic acid

derivative (0.075 mmol) neat. To each well was added 3
10 ml of 1l-benzhydrylpiperazine (0.05 mmol) in dry CH,Cl,.
After shaking for 12 hrs, polystyrene methyl isocyanate
(80 mg, 0.1 mmol) was added and the reaction solution was
shaken an additional 12 hrs. Filtration and evaporation
afforded the crude amide derivatives. Purification was
15 accomplished with reverse phase HPLC with
H20/acetonitrile (0.1 % TFA) to give the desired product
as a trifluoroacetate salt.
Compounds 4, 7, 8 and 11 were synthesized in

this manner.

20 Example 13

Synthesis of ((2S,4R)-1-Benzyl-4-hydroxypyrrolidin-2-yl) -
(4-benzylpiperidin-1-yl) -methanone (Compound 30)
Step A.

RS ORY

25 (25,4R) -2- (4-Benzylpiperidine-1l-carbonyl) -4-
hydroxypyrrolidine-1l-carboxylic acid benzyl ester
(Compound 32).



this manner. 20 Exanple 13 Synthesis of

((2S,4R) - 1- Benzyl - 4- hydr oxypyrrolidin-2-yl)-

(4- benzyive @essadi n- 1- yl ) - net hanone (Conpound 30) Step APHRISO1/002185

(2S, 4R) - 2- (4- Benzyl pi peri di ne-1| - car bonyl ) - 4-

hydr oxypyrrol i di ne-1-carboxylic acid benzyl ester (Conmpound 32). WO

01/ 58891 PCT/ US01/ 04210 -40 (2S, 4R)-4-Wpdr oxy-pyrrolidine-1,2-dicarboxylic
acid 1-benzyl ester (5.00g, 19 mmol) was dissolved in 50 nlL anhydrous

di chl oronet hane and 11 nL (63 mMmol) of N, N- diisopropylethyl am ne. Pival oyl
chloride (2.32 nL, 5 1GfAR) Hadiv: PR S R e Starb oy W

stirred forkhquk, t,ed | Rjperigi (2. . Al S
added, and taﬁe sol utei o) vvaesséltse'?“?p(fée/'ﬂggr . 6 oulr)s.J%erElsréel%ctl onQIQ'/vaés,@di | ut ed
wi t h di chl omdnetrhgweousnd itdidio nesstdhneniarid slat wlat 658 sooh UM dofi adrNponat e,

wat er, and hr.i.ne. The .10.or.gani c | ayer s dri.ed over sodiumsulfate,
filtered, a ls@\?zfﬁé)r}/&te&&lxl%%p #&V@%]a %fgﬂ’ow?eoi 2“ﬁ‘?{;{tme‘/\fas purified
by flashs cohummonhr et euERNY Pk de aldd idHe Wdi@io0ral et fraun et hyl
acetate to dichloronethane to 2. 0% nethanol in dichloronethane. 1H NVR

(CDC13, 500/1%) 1 o1 .0. Qlekt3( h-bEmzy lpiperigling @H)76 M- 2L 615m9R) 2H) ;
S 2 gl e M RuSny D Aed a0
5.0-5.3 (m r2Hctibtn0wAsd dimutEiHwipgpmdichloromethane, and then washed
with saturated sodium bicarbonate, water, and brine. The
10 organic layer was dried over sodium sulfate, filtered, and
evaporated in vacuo to give a yellow oil that was purified
by flash column chromatography (Si0,;) eluting with a
gradient from ethyl acetate to dichloromethane to 2.0%
methanol in dichloromethane. 'H NMR (CDCl;, 500MHz): &
15 0.8-1.3(m, 2H); 1.3-1.9 (m, 4H); 2.0-2.15 (m, 2H); 2.2 (m,
1H); 2.3-2.5 (m, 1H); 2.6 (m, 2H); 2.7-3.1 (4t, 1H); 3.6
(d, 0.5H); 3.7 (m, 0.5H); 3.8 (m, 1.5H); 4.0 (t, 0.5H);
4.4-4.7 (m, 2H); 5.0-5.3 (m, 2H); 7.0-7.4 (m, 10H) ppm.
MS: m/z 423 (M+1).
20 Step B.

' O/\@

o

(4-Benzylpiperidin-1-yl) - ((2S,4R) -4-hydroxypyrrolidin-2-
y1l) -methanone (Compound 33).

25 We dissolved (2S,4R)-2-(4-Benzyl-piperidine-1-
carbonyl) -4-hydroxy-pyrrolidine-1l-carboxylic acid benzyl
ester (2.77g, 6.5 mmol) in 50 mL anhydrous EtOH, and
degassed with N,. Add P4(OH); (1.7 g, cat.) and stir
under H; (latm.). The reaction was filtered through

30 Celite and evaporated to afford an orange foam (1.96g,



MS: mz 42

(4-Benzyl pi peridin-1-yl)-((2S, 4R) - 4- hydr oxypyrrolidin-2- yl)-nethanone

3 (Mt1). 20 Step B. HO

( Conpoun?BB)38845 We di ssol ved (2S, 4R) - 2- (4- Benzyl - pi per irtimesoli /04210

car bonyl ) - 4- hydr oxy- pyrrolidi ne-|-carboxylic acid benzyl

ester (2.77g,

mml) in 50 nL anhydrous EtOH, and degassed with N2. Add Pd(CH)2 (1.7 g,

cat.) and
Celite and

stir wunder H2 (latm). The redction was filtered through 30

evaporated to afford an orange foam (1.96g, WO 01/58891

6.5

PCT/ USO1/ 04210 -41 100 0 ) . 1H NWR (CDC13, 500MHz) : 8 0. 9-1 .2 (m 2H
1H)

W 5505 L hmiiie T we T8 (k) Sreptef 2190l M

;1. 5-1 .
;3.1 (dd
7.1 (t,
((2s, 4m-l
benzyl pi pe
(4- Benzyl pi
(1.749, 6.
(3.34g, 24
benzyl bro
filtered,

10

15

20

25

8003 - 4H) NMR2 (2DChy, 1$-90M122)4 (®r0 . 3H)L - 2. §m(, q2HL H) 13561(c$d

-Ber)zylaréi-fxwowyrmla diar- 213')') A % (t, 3H); 4.4 (4, 2H);

ridin-1- fg}vnethanone ( Conpound 30).
i ﬁerq dich- BH)17) 728 SRLHE- hykhoxie. p%}rhdmrm n-MSy| ) -MAE ha®dne
Orplyy was di ssolved in 100nl acetonitrile. Potassium carbonate

nnD ) was added to the solution followed by the addition 15 of
mde (0.450 m, 6.0 mmol). The m xture was stirred for 1 hour,

arstegvaporated in vacuo to

" g\@

o

((25,4R) -1-Benzyl-4-hydroxypyrrolidin-2-yl) - (4-
benzylpiperidin-1-yl) -methanone (Compound 30).

(4-Benzylpiperidin-1-yl)-((2S,4R) -4-hydroxy-
pyrrolidin-2-yl) -methanone (1.74g, 6.0mmol) was dissolved
in 100mL acetonitrile. Potassium carbonate (3.34g, 24
mmol) was added to the solution followed by the addition
of benzyl bromide (0.450 ml, 6.0 mmol). The mixture was
stirred for 1 hour, filtered, and evaporated in vacuo to
afford a viscous o0il. The crude product was purified by
flash chromatography (Si0O;) eluting with a gradient of
EtOAc to 9:1 EtOAc/Methanol to give 1.13 g (50%) of the
desired product. 'H NMR (CDCls;, 500 MHz): 81.0 (m, 2H);
1.45 (d, 0.5 H); 1.5-1.7 (broad 4, 2.5 H); 1.7-2.0 (m,
2H); 2.0-2.1 (m, 0.5H); 2.1-2.2 (m, 0.5H); 2.3;2.6 (m,
4H); 2.6-2.8 (m, 1H); 3.4 (broad s, 1H); 3.5-3.7 (m, 1H);
3.8 (broad g, 2H); 3.9 (4, 1H); 4.4 (broad s, 1H); 4.5
(broad t, 1H); 7.0 (d, 2H); 7.1-7.3 {(m, 8H) ppm. MS:

m/z 379 (M+1).



afford a viscous oil. The crude product was purified by flash

chromat ography (Si02) eluting wwth a gradient of EtOAc to 9:1

Et OAc/ Mewaamenissdio give 1.13 g (50% of the 20 desired praauewso1/aiNVR
(CDC13, 500 MHz) : 81.0 (m 2H) 1.45 (d, 0.5 H); 1.5-1.7 (broad d, 2.5 H);
1.7-2.0 (m 2H); 2.0-2.1 (m 0.5H); 2.1-2.2 (m 0.5H); 2.3-2.6 (m 4H);
2.6-2.8 (m 1H); 3.4 (broad s, 1H); 3.547 (m 1H); 3.8 (broad s, 2H);
3.9 (d, 1H); 4.4 (broad s, 1H); 4.5 25 (broad t, 1H); 7.0 (d, 2H); 7.1-7.3
(m 8H) ppm Ms: mnmlz 379 (M+l). WO 01/58891 PCT/US01/04210 -42 Exanple 14
0 (2S)-1-Benzyl -5-(4- benzylplperldldﬁgijﬁbibhhyl)- pyrrolidin-3-one
(Compound 29). 5 Oxalyl chlor de (0.065 m, 0.72 nmol) was added ' dropw se
to a cooled (-78 / @\ 50 (0. 10rr1 1.37 nmmol ) in 10 nmL of

le/mi xture was stirred at -65C for 2 hours.

Nz ARydr oxy-pyrrolidin-2-yl)-(4-benzyl-piperidin-I-
yl)- rret hanone (14 0.37 mmol ) in 5nL anhydrous dichl oronet hane was

gt i o dropwi se. After stirring for 2.5 hours at -45C, N, N
di i sopropyl amine (0.35 m, 2 mml) was added 15 dropwi se. The reaction
was war med t C and diluted with dichl oromet hane. The reaction was washed

dried over < %‘*Sl"s Pt bty Wkt e Lt e 0T D 1 st due vas
puri fi ed_ by H “nd ' (donpotind
Oxalyl chloride (0.065 ml, 0.72 mmol) was added
dropwise to a cooled (-78°C) solution of DMSO (0.10 ml,
1.37 mmol) in 10 mL of anhydrous dichloromethane. The
mixture was stirred at -65°C for 2 hours. ((2S,4R)-

10 Benzyl-4-hydroxy-pyrrolidin-2-yl)-(4-benzyl-piperidin-1-
yl) -methanone (140 mg, 0.37 mmol) in 5mL anhydrous
dichloromethane was added to the solution dropwise.
After stirring for 2.5 hours at -45°C, N,N-
diisopropylethylamine (0.35 ml, 2 mmol) was added

15 dropwise. The reaction was warmed to 0°C and diluted
with dichloromethane. The reaction was washed with
saturated sodium bicarbonate, water and brine. The
organic layer was dried over sodium sulfate, filtered,
and evaporated. The crude residue was purified by flash

20 chromatography (8i0O,) using a gradient from
dichloromethane to 2%MeOH in dichloromethane, yielding
101 mg (79%) of the desired product. 'H NMR (CDCl,,
500MHz): 6 1.0 (m, 2H); 1.5-1.6 (m, 1H); 1.6-1.7 (m, 2H);
2.3-2.5 (m, 4H); 2.6 (d, 1H); 2.7-2.8 (m, 1H); 3.0 (d,

25 1H); 3.5 (t, 1H); 3.6-3.8 (m, 2H); 3.9 (br. s, 1H); 4.1
(br. s, 1H); 4.5 (br. s, 1H); 7.05 (t, 2H); 7.15 (m, 1H);
7.25 (m, 7 H) ppm. MS: m/z 377 (M+1).



20 chromat ography (Si 02) using a gradient from dichloronethane to 2%veCH
i n dichloronethane, yielding 101 ng (79% of the desired product. 1H NWR
(CDC13, weoOmse S 1.0 (m 2H) ; 1.5-1.6 (m 1H) 1.6-1.7 RAyUSdiHp4212. 3-2. 5
(m 4H); 2.6 (d, 1H); 2.7-2.8 (m 1H); 3.0 (d, 25 1H); 3.5 (t, 1H); 3.6-3.8
(m 2H); 3.9 (br. s, 1H,; 4.1 (br. s, 1H) ; 4.5 (br. s, 1H) ; 7.05 (t, 2H)
; 7.15 (m 1H) ; 7.25 (m 7 H) ppm M43z 377 (M+1l). WD 01/58891
PCT/ USO1/ 04210 -43 Exanple 15 pCH3 O
(2S) - 1- Benzyl - 5- (4- benzyl pi peri di ne-1-carbonyl)- pyrrolidin-3-one
O net hyl - oxi me (Conpound 31). 5 (S)-EX3mHA/115- (4-benzyl - pi peri di ne-1 -
car bonyl ) - pyrrolgcdj n- 3-one ( Cagpound 29) (70 ng, 0.19 mol) and

. de ng, 0.25 nmmol) were taken into 5nL
anhydr ous net hane 40C 10 for 2 hours. The reaction was

Y0 orga%i c extracts were washed with brine, dried over
filtered, 15 and evaporated. The crude residue was purified
by flash chreffat ography (Si 02) using a gradient from 0% 2% net hanol in

di chl oronet h 0 iechjL-%;S- | 3320@10ifptrh.e .des_iré_ed Prodpct . 1H NMR _
( CDC13, 500@? L-hpneyl (@ lping ’1‘”?“ AR 2. 5 (m 3H);
2.5-2.7F§mP}"-”;°lz‘ﬁ Ty 35 ORF (Qrmeryl-pxime 3(Goppaynd Xlhs (¢ 0.5H); 3.6
(d, 0.5Hy;
(8) -1-Benzyl-5-(4-benzyl-piperidine-1-

carbonyl) -pyrrolidin-3-one (Compound 29) (70 mg, 0.19

mmol) and methoxylamine hydrochloride (20 mg, 0.25 mmol)

were taken into 5mL anhydrous methanol and heated to 40°C

10 for 2 hours. The reaction was evaporated and then
partitioned between dichloromethane and saturated sodium
bicarbonate. The agueous layer was extracted with
dichloromethane and the combined organic extracts were
washed with brine, dried over sodium sulfate, filtered,

15 and evaporated. The crude residue was purified by flash
chromatography (Si0O;) using a gradient from 0%-2% methanol
in dichloromethane to yield 25 mg (33%) of the desired
product . 'H NMR (CDCl;, 500MHz): 80.8-1.2 (m, 3H); 1.4-
1.8 (m, 3H); 2.3-2.5 (m, 3H); 2.5-2.7 (m, 1H); 2.7-2.9

20 (m, 2H); 3.1-3.3 (m, 1H); 3.45 (t, 0.5H); 3.6 (d, 0.5H);
3.6-3.8(m, 4H); 3.8-4.0 (m, 2H); 4.5 (br. s, 1H); 7.0 (4,
2H); 7.15 (m, 1H); 7.2-7.4 (m, 7H) ppm. MS: m/z 406
(M+1) .

Example 16

25 . The compounds described in Examples 16-32 were
prepared by the procedure described in Example 1 (Scheme

2).



3.6-3.8(m 4H); 3.8-4.0 (m 2H); 4.5 (br. s, 1H); 7.0 (d, 2H); 7.15 (m
1H); 7.2-7.4 (m 7H ppm M. nfz 406 (M-1l). Exanple 16 25 The conpounds
descri bewa o1/588Enpl es 16-32 were prepared by the procedwca/ukesosiibed in
Example 1 (Scheme 2). WD 01/58891 PCT/US01/ 04210 -44- O

(3-Benzyl pyrrolidin-1-yl)-((2S)-1-ethyl pi peridin-2-yl)- nethanone (Conpound
35). 5 Conpound 35 was prepared from (2%94%-1- et hyl pi peridin-2-yl carboxylic
acid and 3- benzylpyrrolidine as described in Exanple 1 to yield 62 ngy
(1799 . 1H NMR (CDC13, 500 Mdz) : 81.35 (m 3H) ; 1.4-1.7 (m 3H; 1.8 (m
2H); 2.0-2.2 (m 2H); (m 4H); 10 2.9-3.25 (m 4H); 3.25-3.7 (m
3H; 4.0 (bs, 1H); 4. m 1H); 7.1 (m 2H); 7.1-7.3 (m 3H) ppm
Exanpl e 17 t hyl pi peridin-2-yl)-(4-pyridin-3- 15

yl met hyl pi perazjn-1 - met hanone trihydrochloride (Conpound 36). Conpound
36 was prepar om{2S)-1- ethylpiperidin-2-yl carboxylic acid and 3-
pyri di nyl met hyl pi perazi ne as described in Exanple 1 to 20 afford 229 ng
(72% as the trihydrochloride salt. 1H NVR (CDC13, 500MHz) : S 1.0 (t, 3H)

, 1.2 1 idi - i 15 (b
19} 2.4 (Mediihard Rehpodtd 20 (bo 2 A T 20 8 (s,

5 Compound 35 was prepared from (2S)-1-
ethylpiperidin-2-yl carboxylic acid and 3-
benzylpyrrolidine as described in Example 1 to yield 62
mg (17%). ‘H NMR (CDCl,, 500 MHz): 81.35 (m, 3H); 1.4-1.7
(m, 3H); 1.8 (m, 2H); 2.0-2.2 (m, 2H); 2.3-2.7 (m, 4H);

10 2.9-3.25 (m, 4H); 3.25-3.7 (m, 3H); 4.0 (bs, 1H); 4.1-4.2
(m, 1H); 7.1 (m, 2H); 7.1-7.3 {(m, 3H) ppm.

SJYOOAQ

((28) -1-Ethylpiperidin-2-yl) - (4-pyridin-3-
15 ylmethylpiperazin-1l-yl)-methanone trlhydrochlorlde
‘ (Compound 36) .

Example 17

Compound 36 was prepared from (28)-1-
ethylpiperidin-2-yl carboxylic acid and 3-
pyridinylmethylpiperazine as described in Example 1 to

20 afford 229 mg (72%) as the trihydrochloride salt. 'H NMR
(CDC1l;, 500MHz): 81.0 (t, 3H); 1.2 (m, 1H); 1.4-1.8 (m,.
5H); 1.85 (bs, 1H); 2.15 (bs, 1H); 2.15 (bs, 1H); 2.4 (m,
4H); 2.6 (bs, 1H); 3.1 (bs, 2H); 3.4 (s, 2H); 3.5 (bs,
1H); 3.6 (s, 1H); 3.8 (bs, 1H); 4.0 (bs, 1H); 7.2 (4,

25 1H); 7.6 (d, 1H); 8.5 (m, 2H) ppm. MS: m/z 317 (M+1).



1H ; 3.6 (s, 1H ; 3.8 (bs, 1H) ; 4.0 (bs, 1H ; 7.2 (d, 25 1H); 7.6 (d,
1H; 85 (m 2H) ppm M nfz 317 (M+l). WO 01/58891 PCT/ US01/ 04210 -45
Exanpl e W® 0188891( 2S) - 1- Et hyl pi peri di n-2-yl) - (4-pyri di n- 4-PCT/US01/04210

yl met hyl pi perazi n-1-yl)-net hanone tri hydrochloride 5 (Conpound 37).
Compound 37 was prepared from (2S)-1- ethyl pi peridin-2-yl carboxylic acid
and 4- pyridinyl net hyl pi perazi ne as desd&3bed in Exanple 1 to 10 yield 236
ng (75% as the trihydrochloride salt. 1H NMR (CDCl13, 500MHz) : 61.0 (t,
3H ; 1.2 (m 1H ; 1.4-1.8 (m b5H); 1.85 (bs, 1H); 2.15 (bs, 1H); 2.15

(bs, 1H; 2.4 (m 4H); 2.6 (bs, 1HEXagpRlqpPS 2H); 3.4 (s, 2H); 3.5 (bs,
1H); 3.6 (s R AH; 4.0 (bs, 1H; 7.2 (d, 15 2H); 8.5 (d, 2H)
ppm Ms: nf DY afple 19 O

((2S)-1-Eth jA1- 2- 4- pyridi n- 2-

yl met hyl pi per azi ik 1-yl) - nmet hanone tri hydrochloride 20 (Conpound 38).

Conmpound 38 s prepared from (2S)-1- ethylpiperidin-2-y| carboxylic acid
and 2- ridi |\ et le 1 to 25 yield 42
ny (13@§yasq3%%)nq'%%%Btgﬁlorl 132IS%5 J%ﬂ 'r §90N@ﬁ% ; %1. 0 (t,
3H) ; 163 c"‘f\% 3) Eh AL 2.4 (m

4H) ; (bé (bs 2H) 3 6(s SHL 3.8(b& 1H); 4.0 (bs, 1H)

. 7.1 (t, 1H ; 7.3 (d, 1H ; 7.6 (t, 1H ; 8.5 (d, 1H

Compound 37 was prepared from (28)-1-
ethylpiperidin-2-yl carboxylic acid and 4-
pyridinylmethylpiperazine as described in Example 1 to

10 yield 236 mg (75%) as the trihydrochloride salt. 'H NMR
(CDCl;, 500MHz): 61.0 (t, 3H); 1.2 (m, 1H); 1.4-1.8 (m,
SH); 1.85 (bs, 1H); 2.15 (bs, 1H); 2.15 (bs, 1H); 2.4 (m,
4H); 2.6 (bs, 1H); 3.1 (bs, 2H); 3.4 (s, 2H); 3.5 (bs,
1H); 3.6 (s, 1H); 3.8 (bs, 1H); 4.0 (bs, 1H); 7.2 (d,

15 2H); 8.5 (d, 2H) ppm. MS: m/z 317 (M+1).

((28) -1-Ethylpiperidin-2-yl) - (4-pyridin-2-
ylmethylpiperazin-1-yl)-methanone trihydrochloride
20 (Compound 38).

Example 19

Compound 38 was prepared from (2S)-1-
ethylpiperidin-2-yl carboxylic acid and 2-
pyridinylmethylpiperazine as described in Example 1 to

25 yield 42 mg (13%) as the trihydrochloride salt. H NMR
(CDCls;, 500MHz): 81.0 (t, 3H); 1.2 (s, 3H); 1.4-1.8 (m,
2H); 1.85 (m, 1H); 2,1 (m, 1H); 2.4 (m, 4H); 2.6 (bs,
1H); 3.0 (bs, 2H); 3.6 (s, 5H); 3.8 (bs, 1H); 4.0 (bs,
1H); 7.1 (t, 1H); 7.3 (4, 1H); 7.6 (t, 1H); 8.5 (d, 1H)



WO 01/58891 PCT/ US01/04210 -46- ppm Ms: mz 317 (Mrl). Exanmple 20 O
((2S)-1-Ethyl pi peridin-2-yl)-(4-phenyl pi perazin-1-yl)- 5 methanone

di hydr ocwoorisdgs1( Conpound 39). Conpound 39 was prepared fROIMUSO2B)210 -

et hyl pi peridin-2-yl carboxylic acid and N- phenyl pi perazi ne as described in
Exanple 1 to yield 277 10 ng (74% as the di hydrochloride salt. 1H NWMR
(CDC13, 500 MHz) : $ 1.3 (t, 3H ; 1.646m 1H ; 1.7 (q, 2H ; 1.9 (m
2H); 2.1 (d, 1H); 3.0 (2H); 3.2 (m 1H); 3.5 (m 4H,; 3.7 (d, 1H ; 3.9
(m 44 ; 4.4 (m 1H) ; 7.3 (m 3H,; 7.5 (m 2H. M5 mz 406 (Ml) ppm
15 Exanpl e Ppm.9 W% (m/z [His- () uor ophenyl)methyl] -piperazin-1-yl}-
((2R) -1- ethylpiperidin-2-yl)-nmethanone (Conpound 40). 20 Conpound 40 was
prepared from (2R)-1- ethyl pi peridin-2-yl. carboxylic acid and N Bi s-(4-
quorophenyI)nethyIpiperazine as deg%¥$ﬁ§§$;2£-Exanple 1 to yield 590 ny
(46% yield) after chromgigsgraphy. 1H NVMR (500 MHz, CDC13), 8 7.40-7.35 (m
4H), 7.05-6.95 (m 4H) 01/58891 PCT/ USO1/ 04210 -47 4.20 (s, 1H)
405350( 00 (m 2H), 2.40- 2.25 (m 4H), 1.85-1.40 (m
8H), 1.35-1.Q0 m ppm MS: niz 428.5 (M+l). Exanple 22

o

((28) -1-Ethylpiperidin-2-yl) - (4-phenylpiperazin-1-yl) -
5 methanone dihydrochloride (Compound 39).

Compound 39 was prepared from (28)-1-
ethylpiperidin-2-yl carboxylic acid and N-
phenylpiperazine as described in Example 1 to yield 277

10 mg (74%) as the dihydrochloride salt. 'H NMR (CDCl,;, 500
MHz): 61.3 (t, 3H); 1.6 (m, 1H); 1.7 (g, 2H); 1.9 (m,
2H); 2.1 (4, 1H); 3.0 (2H); 3.2 (m, 1H); 3.5 (m, 4H); 3.7
(d, 1H); 3.9 (m, 4H); 4.4 (m, 1H); 7.3 {(m, 3H); 7.5 (m,
2H); MS: m/z 406 (M+1l) ppm.

15 Example 21

C
¢

o

{4- [Bis- (4-fluorophenyl)methyl] -piperazin-1-yl}- ((2R)-1-
ethylpiperidin-2-yl) -methanone (Compound 40).

20 Compound 40 was prepared from (2R)-1-
ethylpiperidin-2-yl carboxylic acid and N-Bis- (4-
fluorophenyl)methylpiperazine as described in Example 1

to yield 590 mg (46% yield) after chromatography. 'H NMR

(500 MHz, CDCl;), & 7.40-7.35 (m, 4H), 7.05-6.95 (m, 4H),



| 0O 5 {4-[(4-Chlorophenyl)phenyl nethyl]-piperazin-1-yl}-((2S)-

1- et hyl pi peri di n-2-yl)-nmet hanone di hydrochl oride (Conpound 41). 10
Conmpoundwélosasoipr epared from (2S)-1- et hyl pi peri di n- 2- ylpcaardoorydio c aci d
and N-(4- chl orophenyl) phenyl net hyl pi perazi ne as described in Exanple 1
to yield 170 ng (67% as the di hydrochloride salt. 1H NVR (CDCl3, 500 MHz)
8 7.30 (m 4H), 7.18 (m 15 4H), 7.12 (M71H), 4.14 (s, 1H), 3.98 (m 1H),
3.76 (m 1H), 3.58 (m 1FD 3.52 (m 1FD 3.0 (m 2H), 2.55 (m 1H), 2.26
(m 3H), 2.14 (m 1H), 7 2 1.52 (m 3H), 1.14 (m
2H), 0.95 (- 25‘44) Spm H>|v54 91'512345;%3 g wﬁ 23)337;&113% 9"3 @Hm%)l%%ssgl
PCT/ US01/ 042 (RS) -11- | p 1= { 4
quorophenyI?)l%enAfm(;lt Y] lplsgéepgzllmn qﬁ dﬁ}ﬂ a:)nong 8¢, T/’dr%%%l%?lde
(Conpound 42)s: 5Sn/CorfEdurkd @2 Was prepared fronl(ZS) 1 ethylplperidin-z-yl
carboxylic acid and N-(4- fluorophenyl) phenyl nmet hyl pi perazi ne as descri bed
in .Exanple 1 to yield 282 ng (60%_as the di hydrochloride salt. 1H NWR
(DVBO-d6, 500MHz) S 7.98 (m 4H), 7E@YRRe 2% 2H), 7.41 (m 1H), 7.33 (m
2H), 5.75 (m 1H), 4.52-3388 (m 5H), 3.55 (m 2H), 3.3-2.8 (m 6H), 2.05
(m 1H, 1.85 (m 3H), 1,56 (m 2H), 1.22 (t, 3H ppm M mz

o}
5 :
{4-[(4-Chlorophenyl)phenylmethyl] -piperazin-1-y1}- ((28) -
l-ethylpiperidin-2-yl) -methanone dihydrochloride
(Compound 41).

10 Compound 41 was prepared from (2S)-1-
ethylpiperidin-2-yl carboxylic acid and N- (4-
chlorophenyl) phenylmethylpiperazine as described in
Example 1 to yield 170 mg (67%) as the dihydrochloride
salt. 'H NMR (CDCl;, 500 MHz) & 7.30 (m, 4H), 7.18 (m,

15 4H), 7.12 (m, 1H), 4.14 (s, 1H), 3.98 (m, 1H), 3.76 (m,
1H), 3.58 (m, 1H), 3.52 (m, 1H), 3.0 (m, 2H), 2.55 (m,
1H), 2.26 (m, 3H), 2.14 (m, 1H), 1.85 (m, 1H), 1.7 (m,
2H), 1.52 (m, 3H), 1.14 (m, 2H), 0.95 (m, 3H) ppm. MS:
m/z 426.5 (M+1)

20 Example 23

(.
@



410.5 (Mtl). Exanple 24 n\ Y 0 15
{4-14, 6-D nmet hoxypyri m di n-2-yl)-phenyl net hyl ] - pi per azi n-

1-yl}- ((®®0ksgtihyl - pi peridin-2-yl)-met hanone (Conpound PEIYUSI2042Tonpound

43 was prepared from (2S)-1- ethyl piperidin-2-yl carboxyli
N- (4, 6- di met hoxypyrim din-2-yl) phenyl net hyl pi perazi ne as

c acid and
descri bed i

Exanple 1 to yield 184 ng (40%. 1H NVR4§CDC13, 500MHz) 8 7.6 (m 2H),
3.94 (s, 6H),

7.28 (m 3H), 5.88 (s, 1H), 25 4.48 (m 1H), 4.04 (m 1H),
3.85 (m 1H), 3.65 (

3. 09 3H), 2.4 2
(m 1H), 1.9 (m 1H)), nzl(%sw'%’%t‘rhﬂsrmperll%ﬁﬁy{zw{wﬁ {47 (m(mSH)H%)pm VS

mz 454, 4 (MiBCropheny a0 1/muzer zinel srhhpretpanone

(4- Benzhydrﬁﬁ&ﬂQHQthPIIQA)(QQMEguﬂdeﬁ3N4p|perldln 2- yl)-
hydr ochl ori de (Conpound 44). 5 Conpound 44 was prepared fr

et hyl pi p&ri di n- 2- yI ca(rdmmqurii 4 i veh sa Nk efp a s ziEwadn y [ 06 pet

met hanone
om (2S)-1-
+di ne as

descri bed i ld 1 57 h hlorid It.
VR (CDCL3, 6 B00E S T ROy 7 AT 999, NACED (1), 4. 38

(s, 1H, 3. %ﬁdﬂﬂoﬁH@¥¥ (ﬁﬁ%ﬁymméHﬂy%?iﬁg%ééhnéjﬁs FeLlrikda S, 3.00 (m

1H), 2.53 (m 2H)

Example 1 to yleld 282 mg (60%) as the dihydrochloride

salt. 'H NMR (DMSO-d6, 500MHz) & 7.98 (m, 4H),
10 2H), 7.41 (m, 1H), 7.33 (m, 2H), 5.75 (m, 1H),

7.46 (m,
4.52-3.88

(m, 5H), 3.55 (m, 2H), 3.3-2.8 (m, 6H), 2.05 (m, 1H),

1.85 (m, 3H), 1.56 (m, 2H), 1.22 (t, 3H) ppm.
410.5 (M+1).

Example 24

- NN

MS m/z

~-piperazin-

(Compound

0]
15
{4-[4,6-Dimethoxypyrimidin-2-yl) -phenylmethyl]
1-yl}-((28)-1l-ethyl-piperidin-2-yl) -methanone
43) .
20 Compound 43 was prepared from (2S)-1-

ethylpiperidin-2-yl carboxylic acid and N- (4, 6-

dimethoxypyrimidin-2-yl)phenylmethylpiperazine
described in Example 1 to yield 184 mg (40%).

(CDCl;, 500MHz) & 7.6 (m, 2H), 7.28 (m, 3H), 5.

25 4.48 (m, 1H), 4.04 (m, 1H), 3.94 (s, 6H), 3.85
.65 (m, 2H), 3.09 (m, 2H), 2.55 (m, 3H), 2.4

as

H NMR

88 (s, 1H),
(m, 1H),

(m, 2H),

3
2.2 (m, 1H), 1.9 (m, 1H), 1.8-1.5 (m, 4H), 1.26 (m, 2H),
1

.04 (m, 3H) ppm. MS m/z 454.4 (M+1).

n

2.2

1H



(m 1H), 1.82-1.60 (m 5H), 1.50 (m 1H), 1.35 (m 3H), 1.03 (m 2H) ppm
Ms: mz 391.5 (M+l). 15 Exanple 26 -C), O

((2S) - 1-woprpsqeri di n-2-yl ) -[4-(4-fl uorobenzoyl) - PCT/US01/04210

pi peridin-1-yl]-nmethanone (Conpound 45). 20 Conmpound 45 was prepared from
(2S)-1- ethyl piperidin-2-yl carboxylic acid and 4-(4-

fl uor obenzoyl ) pi peridine as described i#%xanple 1 to yield 830 ng (80%.
1H NV\R (CDC13, 500 MHz) $ 7.88 (m 2H) , 7.06 (m 2H) , 4.55 (m 1H ,
3.37 (m 1H) , 3.08 (m 25 3H), 2.72 (m 1FD 2. 54 (n1 1H, 2.1 (m 1H),
1.88-1.4 WD 01/58891 PCT/USOl/O4210§E§Hmﬂ£hLEHOFD .16 (m 2H), 0.94 (m
3H ppm Ms mz 347.3 (M

((2S)-1- Et hyl pi peri din-2
quorophenyI)hydroxynEt
(

. Exanple 27 H5
-(4-[ (4
plperldln 1-yl }-met hanone (Conpound 46).

benzoyl) - pi peridi apone (Cbnpound 45) (157ng) 10 was dissol ved
in5m of [Ji on was added 50ng of 10% pal | adi um on
carbon and t : ed with hydrogen (1 atm). After stirring
overnight, thg regction was filtered through Celite and the reaction
evaporated i p/vacuo. The reaction was 15 purified by flash chromatography
(Si02) eluting with 95:5 dichloronmethane/ nmethanol to afford 95 ng of
conpound 46.(4-Benzhydrylpiperidin-1-yl)-((2S)-1-ethylpiperidin-2-
yl) -methanone hydrochloride (Compound 44).
5

Compound 44 was prepared from (2S)-1-
ethylpiperidin-2-yl carboxylic acid and 4-
benzhydrylpiperidine as described in Example 1 to yield
174mg (57%) as the hydrochloride salt. 'H NMR (CDC1s,

10 S00MHz) & 7.24 (m, 8H), 7.12 (m, 2H), 4.28 (m, 1H), 4.38
(s, 1H), 3.99 (m, 1H), 3.63 (m, 1H), 3.42 (4, 1H), 3.20
(m, 3H), 3.00 (m, 1H), 2.53 (m, 2H), 2.32 {(m, 1H), 2.15
(m, 1H), 1.82-1.60 (m, 5H), 1.50 (m, 1H), 1.35 (m, 3H),
1.03 (m, 2H) ppm.  MS: m/z 391.5 (M+1).

15 Example 26

o

((28)—1-Ethylpiperidin—2-y1)-[4—(4-fluorobenzoy1)—
piperidin-1-yl] -methanone (Compound 45).

20 Compound 45 was prepared from (2S)-1-
ethylpiperidin-2-yl carboxylic acid and 4-(4-
fluorobenzoyl)piperidine as described in Example 1 to
yield 830 mg (80%). 'H NMR (CDCl;, 500 MHz) & 7.88 (m,
2H), 7.06 (m, 2H), 4.55 (m, 1H), 3.37 (m, 1H), 3.08 (m,

25 3H), 2.72 {(m, 1H), 2.54 (m, 1H), 2.1 (m, 1H), 1.88-1.4



1H NWMR (DVBO-d6, 500 MHz) 8 7.2 (m 2H), 7.03 (m 2H), 5.2 (br s, 1H),
4.43 (m 1H), 4.17 (m 2H), 3.78 (m 1H), 3.37 (m 1H), 3.81 (m 4H), 2.42
(m 1H) ,wh@sksd (m 20 6H), 1.42 (m 2H), 1.06-0.92 (mp@EHSoppMm10NS ni z
349.3 (Mtl). Exanple 28 (fly O

((2S)-1-Ethyl pi peridin-2-yl)-[4-(4-fluorobenzyl)- 25

pi peridi n-1-yl ] -nmet hanone hydrochl ori deYConpound 47). WO 01/58891

PCT/ US01/ 04210 -51 Conpound 47 was prepared from (2S)-1-

ethylplperldln 2- I carboxylic acid and 4-(4- quorobenzyI)plperldlne as
described i o 1416 (eld)379hP4 6y HD o HCL Nalw/z ' HB AR
(CDC13, 500<§4;{|—iz)86.93(m 2H), 6.8 (m 2H), 4.6 (m 1H), 4.48 (m 2H),
2.98 (m 2H) 72 (m 1H), 2.5 (m 1H), 2.32 (m 3H, 2.03 (m 1H), 1.75
(m 1H, 1.55 (m 8H, 1.12 (m 1H), 0.95 (m 4H ppm M mz 333.4 (Mtl).
Exanple 29 1 0 10 ((2S)-1-Benzyl pyxaaigl@d 2-yl ) - [ 4- (4-f1 uor ophenoxy) -

pi peridin-1-yl]-nethanone h drochl ori de (Conpound 48). Conpound 48 was
prepared from (25)-1 benz yrrolidin-2-yl carboxylic acid and 4-(4 15

f I uor ophenox ' xggribed in Exanple 1 to yield 516ng (65% as
t he hydrochl|ori ‘ (CDC13, 500 MHz) S 7.36 (m 5H), 6.98 (m

5 ((28)-1-Ethylpiperidin-2-yl)-{4-1[(4-
fluorophenyl) hydroxymethyl] -piperidin-1-yl}-methanone
(Compound 46) .
(28) -1-Ethyl-piperidin-2-yl)-[4-(4-fluoro-

benzoyl) -piperidin-1-yl] -methanone (Compound 45) (157mg)

10 was dissolved in 5 ml of ethanol. To the solution was
added 50mg of 10% palladium on carbon and the flask was
charged with hydrogen (1 atm.). After stirring
overnight, the reaction was filtered through Celite and
the reaction evaporated in vacuo. The reaction was

15 purified by flash chromatography (Si0O,;) eluting with 95:5
dichloromethane/ methanol to afford 95 mg of compound 46.
'H NMR (DMSO-d6, 500 MHz) & 7.2 (m, 2H), 7.03 (m, 2H), 5.2
(br s, 1H), 4.43 (m, 1H), 4.17 (m, 2H), 3.78 (m, 1H),
3.37 (m, 1H), 3.81] (m, 4H), 2.42 {(m, 1H), 1.8-1.5 (m,

20 6H), 1.42 (m, 2H), 1.06-0.92 (m, 5H) ppm. MS m/z 349.3
(M+1) .

Example 28
F;}:l\!/

((28) -1-Ethylpiperidin-2-yl)-[4- (4-£fluorobenzyl) -
25 piperidin-1-yl]-methanone hydrochloride (Compound 47).




2H), 4.4 (m 1H), 3.98 (m 1H), 3.80 (m 2H), 3.52 (m 4H), 3.10 (m 1H),
2.32 (m 1H), 2.15 (m 1H, 1.84 (m 20 4H), 1.75 (m 3H) ppm M. niz
383.5 (MWD o188 1/ 58891 PCT/ US01/ 04210 -52 Exanple 30 IPCI1/@01/04210
((2S)-1-Benzyl pyrrolidin-2-yl)-[4-(4-fluorobenzyl)-

pi peridin-1-yl]-nmethanone hydrochl oride (Conpound 49). 5 Conpound 49 was
prepared from (2S)-1- benzyl pyrrolidi n-23 carboxylic acid and 4-(4-

fl uorobenzyl ) pi peridine as described in Exanple 1 to yield 674ng (81% as
t he hydrochloride salt. 1H NVR (CDC13, 500 Miz) 8 7, 83 (m 1H), 7.71 (m
1H), 7.42 (m 10 3H), CPPPYS 447|—|)W5‘S4£5‘89B(é?ﬁe@ roy &Ym= 0.5H), 4.28 (m
0.5H), 3.87- _ 5 2.70 (m 0.5H),
2.58-2.17 (m% l@f%?l m?? ,(ngr.%dgyh%%? ?Q ‘wérﬁ 1.03 (m 2H)
ppm M. nl i%]rc&oer(zle))pilc&rﬁ)@’rm as?]desilcxzﬂ,}be[ﬂm E{xbcrﬁplmrbp&mnyl ) met hyl ]

pi perazin-1 -yl th i.di n-2-yl);- met hanone,_di hydr ochl ori de
( Conpound Q’é)e}léio 3%?%?{90 #CY go%ﬁa%gﬁre‘%ﬁ%tromlﬁzwlﬁqcrml“ 560
et hyl pyrg ol g n- 3- ¢l gar RoxykiC @cigd @nd JBi g
PCT/ US01/ 0421 -53 Iuor op%enyl)rret h)?‘rpl%ker azi ne as gescrl ecjB in ‘Exanpl e 1
o yield 1. 28] ,(52%8 am,t I21)di l2y.dr2ocid orime, salg . (dHINMMVR 2.32 (m,

3H), 2.03 (m, 1H), 1.75 (m, 1H), 1.55 (m, 8H), 1.12 (m,

1H), 0.95 (m, 4H) ppm. MS m/z 333.4 (M+1).

Example 29

O

10
((28) -1-Benzylpyrrolidin-2-yl) - [4- (4-fluorophenoxy) -

piperidin-1-yl] -methanone hydrochloride (Compound 48).
Compound 48 was prepared from (2S)-1-
benzylpyrrolidin-2-yl carboxylic acid and 4- (4-

15 fluorophenoxy)piperidine as described in Example 1 to
vield 516mg (65%) as the hydrochloride salt. 'H NMR
(CDC1l;, 500 MHz) 6 7.36 (m, 5H), 6.98 (m, 2H), 6.87 (m,
2H), 4.4 (m, 1H), 3.98 (m, 1H), 3.80 (m, 2H), 3.52 (m,
4H), 3.10 (m, 1H), 2.32 (m, 1H), 2.15 (m, 1H), 1.84 (m,

20 4H), 1.75 (m, 3H) ppm. MS: m/z 383.5 (M+1)



(CDC13, 500 MHz) S 7.41 (m 4H), 7.06 (m 6H), 4.28 (s, 1H), 3.79 (m 1H),
3.72 (m 1H), 3.58 (m 2H), 3.38 (m 5 1H), 3.26 (m 1H), 2.80 (m 1H ,
2.5-2.25wWom1/588)1 , 2.14 (m 1H) , 1.94 (m 1H , 1.84 (mCT2F01/042h013 (t,
3H ppm MsS: mz 414.5 (M+l). Exanple 32 0 10
((2S)-1-Benzyl pyrrolidin-2-yl)-{4-bis-(4-
f | uor ophenyl ) net hyl ] - pi per azi n- 1-yl } - net3%anone di hydrochl ori de (Conpound
51) Conmpound 51 was prepared from (2S)-1 15 benzyl pyrrolidin-2-yl
carboxylic acid and N Bis-(4- fluorophenyl)nethyl pi perazine as described in
Exanple 1 to yield 1.59g (66% as Egﬁﬂﬁﬂﬁydﬂbchloride salt. 1H NMR
(CDC13, 500 MHz) 8 7.4 (m 2 (02 (m 2H , 4.26 (s, 1H), 3.92 (m
1H), 3.69-3.4 (m 3H), 3,3 2.39 20 (m 3H), 1.65 (m 3H), 1.45
(m 6H) ppm Ms: miz 476€. Fg- conpounds descri bed i n Exanpl es
33-34 were preparedq by nNsc bt hod B). WO 01/58891 PCT/ US01/ 04210

y nzyI pi peridin-1-yl)-((2S)-1-benzyl pyrrolidin-2-yl)-
met hanone hydrochljori dg (Conpound 52). 5 1-Benzyl-L-proline (3.12 g, 15

N nto 60 nL anhydr ous di chl oronet hane. To this solution

2.06 g, 15 mml ), 4-benzylpiperidine (1.77 m, 10.1 mol),
20 mmol ). The reaction was stirred for 16 hours at room

was added
and EDC (3.

tenperature.
((28) -1-Benzylpyrrolidin-2-yl) - [4- (4-fluorobenzyl) -

piperidin-1-yl] -methanone hydrochloride (Compound 49).

5 Compound 49 was prepared from (28)-1-
benzylpyrrolidin-2-yl carboxylic acid and 4- (4-
fluorobenzyl)piperidine as described in Example 1 to
yield 674mg (81%) as the hydrochloride salt. 'H NMR
(CDC1l;, 500 MHz) & 7.83 (m, 1H), 7.71 (m, 1H), 7.42 (m,

10 3H), 7.07 (m, 4H), 4.58 (m, 2H), 4.38 (m, 0.5H), 4.28 (m,
0.5H), 3.87-3.58 (m, 2H), 3.35 (m, 1H), 2.80 (m, 0.5H),
2.70 (m, 0.5H), 2.58-2.17 (m, S5H), 1.95 (m, 1H), 1.68 (m,
4H), 1.41 (m, 1H), 1.03 (m, 2H) ppm. MS: m/z 381.5
(M+1)

15 Example 31

Q

o

4-[Bis- (4-fluorophenyl)methyll piperazin-1-yl}-((28)-1-
ethylpyrrolidin-2-yl) -methanone dihydrochloride (Compound
50)

20 Compound 50 was prepared from (2S)-1-

ethylpyrrolidin-2-yl carboxylic acid and N-Bis- (4-



10 The reaction was diluted wi th dichl oronethane, washed w th saturated
sodi um bi carbonate, water and brine. The organic |ayer was dried over
anhydr ouwosaghsgsan sul fate, filtered, and evaporated in vaarusoTh&icr ude
residue was purified by flash chromat ography (Si02) using 4% MeOH in 15
di chl oronet hane yielding 3.60 g (98% of conpound 52 which was converted
to the hydrochloride salt (3.41g; 95% -53+H NWR (D20, 500MHz) : 8 0 . 4 -
1. 0 (m 2H ; 141 6(m 2H) 1. 7(m 1H) 18(m 1H) 19(m 1H);
2.1 (m 1H); 1H); (m 5 (1H); 3.7-3.9 20
(m 2H); 4. fl(\mfomnywﬂset(hﬁlplmer%we 4a% %ﬁprmd iry, %X@mml%n% Q0H)

ppm M nz 363 { M+1y Ee@a;r%? _ !

(4- Benzyl pi peri dofn 1- yq) (2S)-1- et hyclllph r(%rcfc%lorlde 36311:25 mglt kll\g/lr?one
hydr ochl ori d@B(GJgr,rthondMEI&)) SWD. 81/ 5&891HI?CT/7U8@1/ QAZE@I - 25 2@onpeqund 53
was prepared from (28) 1- et hyli)ryrrol i di n-2-yl carboxyli ¢ acid and 4-
benzyl pi per it ne 3as’ Heldor i i 7I§<aWbI B3 td 38 ef®y 2238, my 35308, of as

the HCL sal tj4)1H ( 1.3:y 5 )¢ 1.0 ( 1.7 (m

3 1.9 (maH) BNEﬁo @Czﬁi O‘gw A J?{rr)] %_0@22245-9(# %—%”m 2.?‘@,

0. 5H); 2.9 (nt,, 101)5H)3 . 9&248 éﬂ.}(m B4 Go5 FHN, 1H)I3 3(T, (3H) Idm. 4.4 (m

1H); 4.6 1 (t, 1H); 7.2 (t, 2H ppm M mz 301

(MHD) . 10 T %nfsl%eggg&’lﬂ@d i n Exanpl es 35-45 were prepared by

Schene 1. Exarrple 35 Preparation of (4-Benzylpiperidin-1-yl)-((2R)-1I-
Example 32

J

e}

10 ((28) -1-Benzylpyrrolidin-2-yl) -{4-bis- (4-
fluorophenyl)methyl] -piperazin-1-yl}-methanone
dihydrochloride (Compound 51)

Compound 51 was prepared from (2S)-1-

15  Dbenzylpyrrolidin-2-yl carboxylic acid and N-Bis- (4-
fluorophenyl)methylpiperazine as described in Example 1
to yield 1.59g (66%) as the dihydrochloride salt. 'H NMR
(CDC1l;, 500 MHz) 6 7.4 (m, 2H), 7.02 (m, 2H), 4.26 (s,
1H), 3.92 (m, 1H), 3.69-3.4 {(m, 3H), 3.32 (m, 1H), 2.39

20 (m, 3H), 1.65 (m, 3H), 1.45 (m, 6H) ppm. MS: m/z 476.5
(M+1) .

The compounds described in Examples 33-34 were

prepared by Scheme 2 (Method B).



benzyl pyrrolidin-2-yl)-nmethanone (Conpound 55) 15 Step A. HO

(4-Benzyl pi peridin-1-yl -(2R) -pyrrolidin-2-yl-methanone hydrochl oride

( Conpoun?el)s88BOC- D- Prol i ne (3.345g, 15.5 mml) was di ssadvesbi/o0200i n 25 i
of dichl oronmethane. To the solution was added 4-benzyl piperidine (1.28 m,
10.3 nmmol ), HOBT (2.1g, 15.5 mmol), and EDC (3.96g, 20.6 mmol). The
reaction was stirred at roomtenperatursd-for 16 hours. The reaction was
diluted with 50m of dichloronethane and washed with 25 saturated sodi um
bi carbonate, water, and brine. The organic |ayer was dried over anhydrous
sodiumsul fate, filtered, and evapdZam®de 33give a yellow oil that was
purified by flash chromatograp (Si02) eluting with 95:5 WD 01/58891

PCT/ US01/ 04210 ¢ hane/ net hanol to afford 3.22g (58%yiel d) of
(2R) - 2- (4-Benzyl bonyl ) - pyrrolidine-I- carboxylic acid
tert-butyl estex =373 (Mtl). (2R)-2-(4-Benzyl pi peridine-I|-carbonyl)
5 pyrrolidine-l-darbdxylic acid tert-butyl ester (3.22g, 8.6 nmml) was

di ssol ved i n&sQ a of° et hyl acetate. The solution was treated with

anhydr ous H( d stirred at roomtenperature for 1 hour. The reaction was
evapor at ed ¥ vacuo and dri ed to afford 2.59 (94 %yield) of 10 conpound

U R B e L i S ]

(m 1H), 2 hyre’ or 2 (m 1H), 2.1-2.

5 1-Benzyl-L-proline (3.12 g, 15 mmol) was taken

into 60 mL anhydrous dichloromethane. To this solution
was added HOBT (2.06 g, 15 mmol), 4-benzylpiperidine
(1.77 ml, 10.1 mmol), and EDC (3.84 g, 20 mmol). The
reaction was stirred for 16 hours at room temperature.

10 The reaction was diluted with dichloromethane, washed
with saturated sodium bicarbonate, water and brine. The
organic layer was dried over anhydrous sodium sulfate,
filtered, and evaporated in vacuo. The crude residue was
purified by flash chromatography (Si0O,) using 4% MeOH in

15 dichloromethane yielding 3.60 g (98%) of compound 52
which was converted to the hydrochloride salt (3.41g;
95%). 'H NMR (D,0, 500MHz): 80.4-1.0 (m, 2H); 1.4-1.6 (m,
2H); 1.7 (m, 1H); 1.8 (m, 1H); 1.9 (m, 1H); 2.1 (m, 1H);

, 2.4 (m, 4H); 2.8 (m, 1H); 3.3 (m, 1H); 3.5 (1H); 3.7-3.9

20 (m, 2H); 4.1 (dd, 1H); 4.5 (m, 1H); 4.4, 4.6 (d4dd, 1H);

7.1-7.4 (m, 10H) ppm. MS m/z 363 (M+1l). |

Example 34

(o)

(4-Benzylpiperidin-1-yl)?((2S)-1—ethy1pyrrolidin-2-y1)-
25 methanone hydrochloride (Compound 53).



(m 1H, 1.9 (m 1H), 1.85-1.70 (m 3H), 1.6 (m 1H), 15 1.4-1.1 (m 2H)
ppm Ms mz 309 (Mtl). Step B. N110

(4- Benzywo @esgadi n-1 -yl )-((2R) -1 -benzyl pyrrolidin-2- yl) rmetTsione10

hydr ochl ori de (Conmpound 55). 20

(4-Benzyl pi peridin-1-yl-(2R)-pyrrolidin-2-yl- methanone hydrochl oride
(67mg, 0.22 mmol) was dissolved in 5m-5- di chloronmethane. To the solution
was added -benzyl bromde (25 ul, 0.22 mml), triethylamne (60 pl,

0. 44mol ), and 5ng of tetrabutyl ammoni umi odi de. The 25 sol ution was
stirred at roomtenperature for 16 hours. The reaction was diluted with
25ml of di chl or onet haﬁ@wnm@l/vm@r%wqgsmvmzt@ =57 washed with

saturated s ghe] e, water brine rganic |ayer was
dried over %&ﬁlwtpg)tf(si‘%so élvxlaf aatrbo’? qllt %r ecd1d an e48apor ated in vacuo to
afford a yeidrmyl@ﬂpermme/\@rs Agddigskdyif | BsdmEhy agmtagrapdyd 5215 O2)

eluting with 100: 2 di chl or onet hane/ net hanol to afford conmpound 55 which
was convert &§ t(&3i%s ofhydr déid éiqldesaéldilt H3NM§ ((QP%lybeEIPMHIH NMR ( (D20,

gogo ?A:]Zg 131)7 o5 1(2%{7]'0%5 (“30;6{( 1 5% 5%)?( Jown%mqﬁ 215 o

2.5-2.3 (m 23I§I) (3. 2H)M 21H) ,(m,2.381)(;m2 18 (m,1.185- 12458((03 7cH)5H)1,120985 (m

2H) ppm npl e 36 Preparation of }%4 Benzyl pi perl din ((2S)-1-
phenet hyl pyr rtol i%di5AY 2- - P-RetthdfoneH) Gorpsund 5 AH) 1153 s’teét 1*&4 D4-4

(m, 1H); 4.6 (m, 1H); 7.0 (d, 2H); 7.1 (t, 1H); 7.2 (t,
2H) ppm. MS m/z 301 (M+1).
10 The compounds described in Examples 35-45 were

prepared by Scheme 1.

Example 35

Preparation of (4-Benzylpiperidin-1-yl)-((2R)-1-
benzylpyrrolidin-2-yl) -methanone (Compound 55)

15 Step A.

ng

(4-Benzylpiperidin-1-yl- (2R) -pyrrolidin-2-yl-methanone
hydrochloride (Compound 54).
BOC-D-Proline (3.345g, 15.5 mmol) was dissolved
20 in 25 ml of dichloromethane. To the solution was added
4-benzylpiperidine (1.28 ml, 10.3 mmol), HOBT (2.1g, 15.5
mmol) , and EDC (3.96g, 20.6 mmol). The reaction was
stirred at room temperature for 16 hours. The reaction
was diluted with 50ml of dichloromethane and washed with
25 saturated sodium bicafbonate, water, and brine. The
organic layer was dried over anhydrous sodium sulfate,
filtered, and evaporated to give a yellow oil that was

purified by flash chromatography (Si02) eluting with 95:5



(4-Benzyl pi peridin-1-yl)-(2S)-pyrrolidin-2-yl-nmethanone hydrochloride
(Compound 56). 2-(4-Benzyl pi peridi ne-|-carbonyl)-pyrrolidine- 20

1- car boxwla @/sagd91d tert-butyl ester (10.4 g, 48 mml) was pcaui§oeoixaa to
identical conditions as the D isoner in Exanple 35, Step A (Conpound 54) to
yield 14.98g (100% of

(2S) - 2- (4-Benzyl pi peridi ne-1-carbonyl)-harolidine-I- carboxylic acid
tert-butyl ester. Ms niz 373 (M+l). 25 The product,

(2S) - 2- (4-Benzyl pi per|d| ne-| - carbonyl) rrolidine-I-carboxylic acid
tert-butyl %’r loyopetgggie /Ag ol £ %%ﬁﬁ%l%fﬁ?sﬁ) (s dy sabivedf i n 150nL

sE:E iOrA\(r:egn?oqul 2)_ur_. The réﬁg)tl on was %/\%0%%&’1 P%S%%%{Afgﬁql ?ESWas

evapor at ed to@rén‘qimldclao&z&g t(e]rﬁﬂ%utq,fl conpatind M5 as/a 3Whi terfbam 1H NWR
CDC13, 500MHz) 85 m 3 1.9
Em 1H); 2.0- 2)1 (m &21%]) (Erﬁ@ZMJ)PlQe%“Hﬂe %Caréo%ni(]rﬁ ( 507 (m
1H), 5 351 (gﬁﬁrrwmdl%edﬂl(%r 113 Gdin dddé-Puth A tesddd (ﬂ {DQ ,(t H) ;

4.7 (bs, 1H); d, 2H); m_ 1H); 7.35 (m ZI? ppm n12 273
(M) . Step8B6 gm1 was dlssolved in 50 ml of ethyl acetate. The

Sononey PLIET ) SRSl SIS T, g oS gone
Benzyl - pi permriceim tb{rg:le)r-a(t@r-ep)frdzollj diduﬁ.-yITlrmtﬂmnmmn \&hé)%fd.pcﬁﬂatﬁé’d mol ,
éqﬁl Sgriaxﬁg)%ntsﬁt é’sosralﬁﬁoéf%it%e%tef&%%ierﬁ_and 5 ﬁnq’ édg)ﬂfgrgol uti on
10 compound 54. 'H NMR (CDCl,, 500 MHz) & 7.35 (m, , 7.2
(m, 1H), 7.1 (4, 2H), 4.7 (br. s, 1H), 4.5 ((t, 1H), 3.7
(¢, 1H), 3.6 (m, 1H), 3.4 (br. s, 1H), 3.1 (m, 1H), 2.7
(m, 1H), 2.6 (m, 2H), 2.5 (m, 1H), 2.2 (m, 1H), 2.1-2.0
(m, 1H), 1.9 (m, 1H), 1.85-1.70 (m, 3H), 1.6 (m, lH),‘
15 1.4-1.1 (m, 2H) ppm. MS m/z 309 (M+1).

Step B.

w”"(

(4-Benzylpiperidin-1-yl) - ((2R) -1-benzylpyrrolidin-2-
vl)methanone hydrochloride (Compound 55).

20 (4-Benzylpiperidin-1-yl- (2R) -pyrrolidin-2-yl-
methanone hydrochloride (67mg, 0.22 mmol) was dissolved
in 5ml of dichloromethane. To the solution was added
‘benzyl bromide (25 upl, 0.22 mmol), triethylamine (60 nl,
0.44mmol), and 5mg of tetrabutylammonium iodide. The

25 solution was stirred at room temperature for 16 hours.

The reaction was diluted with 25ml of dichloromethane and



was refluxed for 12 hours, filtered, and evaporated. The residue was

di ssolved in DCM washed with saturated sodi um bi carbonate, and the aqgueous
| ayer wawoemissmated 20 with DCM We washed t he conbi ned rargesvio4yhases
with water and brine and then dried the organic phase over sodium

sul fate. The solution was then filtered, and evaporated. The residue was
purified via flash chromatography using’a gradient fromDCMto 4%eOH in
25 DCM The fractions were evaporated, suspended in 5nL Et20 and di ssol ved
by the dropw se addition of HCl/Et20, The WD 01/58891 PCT/US01/04210 -59
ether was eVEiores ¢tith fe bt d ey skHC‘rf’Ifré%Pfi%qu Yatewi Ayl ether for
30 m n, decajt; a Wﬁﬁﬂ: tered
and dried u?(jlg?g'r egglcetegjefpreﬁslgc{nle to a or 6 H%QZA}?I%%%%SH}I)\%%%&%7 as 5
the HC1 SalEulﬁaﬂHWQﬂ#ﬂﬂéﬁﬁdﬁﬂﬁde$®apdﬁaﬂbdrmn:&@qud_ﬁb 4fﬁoﬁﬁﬂal 9 (q,

2.1 - 2.3 (t,. .0.5H): 2. . 6

2.7 (grpe&]lg% Jé 9 (&[H ggasibpu@él e(dmbylﬁasé“ fﬁ?‘éﬁm%ﬁgr 3 S(Enm
5FD 4.4s5(t, SiUﬂ edubifhgdwith) 1060 Gdchaekomgthaﬁe3§dﬁﬂaﬁyﬂ gpm M 10
mz 377 (I\/H) anple 37 _ O (4-Benzyl pi peridin-1-yl) [ (25) -1-
(4-f1 uor obeﬁzf;ﬁlcard GOy iS R 203 qh i irgee rrfﬁ#d'f,qn:ow de (Conpound 58).
15 Co dy b t t d

g 8 P e e AT or i plpden 268 o

enpl oyi ng 4-flouro 2-'br onoet enzehe,
yi el di ng 14@11—1!199 &( 770%7&1& tlhe 1981 ,sal.tos 1M, NIER (,CIZCE& (EtOOMﬁZ)) £50.66-0. 8
1.33 67 6-1.8 2 1H) ;
(m " m, 1S-Im H)m, 1H), 3 (4no] H) 0. 5H) (n3].3oH)(m, 1.5H),
10 3.0 (m, 1H), 2.75 (g, 1H), 2.5-2.3 (m, 3H), 2.2 (m, 1H),

2.0 (m, 1H), 1.85-1.45 (m, 7H), 1.1-0.85 (m, 2H) ppm.

Example 36

Preparation of (4-Benzylpiperidin-1-yl)-((28)-1-
phenethylpyrrolidin-2-yl) -methanone (Compound 57)

15 Step A.

oI

H 0o
(4-Benzylpiperidin-1-yl) -(28S) -pyrrolidin-2-yl-methanone
hydrochloride (Compound 56).

2-(4-Benzylpiperidine-1l-carbonyl) -pyrrolidine-

20 l-carboxylic acid tert-butyl ester (10.4 g, 48 mmol) was
subjected to identical conditions as the D isomer in
Example 35, Step A (Compound 54) to yield 14.98g (100%)
of (28)-2-(4-Benzylpiperidine-1l-carbonyl) -pyrrolidine-1-
carboxylic acid tert-butyl ester. MS m/z 373 (M+1).

25 The product, (2S)-2-(4-Benzylpiperidine-1-
carbbnyl)—pyrrolidine—1—carboxylic acid tert-butyl ester
(14.98g, 48 mmol, 1.2 equivalents) was dissolved in 150mL
EtOAc and HCl(g) was bubbled through for 15 min, then the

reaction was stirred for 1 hour. The reaction was



202.0 (m 1H; 2.1 (m 1H); 2.3 (m 1H,; 2.6 (m 4H); 3.0 (g9, 1H); 3.4
(m 1H); 3.7 (dd, 1H); 3.8-4.1 (m 2H); 4.3 (dd, 1H); 4.6 & 4.8 (dd, 1H);
4.7 (t, wWe)aq1/5889Q-7.4 (m 5H); 7.45 (m 2H); 7.6 (m 2H RgMUSOMB421HZz 381

(M+1). WO 01/58891 PCT/ USO01/ 04210 -60 Exanple 38 O

(4-Benzyl pi peridin-1-yl)-[(2S)-1-(3-phenyl propyl) -
pyrrolidin-2-yl]-nmethanone hydrochl ori d&qConpound 59). 5 Conpound 59 was
prepared as in Exanple 37, above, except heating only at 60C for 12 hours,

and enpl oyi ng 3-phenc}/l pr Oaﬁ%fl brom de instead of 2- bronoet hyl benzene,
yi el di ng 19CYAPEIRY d<° tHef P Ka1849 11 NWR eereamposndid)as & 1.0 (m

2H) ; 1.7 : ; 1.9 1 ( H) ; -2.2.4 (m, 6H,; 2.9 C1H);

5% (Enmh’%:% Foginty (m?’I %’ﬁ% (?Déaebs?gﬁ'ﬁﬁl?)s.g (lbé,'q'rlf’i);(% A?(HEPd, 1H) :

4.6 (bs, 1HI.d.@r7-B0(M110H #PMaMsmy z BH. (M) ; EXaePh €1 38, N O 9Y
15 (4-Benzhydryl pi perazin-| -yl -%(28) -1- (4- met hoxybenzyl ) -

pi peri di n- 2-31)]i- rethalibnel B fnyftzif ctitoritle (TANPOUNRBD) . 2 - Tofrpoubd 60 vvals
repar edefr 4- (1 ,;3\di pheny t -piperazin-keyl]l-£29) -piperigdin-2-yl-
80 Pret ha?longnal%d(qg(- %)h’o%bdgnlz%?’ l?r%)]rﬁ gje'pé:ls d'esi:hcé)l beid'?o@\/\ohg% 5%8%1

PCT/ US01/ 042%0 191 Qorfpoiled, 20H)i n Extantd e 2t 0 &afd otm, 1ding 15589 (s t he

2H) ppm. MS m/z 273 (M+1).
Step B.

0

(o)

10 (4-Benzylpiperidin-1-yl)-((2S)-1-phenethylpyrrolidin-2-
yl) -methanone (Compound 57).

We added 174 mg (0.56 mmol, 1.0 equivalent) (4-
Benzyl-piperidin-1-yl)-(S)-pyrrolidin-2-yl-methanone,
0.085mL (0.62 mmol, 1.1 equivalents) 2-bromoethyl-

15 Dbenzene, and 270 mg (1.96 mmol, 3.5 equivalents)
potassium carbonate to 10 mL acetonitrile. The solution
was refluxed for 12 hours, filtered, and evaporated. The
residue was dissolved in DCM, washed with saturated
sodium bicarbonate, and the aqueous layer was extracted

20 with DCM. We washed the combined organic phases with
water and brine and then dried the organic phase over
sodium sulfate. The solution was then filtered, and
evaporated. The residue was purified via flash

- chromatography using a gradient from DCM to 4%MeOH in
25 DCM. The fractions were evaporated, suspended in 5mL Et,0

and dissolved by the dropwise addition of HC1/Et,0. The



di hydrochl oride salt. 1H NV\R (DMSO-d6, 500 MH#z) 8 8.2 (m 4H), 7.71 (m
6H), 7.63 (dd, 2H), 7.28 (dd, 2H), 5.95 (m 1H), 4.95-4.32 (m 3H), 4.28
(m 2H) ,wadazksgm 3H), 5 4.03 (s, 3H), 3.86 (m 1H), 3.6-KKTiUSomo4Ab), 2. 33
(m 1H), 1.96 (m 3H), 1.85 (m 1H), 1.76 (m 1H) ppm M5 niz 484.5
(Mt1l). Exanple 40 ,00 0 aF O 9y 10

((2S) - 1- Benzyl pi per| di n- 2-yl)-{4-[bis- (4%1 uor ophenyl)

net hyl ] - pi perazi n-1-yl } - net hanone (Conpound 61). Conpound 61 was prepared
from {4- [Bis- (4 fluoro-phenyl)-nethyl]-piperazin-1-yl}-(2S)-piperidin-2-
yl - met hanon&tA¥d Bz \AvVaRFAtEe adfe S sk r sord @ rigoiried 152 240 L Exanpl e

oy o 706 Ut et A% dih Sl HIAIAE, Sd e IR X, SO0

3% (s el ts st o mtacion
Z e

(4 [Bis. (4 ﬁe@ﬂﬂ&ﬁ?@a@ﬂ% s %L%efl&(z‘?%“ﬁy R sE Rgond §7 2

| uor obengyl i pRAI (yath (yllh fRkhapspe, (Coppound) 623 .1 . @ GPmpeaynd $2; was

prepared from{4- [Bis

f 1 uor o- phenym), - met)hyl1].-9pi (@er a&)n- 12-\ }a(,29)H)pi prrad dim- 2Z-H)y] -2t hanone and

4-f|uoroben%¥|5ngr’_or£i.d5e (ats, %e.ss%r)i;b%qsfo(rm, 1H); 2.7 (t, 0.5H); 2.9 (t,
0.5H); 3.1 (m, 1H); 3.2 {(m, 1H); 3.3-3.8 (m, 5H); 4.4 (t,
1H); 4.6 (dd, 1H); 7.0 (4, 2H); 7.1-7.35 (m, 8H) ppm. MS

10 m/z 377 (M+1).

Example 37

(4-Benzylpiperidin-1-yl)-[(2S)-1-(4-fluorobenzyl) -
pyrrolidin-2-yl] -methanone hydrochloride (Compound 58).
15 Compound 58 was prepared as described above
except without heating and employing 4-flouro-benzyl-
bromide instead of é—bromoethyl—benzene, yielding 146 mg
(70%) as the HCl salt. 'H NMR (CDCl;, 500MHz): 80.5-0.8
(m, 1.33H); 1.1 (m, 0.67H); 1.6-1.8 (m, 2H); 1.9 (m, 1H);
20 2.0 (m, 1H); 2.1 (m, 1H); 2.3 (m, 1H); 2.6 (m, 4H); 3.0
(g, 1H); 3.4 (m, 1H); 3.7 (dd, 1H); 3.8-4.1 (m, 2H); 4.3
(dd, 1H); 4.6 & 4.8 (dd, 1H); 4.7 (t( 1H); 7.2-7.4 (m,
5H); 7.45 (m, 2H); 7.6 (m, 2H) ppm. MS m/z 381 (M+1).



Compound 21 in Exanple 9 to afford 510ng (83% as the dihydrochloride
salt. 1H NWR (CDC13, 500 MHz) 8 7.24 (m 10 6H), 6.90 (m 6H), 4.09 (s,
1H), 3. 7woms8ddd), 3.54 (m 2H), 3.11 (m 1H), 2.80 (m PHH)ySozodQ0(m 4H),
1.80-1.06 (m 10H) ppm MS mz 508.5 (Mtl). Exanple 42 NaF O71 15
{4-[Bi s-(4-fluorophenyl ) nethyl]-pi perazin-1-yl}-((2S)-1-

cycl opropyl net hyl - pi peri di n-2-yl) - net hartfdhe (Conpound 63). Conpound 63 was
prepared from{4-[Bis-(4 WD 01/58891 PCT/US01/ 04210 -63

fl uor o- phenyl ) - net hyl | - pi perazi n-1-yl }-(2S)-pi peridin-2- yl-nmethanone and
cycl opropyl met hyl broni de as descri Ee@nHdl® Xnpound 21 in Exanple 9 to
afford 442ng (79% as the dlhy- ochloride salt. 1H NWVR (CDC13, 500 MHz) 8
7.28 (m 5 4H), 4 ¢. 12 (s, 1H), 3.65 (m 1H), 3.51 (m 2H),
3.32 (m 1H), 2.6 y m 4H), 1.75-1.05 (m 10H), 0.84 (m
1H), 0.44 (m 2H) ppm Exanple 43 y 0 aF O 10
((2S)-1-Al |yl pi per i n}2- yI) {4-[ bis-(4-

fl uorophenyl ) meth ]-ppbera2|n 1-yl }-met hanone (Conmpound 64). Conpound 64
was prepared fro

{4-[Bis-(4-
fl uor ophenyl

et hyl | - pi perazin-1-yl}-(2S)-piperidin-2-

(4-Benzylpiperidin-1-yl)-[(2S)-1- (3-phenylpropyl) -
pyrrolidin-2-yl] -methanone hydrochloride (Compound 59).

5 Compound 59 was prepared as in Example 37,
above, except heating only at 60°C for 12 hours, and
employing 3-phenylpropyl bromide instead of 2-
bromoethylbenzene, yielding 190 mg (89%) as the HCl salt.
"H NMR (CDCl;, 500MHz): & 1.0 (m, 2H); 1.7 (m, 2H); 1.9-

10 2.3 {(m, BH); 2.4-2.2.7 (m, 6H); 2.9 (m, 1H); 3.1-3.25 (m,
2H); 3.3 (m, 1H); 3.6 (bs, 1H); 3.7 (bs, 1H); 4.4 (d,
1H); 4.6 (bs, 1H); 7.0-7.3 (m, 10H) ppm. MS m/z 391
(M+1) .

Example 39

(.
JC

15 ~

(4-Benzhydrylpiperazin-1-yl)-[(2S)-1-(4-methoxybenzyl) -
piperidin-2-yl] -methanone dihydrochloride (Compound 60) .
Compound 60 was prepared from [4-(1,1-

diphenylmethyl]-piperazin—l—yl]-(2S)—piperidin—2-yl-

20 methanone and 4-methoxybenzyl bromide as described for



15 yl - et hanone and allyl brom de as described for Conpound 21 in Exanple 9
to afford 355ng (65% as the dihydrochloride salt. 1H NVR ( CDC13, 500
MHz) 8 7weloi(s$91 4H), 6.96 (m 4H), 5.81 (m 1H), 5.09 (dcT26§01/042107 (S,
1H), 3.87 (m 1H), 3.66 (m 1H), 3.57 (m 1H), 3.50 (m 20 1H), 3.22 (m
1H), 3.06 (m 1H), 2.78 (m 1H), 2.26 (m 4H), 1.95 (m 1H), 1.84-1.34 (m
6H), 1.22 (m 1H) ppm M5 mz 440.5 (M#€D- WD 01/58891 PCT/ US01/ 04210 -64
Exanple 44 NF 0 2y {4-[Bis- (4f|uoropheny|)nethy|] pi perazi n-1
yl}-1(2S)-1-(3-neth I-but 2-enyl p| peri di n- l 5 rret hanone (Corrpound
65). ConpourfP™§s D eFarER TR on 3 449 B &t ’&d l4lmg (55%) as the

fluoro- pheny eraz d| one and
3- et hyl - Ghgheyny ]JOLp ee as descrﬂ@gﬁzqﬁ)ﬂgg% un(rjlsog)l I;éplr}e 9to
afford 290rrgn(514¥é a87 tne &0, déiydrocdd orddle =@ | .7 1kb NMEG(C@ﬁAlB 5508 Miz)

6 7.50 (m 4H) , 7.13 4352 538m1H),434(sl , 3.88-3.60
(m 3H), 35@:219@(@ 9#04 460 ( AHUH)4 - 28 96U D) (n - 1BHJm, 1386, (s, 3H),

.70 M- | g 45 Bis- (4-f
I uor oéﬁeny:_% net yﬁ “pi ;efsgzlén &n( fﬁ ((2%(3’”? i HF N Q[ 4g, [Bis- (
(2- et hyl pr gyl ) -Ipigger (i rBE2- y13 - mt tanarte) ( Conpoutrd, 68§) ppm. MS

m/z 484.5 (M+1).

Example 40

10 ((28) -1-Benzylpiperidin-2-yl) -{4- [bis- (4-fluorophenyl)
methyl] -piperazin-1-yl}-methanone (Compound 61).

Compound 61 was prepared from {4—[Bis—(4—
fluoro-phenyl) -methyl] -piperazin-1-yl}- -piperidin-2-
yl-methanone and benzyl bromide as described for Compound

15 21 in Example 9 to afford 448mg (75%) as the
dihydrochloride salt. 'H NMR (CDCl,;, 500 MHz) & 7.16 (m,
9H), 6.81 (m, 4H), 4.02 (s, 1H), 3.68 (m, 1H), 3.46 (m,
2H), 3.00 (m, 1H), 2.73 (m, 1H), 2.14 (m, 4H), 1.8-1.04
(m, 6H) ppm. MS m/z 490.5 (M+1).



Compound 66 was prepared simlarly to Conpound WO 01/58891 PCT/ US01/ 04210
-65 21 (Exanple 9) from{4- [Bis- (4-fluoro-phenyl) -nethyl] -

pi per azi wolsyss§sipi peri di n- 2-yl - net hanone (500 ng, 1.06 mealySoane10

1- br ono- 2- et hyl propane (164 ng, 1.22 mml) to afford 590 ng (46% vyi el d)
after chromatography. "HNVR 5 (CDC13, 500 MHz) 8 7.38-7.31, 4H m

7.05-6.95, 4Hm 4.25- 3.80, 2H m 3.50€%225 4H m 3.20-2.75, 2H m
2.42-2.25, 3HmM 2.25-1.70, 3Hm 1.62-1.40, 6Hm 1.38-1.00, 7H m ppm
M5: mz 456.5 (M+l). Exanple 46 10 Preparation of A Key Internediate for

t he Compounds Synt hesi zed By Schene EXaMpd e didpounds described in Exanpl es
46-59 were prepared by Schene Step A Cr NO NI N 15

4- ((2S)- 1- Et hyl pi peri di ne-2-carbpnyl) - pi perazi ne-1- carboxylic acid
tert-butyl ester (Conpound 67), S) -1 - Et hyl - pi peri di ne-2-carboxylic acid
(2.54g9, 16.24 mmol) was taken fntg 20 ml of 20 dichl oronethane and 10.4 mi
(30 nmmol ) of diisopropyl ethyl ashe. Pivaloyl chloride (2 m, 16.24 mol)
was added to the solution dropwi se. After stirring at roomtenperature for
1 hour, a sol utionoi™\pi peraziyre- ar boxylic acid tert-butyl ester
(2.76g, 14.6 mol )| wag 25 se and the reaction was stirred
overni ght.

{4-[Bis- (4-fluorophenyl)methyl] -piperazin-1-yl}-[(28)-1-
(4-fluorobenzyl) -piperidin-2-yl] -methanone (Compound 62).

5 Compound 62 was prepared from {4-[Bis- (4-
fluoro-phenyl) -methyl] -piperazin-1-yl}-(2S) -piperidin-2-
yl-methanone and 4-fluorobenzyl bromide as described for
Compound 21 in Example 9 to afford 510mg (83%) as the
dihydrochloride salt. 'H NMR (CDCl;, 500 MHz) & 7.24 (m,

10 6H), 6.90 (m, 6H), 4.09 (s, 1H), 3.71 (m, 1H), 3.54 (m,
2H), 3.11 (m, 1H), 2.80 (m, 1H), 2.19 (m, 4H), 1.80-1.06
(m, 10H) ppm. MS m/z 508.5 (M+1).

Example 42

S

N,

15 {4-[Bis- (4-fluorophenyl)methyl] -piperazin-1-yl}-((28)-1-
cyclopropylmethyl-piperidin-2-yl) -methanone (Compound
63) .

Compound 63 was prepared from {4-[Bis- (4-



The reaction was washed with 1N sodi um hydroxi de, water, and brine. The
organic | ayer was dried over anhydrous sodiumsulfate, filtered and
evapor at e d1rssssacuo to WO 01/ 58891 PCT/ US01/ 04210 -66 affcarasoaoyxbl| ow oi |
whi ch was purified by flash chromatography (Si02) eluting with gradi ent of
di chl oronet hane to 5% nethanol to afford 4.7g (98% of conmpound 67. 'H NWR
(CDC13, 500 MHz) 8 4.08 (m 1H) , 3.83 ®fm 1H), 3.64 (m 1H), 3.56-3.40
(m 6H, 313(m2H) 268(m1H) 224(m1H) 194(m1H) 1.80 (m
2H), 1.66 (m 2H), (s, 9H,. 1.32 (m 1 m 3H) m Step B.
IIlr CY H J‘.de(O(I?S)PTﬁ Wlﬁtﬁmlmmpﬁmélrm eYJa}z1h2 ly@lm@fﬁgp

di hydr ochl orjyd %W ) yl)
pi per azi ne- I}}-lcgl}efjoxy IC gacr?% qtyecrltdbpgl(@I est eﬁy %IP&PP&%%Q %%s %}@
di ssol ved i B0 Gamden@At 2ndirt rEetngol ev 4 h:d-l@lffc(:g:) 4mm@r BAFY ramgtmeer 1

hour, the resultlng preC|p|tate was filtered, washed with EtOAc, and dried
in vacuo yldéifﬁ’dﬁ’g? f%‘-d(%%ltof CHP¥Bnd CBE L3 MEE O Ry MHEMH) 7 - 289 (mpQ
Exanpl e CI r Cl [ ( 4- | ro yl
it peraz?n ) 65:'9d o _4]@, 1.8 &, @ AP &Igrobaizyld 51 (m,

2H) 3. 32 (m, 1H), 2.68 (m, 1H), 2.24 (m, 4H), 1.75-1.05

(m, 10H), 0.84 (m, 1H), 0.44 (m, 2H), 0.02 (m, 2H) ppm.

Example 43

»
C

10 ((28)-1-Allylpiperidin-2-yl)-{4-[bis- (4-
fluorophenyl)methyl] -piperazin-1-yl}-methanone (Compound
64) .
Compound 64 was prepared from {4—[Bis—(4—
fluorophenyl) -methyl] -piperazin-1-yl}- -piperidin-2-
15 yl-methanone and allyl bromide as described for Compound

21 in Example 9 to afford 355mg (65%) as the
dihydrochloride salt. 'H NMR ( CDCl;, 500 MHz) & 7.31 (m,
4H), 6.96 (m, 4H), 5.81 (m, 1H), 5.09 (4, 2H), 4.17 (s,
1H), 3.87 (m, 1H), 3.66 (m, 1H), 3.57 (m, 1H), 3.50 (m,
20 1H), 3.22 (m, 1H), 3.06 (m, 1H), 2.78 (m, 1H), 2.26 (m,
4H), 1.95 (m, 1H), 1.84-1.34 (m, 6H), 1.22 (m, 1H) ppm.

MS m/z 440.5 (M+1).



et hyl pi peri di n-2-yl) - net hanone di hydrochl ori de (Conpound 69). 25
((S)-1-Ethyl-piperidin-2-yl)-piperazin-I-yl- methanone di hydrochl ori de
(200ng (Wor@/sssal , 1 WO 01/58891 PCT/ US01/ 04210 -67 equincaleswp421439 ngy
(0.70 mol, 1.0 equivalent) 3,4- dichlorobenzyl chloride, and 340 ng (2.5
mol , 3 equival ents) potassium carbonate were suspended in 10 nL
acetonitrile and stirred at 60C for 5 hédrs. The 5 reaction was filtered
through Celite and evaporated in vacuo to afford an oil that was dissol ved
in DCM washed w th saturated sodi um bi carbonate, and brine. The conbi ned
organi ¢ phases were washed with wat &2amMHén 44ri ne. The washed organic
phase was then dried over 1P sodiumsulfate, filtered, and evaporated. The
resulting crude residue wag purified via flash chromat ography using a
gradient fromDCMto 6% {n DCM The product was then dissolved in

Et 20 and HC / Et 20 was adde

| yophilized to of conmpound 69 as the di hydrochloride
salt. 1H NWR ( ; ‘ 6.3 (t, 3H ; 1.6 (t, 1H ; 1.8 (m 2H);
2.0 (dd, 2H); Q. ; 2H); 3.2 (m 1H); 3.5 (bs, 4.5 H); 3.8
(d, 1H); 3.9 (b ; (s,F2H); 4.5 (d, 1H; 7.5 (d, 1H); 7.70 (d
1H); 7.75 (s, AH) ppm M5 mz 386 (Mtl). Exanple 48 O ((29)
-1-Ethy|piperqdin-2-yl) - [4- (3-phenylpropyl) 25
pi per azi n-1- - met hanone di hydrochl ori de (Conpound 70).
{4-[Bis- (4-fluorophenyl)methyl] -piperazin-1-
yl}-[(28)-1-(3-methyl-but-2-enyl) -piperidin-2-y1]-
5 methanone (Compound 65).
Compound 65 was prepared from {4-[Bis- (4-
fluoro-phenyl) -methyl] -piperazin-1-yl}- (28) -piperidin-2-
yl-methanone and 3-methyl-2-butenyl bromide as described

for Compound 21 in Example 9 to afford 290mg (51%) as the
10 dihydrochloride salt. *H NMR (CDCl,;, 500 MHz) & 7.50 (m,

4H), 7.13 (m, 4H), 5.38 (m, 1H), 4.34 (s, 1H), 3.88-3.60

(m, 3H), 3.54-2.98 (m, 3H), 2.46 (m, 4H), 1.95-1.00 (m,

9H), 1.85 (s, 3H), 1.70 (s, 3H) ppm. MS m/z 468.5

(M+1) .

15 Example 45

[4- [Bis- (4-fluorophenyl)methyl] -piperazin-1-yl]l-((2S)-1-
(2-methylpropyl) -piperidin-2-yl) -methanone (Compound 66) .

Compound 66 was prepared similarly to Compound



Conpound 70 was prepared as described in Exanple 47 enpl oying

( 3- brono- propyl ) -benzene instead of 3, 4-dichloro-benzyl chloride to yield
102 ng (¥0A1/;a91t he di hydrochl oride salt. 1H NVR ( CDCLl3,pCA0¥iHA)21051. 3 (t,
WO 01/58891 PCT/US01/04210 -68 3H) ; 1.6 (t, 1H); 1.8 (m 2H ; 2.0 (dd,
2H) ; 2.1 (m 3H 2.7 (t, 2H); 2.8-3.3 (m 8H); 3.7 (m 4H); 4.2 (bs, 1H);
4.4 (d, 1H); 4.6 (bs, 1H); .7.3 (m 3H65+4 (m 2H. MS nmz 417 (M+l). 5
Example 49 O O-/ (4- Benzo[l 3]dioxo| 5-yl et hyl pi perazin-1-yl)
((2S)-1-ethyl pi peri din-2- yI anone dlhydrochlorlde (Cbnpound 71). 10

Conpound 71 4dasErdpdeed )a blRf § n(4 iRy & RFewil gy gy L] -

5-chl or onet i t h hl ori de
to yield 19?5%&%%%’[/@11 3']105 dIF?)c aﬁglr?ﬁcfeeééé‘l‘&{é: Wco%l%g 500MHz)
8 1.4 (t 3mmolj) Brd 1 ]dﬂi)qmol 29—n(e1qhy2|-ﬂ)rog%rﬂe(dtﬁ4 24, NLR2.@ngH) dbl); 3.1
(m 2. 3 o SH) 113,243 (m
1.5H): 4 4 (a%fsof%n”} J ‘rﬁg Hﬁle%éi()l %??f?o%%ogrﬁ ' SHNMR 31 ppm
MS niz 60 (Mt} 5 aRgk 0,20 _9Y _
[ 4- (4-Ch orébenzyr)gg?gg$22|§ i 3? 7C%%S 4%-m’ttZyI()plperl(filﬁHZmyI) #8t hanone
di hydr ochl oi.¢® ,( Cempoursd 50-3.25 4H m, 3.20-2.75, 2H m, 2.42-2.25,

3H m, 2.25-1.70, 3H m, 1.62-1.40, 6H m, 1.38-1.00, 7H m

ppm. MS: m/z 456.5 (M+1).

Example 46

10 Preparation of A Key Intermediate
for the Compounds Synthesized By Scheme 5

The compounds described in Examples 46-59 were

prepared by Scheme 5.
Step A:
N

NJ\O
O /}\
L S oo

4-((28)-l—Ethylpiperidine-Z-carbonyl)-piperazine—l-
carboxylic acid tert-butyl ester (Compound 67).
(28) -1-Ethyl-piperidine-2-carboxylic acid
(2.54g, 16.24 mmeol) was taken into 20 ml of
20 dichloromethane and 10.4 ml (30 mmol) of
diisopropylethylamine. Pivaloyl chloride (2 ml, 16.24
mmol) was added to the solution dropwise. After stirring
at room temperature for 1 hour, a solution of piperazine-
l-carboxylic acid tert-butyl ester (2.76g, 14.6 mmol) was
25 added dropwise and the reaction was stirred overnight.
The reaction was washed with 1N sodium hydroxide, water,
and brine. The organic layer was dried over anhydrous

sodium sulfate, filtered and evaporated in vacuo to



72) . Conpound 72 was prepared as described in 25 Exanple 47 enpl oyi ng
4-chl oro-benzyl -brom de instead of 3, 4-dichloro-benzyl chloride to yield
44 g (199doi1zssdithe di hydrochl oride salt. 1H NVR (CDC13, PeQooddzps218 1.3 (t,

WO 01/58891 PCT/US01/04210 -69 3H) ; 1.6 (t, 1H) ; 1.8 (m 2H) ; 2.0 (dd,
2H) ; 2.2 (dd, 2H) ; 3.1 (m 2H) ; 3.2 (m 1H); 3.5 (bs, 4.5 H; 3.8 (d,
1H); 3.9 (bs, 3.5H); 4.4 (s, 2H) ; 4.5{(&k-1H); 7.4 (d, 2H); 7.5 (d, 2H

ppm Ms mz 423 (M+l). 5 Exanple 51 foy or---- 01/ O
((2S)-1-Ethyl pi peridin-2-yl)-(4-thi ophen-2-
yl net hyl pi p&fRsi 1a>bf€)llr@f r%lrﬂow@ﬁwfwﬁﬁt%cwmﬁmd pxcobdreind 73). 10

Conmpound 73 :v}?_sc tecEﬁ.f S rig £yi ng
2-chl oronet h rr%[op ar?éeiwlan(séfjlg%g og%%'n% W déér?gtyl chl ori de.
2- chl or onet @Mchhmﬁmnm Fepetdthms] descatbexd i 4. Ig JaduszoBt al ., J.

Med. Chem, 41, pp, 3515-3529 (1998). This groce yi el ded 93 15 (50°/c)
of compound SPRPOMPANNH ( CDE1 FMR5(E : 580 MHgy o 418 (m, 511}, 1583; 1.6

2 8 (dd, 0 9 2 AH) .. 3.4-3.7
E?n 45)') 3 4“? H%H) 3. 6244.%‘"(&19’1' '5216.%'(%‘,(%?9}”7).'0%%? Yﬁ);kg}?)a (dd.
1H); 7.5 (d?, 6]8—|)(np,pmH NG 224 3w, (Jl\Hirl) 1 281 Exanplie) 521 &0 ~0m, 2H),

((2S)-1-Ethyl pi pe d|n2yl) (4 thylp| a2|n1yl) t hanone
di hydr ochl or]1 éeép be nd 74 ' e) (rm' 1H), 1709 nFm, p

Step B.
$)

o
((28) -1-Ethylpiperidin-2-yl) -piperazin-1l-yl-methanone
dihydrochloride (Compound 68).

10

-((28) -1-Ethyl-piperidine-2-carbonyl) -
piperazine-1l-carboxylic acid tert-butyl ester (3.1lg, 9.5
15 mmol) was dissolved in 50 mL EtOAc and treated with HC1
(g). After stirring for 1 hour, the resulting
precipitate was filtered, washed with EtOAc, and dried in
vacuo yielding 1.19g (55%) of compound 68. MS: m/z (M+l)
299.

20 Example 47

~ s

Cl

0

[4-(3,4-Dichlorobenzyl) -piperazin-1-yl]-((28)-1-
ethylpiperidin-2-yl) -methanone dihydrochloride (Compound
69) .

25 ((8)-1-Ethyl-piperidin-2-yl) -piperazin-1-yl-
methanone dihydrochloride (200mg (0.70 mmol, 1



Conpound 74 was prepared as described in 25 Exanpl e 47 enpl oyi ng phenet hyl
brom de instead of 3,4 WD 01/58891 PCT/ US01/ 04210 -70 dichl orobenzyl

chl ori dewooyssedid 158 ng (50% . 1H NVR (DMSO-d6) 8 12. 2 pdwussj/oddh, 9.7
(br s, 1H), 7.51 (m 2H), 7.41 (m 3H), 4.95 (m O0.5H), 4.76 (m O0.5H),
4.61 (m 1H), 4.32 (m 1H), 4.22 (m 2H), 3.8 (m 1H), 3.80 5 (m 1H),
3.70 (m 1H), 3.47 (m 3H), 3.31-2.98 (M76H), 2.22 (m 1H), 1.93 (m 3H),
1.72 (m 2H), 1.38 (t, 3H ppm Ms mz 330.5 (Mtl). Exanple 53 10

2S) - 1- Et hyl pi peri di n-2-yl)-[ 4- (4- net hoxybenzyl ) -
f)i(pez azin- 1-e3ﬂlilvr?é{€}¥§r?0ne13(%d‘i‘ﬁ)o WWBUWO%OMW%V@%HEX epet ed gs f
described iny. e LNng. 4- z i i nstead o
325 d ohl or ChStoe T o Gent oy o LAY EEOM . SRR (Cocas, “s00
355 (m 10 341 o 20 306 (m. 21D 2B (T U2 33, 4k 514 (1

.5 m . (S, .06, (m o m , . m . m
1H), 1.9-1. Zf‘c(erﬁoné}%f,ﬂﬁ%cf srﬁléj%c? %‘?é@? Fn1f£°§H)5 Si?h‘.rswvs 346. 4 (MF1).
20 Exampbe S4addio¥dwarAffil®@ered through Celite and evaporated in

((2S)-1-Ethyl pi peridin-2-yl)-[4-(4-fluorobenzyl)- piperazin-1-yl] nethanone
( Conpound 7&RcYCorsodd orBl \aas Prlepgdradd wes dhistrabeatl | wn ZCNEx anptleedl 7 usi ng

4-T1uorobenzyle Pram 48 st (i sk MR SL88}Hy A0/ H210 - 71
combined organic phases were washed with water, then
brine. The washed organic phase was then dried over

10 sodium sulfate, filtered, and evaporated. The resulting
crude residue was purified via flash chromatography using
a gradient from DCM to 6% MeOH in DCM. The product was
then dissolved in Et,0 and HCl/Et,0 was added drop-wise
until no more precipitate formed. The precipitate was

15 removed by filtration and the filtrate was lyophilized to
yield 35 mg (11%) of compound 69 as the dihydrbchloride
salt. 'H NMR (CDCls;, 500MHz): 81.3 (t, 3H); 1.6 (t, 1H);
1.8 (m, 2H); 2.0 (dd, 2H); 2.2 (dd, 2H); 3.1 (m, 2H); 3.2
(m, 1H); 3.5 (bs, 4.5 H); 3.8 (d, 1H); 3.9 (bs, 3.5H);

20 4.4 (s, 2H); 4.5 (d, 1H); 7.5 (4, 1H); 7.70 (4, 1H); 7.75
(s, 1H) ppm. MS m/z 386 (M+1).

SDTOMG

((28) -1-Ethylpiperidin-2-yl) - [4- (3-phenylpropyl) -
25 piperazin-1-yl] -methanone dihydrochloride (Compound 70).

Example 48

Compound 70 was prepared as described in
Example 47 employing (3-bromo-propyl)-benzene instead of

3,4-dichloro-benzyl chloride to yield 102 mg (37%) as the

dihydrochloride salt. 'H NMR (CDCl;, 500MHz): 81.3 (t,



di chl oro-benzyl chloride to yield 134 ng (490). 1H NVR (CDC13, 500 MHz) S
7.2 (m 2H) , 6.96 (m 2H , 3.92 (m 1H), 3.73 (m 1H), 3.59 (m 1H),
3.53 (mwoH1/58®141 (s, 2H), 3.05 (m 2H), 2.58 (m 1H), PC12&0i/3¥21d4H), 2. 15

(m 5 1H), 1.82 (m 1H), 1.75-1.38 (m 5H), 1.22 (m 1H), 0.95

(m 3H

ppm M5 mz 334.4 (Mtl). Exanple 55 )YO -~ F O [4- (3, 4-Difluorobenzyl)
-pi perazin-1-yl] - ((2S) -1- 10 ethyl pii di n-2-yl) - net hanone ( Conpound

77). Conpound 77 was prepared as descri bed i n Exanpl e 47 using

3,4-difl uorobeinzyl brom de |nstead of 4- di chI oro benzyl chI oride to
yield 185 ngH 6 14 NV (:[30183 “5002%) @ 7(38 (7)) 11 7(me 3 7 1H),
7.10

(MF1) .
[4-((2S)-1-

15 4.06 . 8 1 7 6 1
3.52 (s, (ZTDZ,H;)fg (2% (2%8]_’;) “8 s(|_1§51 :ﬁh §“ 54}()m 4% %% 61H)(m 1H)

(m 1H), 1.8:8-41 @5 (1) ,5+4) .6 @_osau(ml 114)3 (]m,083}()m BH) rxpmzmrs ndl\z8352 5

Exa

hyI pi perﬂ%&c)f €- 2-carbonyl ) - pi perazin-1-yl]- phenyl nethanone

(Conpound 78). ((2S)-1-Ethyl-piperidin-2-yl)-piperazin-1-yl methanone
di hydrocgl oride (221ng, 0.74 mml) wWB&mAR syspended in Snl anhydrous DCM

N, N WO 01/58891 PCT/USO1/ 04210 -72~diisopropylethylam ne (0.45mn,

was added t gt

o o/

2. 6nmmol )

(4-Benzo[1l,3]dioxol-5-ylmethylpiperazin-1-yl) -
((28) -1-ethylpiperidin-2-yl) -methanone dihydrochloride

(Compound 71).

10 Compound 71 was prepared as described in

Example 47 employing 5-chloromethyl-benzo[1l,3]dioxole

instead of 3,4-dichloro-benzyl chloride to yield 196 mg

(68%) as the dihydrochloride salt. 'H NMR (CDCl;, 500MHz) :

d 1.4 (t, 3H); 1.7 (t, 1H); 1.9 (m, 2H); 2.1 (dd, 2H);

15 2.3 (d, 1H); 3.1 (m, 2.5 H); 3.3 (m, 1.5H); 3.3-3.8 (m,

4H); 3.85 (d, 1.5H); 3.9-4.3 (m, 1.5H); 4.4 (s, 2H);
(m, 2H); 6.1-6.3 (3 s, 2H); 7.0-7.3 (m, 3H) ppm. MS
360 (M+1).

Example 50

[4- (4-Chlorobenzyl) -piperazin-1-yl]-((28)-1-

20

4.6

m/z

ethylpiperidin-2-yl) -methanone dihydrochloride (Compound

72) .

Compound 72 was prepared as described in

25 Example 47 employing 4-chloro-benzyl-bromide instead of

3,4-dichloro-benzyl chloride to yield 44 mg (16%) as

the

dihydrochloride salt. H NMR (CDCl,, 500MHz): & 1.3 (t,



solution followed by the dropw se addition of benzoyl chloride (0.095n,
0.81 mmol ). After stirring at room tenperature for 16 hours, the reaction
was di | uwedowvassdt 5 5nl of di chl or omet hane and washed w t lPcIarsonaiad sodi um
bi carbonate, water, and brine. The organic |layer was dried over anhydrous
sodiumsulfate, filtered, and evaporated in vacuo. The crude residue was
purified by flash chromatography (Si02)6%Using a gradient from 100% 10

di chl oronet hane to 6% met hanol in dichl oronet hane to afford 110mg (45% of
t he conpound 78. 1H NWR (CDClB 500MHz): 81.0 éﬂ 1.1-1.9 (m 7H);
2.1 (bs, H)3H)2r?16(b‘st ) 3¢ (by, 2H): 3.92- cb(é%ﬁ 7H) ;2 4(dd(bs, 1H);

7.4 (m 5H) (Ml

((2S)-1-Et hy |per| d| n- 2321&) [MZ%4 U(L)%()obenzoyig p1 p5er%)2| n-1- yf(]-1

met hanone hyldf) o;ckﬂ oF i des,( Gorfiund: 749)(,5, Cpounds 7@ waH oy epat et as

descri bed i (qjsrrpddg 56 u5| ng 4-f1 ourobenzoyl chI oride instead of
benzoyl chl de t | ¢4 (53’% Lz 14t rlochl oride salt. 1H NWVR
(CDC13, 500MHz): 812(t, 3H); 1.5 (m 1H); 1.65 (broad t, 2H); 1.85 (m

2 2.1 1H) ; 2.9 2H) ; 3. . 3.5 4H) ; 3.7 25
5t|)|) 435(§nm1H)|_|) 71(t(m FD?.4(E#1§{§}-0€1%]6 ppm ﬁ/g] n1H)z 348(|\/§+T) WO

2H)
01/ 58891 PCT, 1/ﬂfiff/\ﬁif>Exanple 58 qr~r-1 kJ O
/

((28) -1-Ethylpiperidin-2-yl) - (4-thiophen-2-
ylmethylpiperazin-1-yl) -methanone dihydrochloride
(Compound 73).

10 Compound 73 was prepared as desgcribed in
Example 47 employing 2—chloromethy1—thiophene instead of
3,4-dichloro-benzyl chloride. 2-chloromethyl-thiophene
was prepared as described in J. Janusz et al., J. Med.
Chem., 41, pp. 3515-3529 (1998). This process yielded 93

15 mg (50%) of compound 73. 'H NMR (CDCl;, 500MHz): 81.2 (t,
3H); 1.5 (t, 1H); 1.6 (g, 2H);1.8 (dd, 2H); 2.0 (4, 1H);
2.9 (m, 2H), 3.1 (bs, 4H); 3.4-3.7 (m, 4H); 4.1 (bs, 1H),
4.3 (d, 1H) 4.5 (s, 4H); 7.0 (44, 1H); 7.2 (4d, 1H); 7.5
(d, 1H) ppm. MS m/z 317 (M+1).

20 Example 52

O

((28) -1-Ethylpiperidin-2-yl) - (4-phenethylpiperazin-1-yl) -
methanone dihydrochloride (Compound 74).

Compound 74 was prepared as described in

25 Example 47 employing phenethyl bromide instead of 3,4-



(4- Benzenesul fonyl pi perazin-1-yl)-((2S)-1-ethyl pi peridin- 2-yl)-nmethanone
hydr ochl ori de (Conpound 80). 5 Conpound 80 was prepared as described in
Exanpl e 9® ugksm benzenesul fonyl chloride instead of 4- fHCwSsbesaoyl
chloride to yield 117 ng (45% as the HC1 salt. 1H NWR (CDC1l3, 500MHz) : 8
0.85 (t, 3H ; 1.1-1.2 (m 1.5H); 1.4-1.55 (m 2.5H); 1.6 (d, 1H); 1.7 (d,
1H); 1.8 10 (t, 1H); 2.0 (m 1H); 2.4 (@#0-1H); 2.9 (bs, 2H); 3.0 (d, 4H);
3.5-3.8 (broad dd, 2H); 3.9 (bs, 1H); 4.1 (bs, 1H); 7.5 (t, 2H); 7.6 (t,
1H; 7.7 (d, 2H) ppm M mz 366 (M-l). Exanple 59 %0 15 O((ZS)

- 1- Et hyl pi p@f:qth@rplgﬁr}zyl [hlquide to yield 158 mg (50%). "

fl uorobenzen f onyl in-1- met hangne h chI orid (Corrpound
81). Corrpoun \f£6é égﬁgﬁegégs dexsq‘(# Jibed 4 |n&2ro SEXéT#}Ve 56 ]us{e
4-f | our obenzgnesul fonylny cty}gg de ddsteady . ) 4-4 1 par gper@oyﬂ[ ch ogi de to

yield 181 ny (67°/c) as the HC1 salt. 1H NWR (CDC13 500MHz) 81.0 (t, 3H)
: 1 2-1.5 (m, ﬁ@Z(de,llq;H>,147—2128rr(,m2P2)H) 386 (m J&H) 32%@3 (m

29@(%2%434% M s L (0 D 7225 44 Mg T (m

2H) ppm~ M5 M’ drrpounds Yescr'i bed i '64 wer e
WO 01/ 58891 2PCH usqumzm 937 4 npr e, edL UR1 NEn t rm{)s,yntin.e;ta c Spftﬁms
depicted in Schene 6. npl e 60 nI~ I

1- Benzhydr yPPR-( ( 2§ ”Yzet r'?floplf’peW”Ldll m- 2- yI met hyl ) -

Example 53
SAOY

10 ((28) -1-Ethylpiperidin-2-yl) - [4- (4-methoxybenzyl) -
piperazin-1-yl] -methanone (Compound 75).

0]

Compound 75 was prepared as described in

Example 47 employing 4-methoxybenzyl chloride instead of

3,4-dichlorobenzyl chloride to yield 133 mg (47%). 'H NMR
15 (CDCl;, 500 MHz) & 7.16 (d, 2H), 6.8 (d, 2H), 3.91 (m,

1H), 3.76 (s, 3H), 3.58 (m, 1H), 3.53 (m, 1H), 3.41 (s,

2H), 3.06 (m, 2H), 2.58 (m, 1H), 2.33 (m, 4H), 2.14 (m,

1H), 1.9-1.4 (m, 6H), 11.2 ( m, 2H), 0.98 (m, 3H) ppm.

MS m/z 346.4 (M+1).

20 Example 54

SASE

o

((28) -1-Ethylpiperidin-2-yl)-[4- (4-fluorobenzyl) -
piperazin-1-yl] methanone (Compound 76).

Compound 76 was prepared ag described in

25 Example 47 using 4-fluorobenzyl bromide instead of 3,4-



pi perazi ne (Conpound 100). 10m (10mmol) of 1M Borane-tetrahydrofuran

conpl ex was added to a solution of 150 ng (0.36 mol) of

1-[4- (1, waDymsgnyl net hyl ) pi perazin-1-yl]-1-((S)-i 10 PCT/US01/04210

et hyl pi peri di n-2-yl ) met hanone (Conpound 1) in 10m of anhydrous THE at
roomtenperature. The reaction was stirred for 4 days then quenched with
the dropwi se addition of nethanol. The Hi-xture was evaporated in vacuo to
give a clear viscous oil. The crude product was 15 dissolved in 10 m of 1N

HC1 and ini of acetone was added and the solution stirred for 30 mns. The
m xt ure was SigAdigrasPSfaR Hinmidsl todiiet di kb Bhat4e® Bhd t]lﬂerNMPext racted

th dichl 2x).. . The th b ,
\(/jm“ ed LSerorn y&ﬁoﬂg é ﬁ?é&ig gn?énegH? %esgdﬁgndzgvapé §ge %o a;:‘g(rad a
clear oil tirgt, waszpurd fied bys fdqashy cmr;gnatpgggapm(si}@a 36e44tiHng with

100: 5 di chl or onet hane/ net hanol to afford 72 ng of the title conpound. 1H
NVR (CDC13, 2500 WHAS gy, 2H)(:m2 -A49 , (. 181)(im2 49 , (5 4H)11 TS 2M, 4. 10

(13291(H)m iH)ll% g 8(2mn(1“§m s 518 %soﬁr?’iagn{“i\mo%ﬂ e 240w Mg d 8™ S

PCT/ US01/ 04210 3H7}5plfmarrpI1vE; Gril/z 334.4 (M+1).

4-Benzyl -1-((2S)-1-ethyl pi peridin-2-yl nethyl)-piperidine (Conpound 101). 5
Compound 101 was prepared by the reductlon of conpound 26 as described in
Exanpl e 60to yield 141 ng. 1H NI\/R 5500 MHz) S 7.45 (m 2H), 7.36

(m 3H), gj:(w 3.88-3.68 (m 2H), 3.64 (m

[4-(3,4-Difluorobenzyl) -piperazin-1-y1]-((28)-1-
10 ethylpiperidin-2-yl) -methanone (Compound 77).
Compound 77 was prepared as described in
Example 47 using 3,4-difluorobenzyl bromide instead of
3,4-dichloro-benzyl chloride to yield 185 mg (65%).
'H NMR (CDCl;, 500 MHz) & 7.28 (m, 1H), 7.18 (m, 1H), 7.10
15 (m, 1H), 4.06 (m, 1H), 3.88 (m, 1H), 3.75 (m, 1H), 3.66
(m, 1H), 3.52 (s, 2H), 3.18 (m, 2H), 2.72 (m,1H), 2.45
(m, 4H), 2.25 (m, 1H), 1.94 (m, 1H), 1.88-1.55 (m, 5H),
1.34 (m, 1H), 1.08 (m, 3H) ppm. MS m/z 352.5 (M+l).

Example 56

(o)
20

[4-((28) -1-Ethylpiperidine-2-carbonyl) -piperazin-1-yl] -
phenyl methanone (Compound 78).
((28) -1-Ethyl-piperidin-2-yl) -piperazin-1-yl-
methanone dihydrochloride (221mg, 0.74 mmol) was
25 suspended in 5mL anhydrous DCM. N,N-



1H), 3.53-3.22 (m 2H), 3.10 (m 2H), 2.64 (m 3H), 2.44 10 (m O0.5H), 2.22
(m 0.5H), 2.07-1.61 (m 9H),1.43 (t, 3H ppm MS mz (Mt ) 301.5 Exanple
62 0 aFwbhoijB8|- (4-f luorophenyl)nmethyl] -4- ((2S) -1-adwyupipetddi n- 15
2-yl met hyl ) - pi perazi ne. (Conmpound 102). Conpound 102 was prepared by the
reduction of Conpound 25 as described in Exanple 60 to yield 369 ng. 1H
NVR (CD3CD, 500 MHz) S 7.72 (m 4H), 7.-72(m 4H), 5.48 (d, 1H), 3.63 (br
s,05H) 343(m1H) 334(m15|—|) 20 3. 22- 75(m11H) 2.62 (m
1.95 0.5H), 86 (m ,172158m 148(m2H) 1.25
(rn ' 3H) pp:alwpnﬁpzyl(%bmlad@@% ‘%)'51'?15882316"11‘@3/ USG%L%* oadded tgetianpl e

63 Synt hesi f ) %gagy I
(4-benzyl pi %ecﬁudtl(l(r?%ls-fyilr%{%non Corrp un 153%&%{%%%5 1genmla\}’l NO O5

(2S, 4R) - 2- ( #H3erzdepi (PerafiSme-,| -C.abomyd]))- 4- A@m&mWrmgmmerdemar boxylic
mol) i 20 ST i OForEt Hee SRR I G o Yo F OB | o e
5 5mL of dichloromethane and washed with saturated sodium
bicarbonate, water, and brine. The organic layer was
dried over anhydrous sodium sulfate, filtered, and

evaporated in vacuo. The crude residue was purified by
flash chromatography (Si0,) using a gradient from 100%
10 dichloromethane to 6% methanol in dichloromethane to

afford 110mg (45%) of the compound 78. *'H NMR (CDClj,
500MHz): 61.0 (t, 3H); 1.1-1.9 (m, 7H); 2.1 (bs, 1H); 2.7
(bs, 1H); 3.0 (bs, 2H); 3.2-3.9 (m, 7H); 4.1 (bs, 1H);
7.4 (m, 5H) ppm. MS m/z 330 (M+1).

15 Example 57

O

((28) -1-Ethylpiperidin-2-yl)-[4- (4-fluorobenzoyl) -
piperazin-1-yl] methanone hydrochloride (Compound 79).
Compound 79 was prepared as described in -

20 Example 56 using 4-flourobenzoyl chloride instead of
benzoyl chloride to yield 148mg (54%) as the
hydrochloride salt. 'H NMR (CDCl,, 500MHz): & 1.2 (t,
3H); 1.5 (m, 1H); 1.65 (broad t, 2H); 1.85 (m, 2H); 2.1
(m, 1H); 2.9 (m, 2H); 3.1 (m, 1H); 3.5 (m, 4H); 3.7 (m,

25 5H); 4.3 (m, 1H); 7.1 (t, 2H); 7.4 (m, 2H). %) ppm. MS
m/z 348 (M+1).



(3.0g, 23.9 mml) and 1-Hydroxyl benzotriazole (3.2g, 23.8 mol). After
stirring for | h, 4-benzylpiperdine (4.2g, 23.8 mmpl) was added neat. The
sol ut i onwwem/ssgdtrred for 12 hours. The reaction was di | wEadussioie180 m  of
15 di chl or onet hane and washed with 1M HCl, NaHCO3 (sat.), brine, dried
(MgS™) and concentrated. The product was purified by flash chromatography
to give 6.67g (80 % vyield) as a white foam 1H NVR (500 MHz, CDC13) S
7.45- 7.20 (m5H), 5.40 (s,l H), 4.90-4.45 (m 2H ), 4.10-3.55 20 (m 3H),
3.30-3.00 (m 1H), 2.75-2.55 (m 2H), 2.35-1.70 (m 7H), 1.60&1.50 (s,s 9H
(rotoners)), 1.40-1.10 (m 2H) ppmEN@TPLE 5889 5 (MH ). WO 01/ 58891
PCT/ USO1/ 04210 -77- Se B. 91 N NO O

P (pegl - carbonyl)-4- methoxypyrrolidine-1-carboxylic
acid tert -b 5 npound 152).
2- (4- benzyl pry ' -car yl)-4-hydroxy- pyrrolidine-I-carboxylic acid
tert-butyl estgler 4n THE (5 nL) was added dropw se to hexane-washed NaH
(113 ny, 2. nmol ) suspended in THE (5 nlL). After stirring for 0.5 h, 10

met hyl i odi d@@@&éf&s&%ﬁmaem@dﬁ%we@ 2§'Pd1t£'t‘?h 15;? ﬂéf §i §as

refluxed fory 4 R0WSnallnd qﬁg
extracted vmt%’gthyl aacetate vmth ri 6 drled (I\/gSO4) and

concent rgt ed. Fl ash

Compound 80 was prepared as described in
Example 56 using benzenesulfonyl chloride instead of 4-
flourobenzoyl chloride to yield 117 mg (45%) as the HC1
salt. 'H NMR (CDCl;, 500MHz): & 0.85 (t, 3H); 1.1-1.2 (m,
1.5H); 1.4-1.55 (m, 2.5H); 1.6 (d, 1H); 1.7 (d, 1H); 1.8

10 (t, 1H); 2.0 (m, 1H); 2.4 (m, 1H); 2.9 (bs, 2H); 3.0 (d,
4H); 3.5-3.8 (broad dd, 2H); 3.9 (bs, 1H); 4.1 (bs, 1H);
7.5 (t, 2H); 7.6 (t, 1H); 7.7 (d, 2H) ppm. MS m/z 366

(M+1) .
2ol

o]

Example 59

15
((28) -1-Ethylpiperidin-2-yl)-[4-(4-
fluorobenzenesulfonyl) -piperazin-1-yl] -methanone
hydrochloride (Compound 81).
Compound 81 was prepared as described in

20 Example 56 using 4-flourobenzenesulfonyl chloride instead
of 4-flourobenzoyl chloride to yield 181 mg (67%) as the
HCl salt. 'H NMR (CDC1l;, 500MHz): 61.0 (t, 3H); 1.2-1.5
(m, 3H); 1.6 (d, 1H); 1.7-1.8 (m, 2H); 2.7 (m, 2H); 2.85
(m, 3H); 2.95 (m, 2H); 3.4-3.6 (m, 5H); 4.1 (m, 1H); 7.2

25 (¢, 2H); 7.7 (m, 2H) ppm. MS m/z 384 (M+1).

The compounds described in Examples 60-64 were



chromat ography afforded 720 ng (70% yield) of a anmber 15 oil. 1H NWMR (500
MHz, CDC13) S 7.20-6.90 (m 5H), 4.90- 4.45 (m 2H), 4.15-3.50 (m 3H),

3. 35&3. 3wa @/88913H (rotoners)), 3.20-2.90 (m 1H), 2.60-ECTHR0(N¥212H),
2.30- 1.65 (m 6H), 1.60&1.50 (s,s 9H (rotoners)), 1.40-1.10 (m 2H) ppm
M5: nmlz 403.5 (Mtl). 20 Step C N NO

((2S, 4R) - 1- Benzyl - 4- met hoxypyrrol i di n- 2-A#-) - (4-

benzyl pi perdi n-1-yl ) - met hanone (Conpound 153). WO 01/58891 PCT/ US01/ 04210
-78 2-(4-benzyl pi perdi ne-|-carbonyl)-4-met hoxy- pyrrolidine-I|-carboxylic
acid tert - @&y arges S ohRy SYHERRS i ohaies d9RET RN Wit S HEINg))6 i n
ethyl acetate. After 1 hour the solution was evaporated and used w thout 5
further purification. Al kylation was perforned as described above from
(4-Benzyl -pi peridin-1-yl)-(4- nmethoBEgapwleoléiodi n-2-yl ) - met hanone and Benzyl
brom de (459 ny, 2.68 pl) to afford 400ng after flash chromat ography.
The final conpound 153 g@a onverted to 10 a citrate salt (592 ngy, 57 %
yield) . '"HNWR (500 MHz (DC13) 8 7.20-6.90 (m 10H), 4.50-4.40 (d, 2H
4.90-3.10 (m 5H), 3.05Ys, 3H), 2.70-2.60 (m 1H), 2.00-1.80 (m 1H),

1.60-1.35 ( H), 1,3Q-1 m 2H) ppm MS: mlz 393.5 (Mrl). 15 Exanple
64 Synt hesi § of [(2@)4

zyl - 5-
(4-benzyl pi rbo -pyrrolidin-3-yloxyl]-

5 1-Benzhydryl-4-((28)-l-ethylpiperidin-2-ylmethyl) -
pPiperazine (Compound 100).
10ml (10mmol) of 1M Borane-tetrahydrofuran
complex was added to a solution of 150 mg (0.36 mmol) of
1-[4-(1,1-Diphenylmethyl)piperazin-1-y1]-1-((S)-1-

10 ethylpiperidin-2-yl)methanone (Compound 1) in 10ml of
anhydrous THF at room temperature. The reaction was
stirred for 4 days then quenched with the dropwise
addition of methanol. The mixture was evaporated in
vacuo to give a clear viscous o0il. The crude product was

15 dissolved in 10 ml of 1N HCl and 1ml of acetone was added
and the solution stirred for 30 mins. The mixture was
basified with saturated sodium bicarbonate and then
extracted with dichloromethane:(2x). The combined
extracts were washed with brine, dried over anhydrous

20 sodium sulfate, filtered and evaporated to afford a clear
oil that was purified by flash chromatography (Si0,)
eluting with 100:5 dichloromethane/methanol to afford 72
mg of the title compound.

'H NMR (CDC1l;, 500 MHz) & 7.31 (m, 4H), 7.18 (m, 4H),

25 7.11 (m, 2H), 4.10 (s, 1H), 3.15-2.60 (m, 5H), 2.58-2.08
(m, 10H), 1.8 (m, 2H), 1.72 (m, 3H), 1.29 (m, 1H), 1.13
(m, 3H) ppm. MS: m/z (M+1) 378.5



acetic acid nethyl ester (Conpound 155). Step A O r~\" N N1~ ~O 20

(2S, 4R)-2-(4-benzyl pi perdi ne-I|-carbonyl)-4-
met hoxy cedoarsgéaret hoxypyrrol i di ne-1-carboxylic acid tert-pdnuasol/oedter
(Conpound 154). This was prepared via the procedure reported 25 for

Exanple 63 (Step B) where the reaction of Conpound 151 (1.0 g, 2.57 muol)
brono acetate (488 ng, WO 01/88891 PCT/US01/ 04210 -79 5.14
1H NVR (500 MHz,

and net hyl

nmol ) afforded 581 ng (49% vyield) of the desired product.

CDC13) 8 7.40-7.30 (m 5H), 4.95-4.65 (m 2H), 4.45-3.65 (m 8H),

3.20-2.95 (m 2H), 2.70-2.20 (m 5Hxamplen.6L 70 (m 3H), 1.60-1.45 (s,s, 5
9H(r ot oners)) 5 ppm Ms: mz 461.5 (Mtl). Step B. O N N
O [(2S, 4R pi peri di ne-I|-carbonyl)- 10

pyrrolidin- nmet hyl ester (Conmpound 155).

10

15

20

4-Benzyl-1-((2S)-1l-ethylpiperidin-2-ylmethyl) -piperidine
(Compound 101).
Compound 101 was prepared by the reduction of

compound 26 as described in Example 60 to yield 141 mg.
'H NMR (DMSO-d6, 500 MHz) 06 7.45 (m, 2H), 7.36 (m, 3H),
4.23 (m, 3H), 3.99 (m, 1H), 3.88-3.68 (m, 2H), 3.64 (m,
1H), 3.53-3.22 (m, 2H), 3.10 (m, 2H), 2.64 (m, 3H), 2.44
(m, 0.5H), 2.22 (m, 0.5H), 2.07-1.61 (m, 9H),1.43 (t, 3H)
ppm. MS m/z (M+1) 301.5

Example 62

1-[Bis-(4-fluorophenyl)methyl] -4-((28) -1-ethylpiperidin-
2-ylmethyl) -piperazine. (Compound 102).

Compound 102 was prepared by the reduction of
Compound 25 as described in Example 60 to yield 369 mg.
'H NMR (CD;OD, 500 MHz) & 7.72 (m, 4H), 7.12 (m, 4H), 5.48
(d, 1H), 3.63 (br s, 0.5H), 3.43 (m, 1H), 3.34 (m, 1.5H),
3.22-2.75 (m, 11H), 2.62 (m, 1H), 1.95 (m, 0.5H), 1.86
(m, 0.5H), 1.72-1.58 (m, 3H), 1.48 (m, 2H), 1.25 (m, 3H)
ppm. MS: m/z (M+1) 414.6



Compound 155 was prepared as described in Exanple 63, Step C from

2- (4-benzyl

- pi perdi ne-1- carbonyl) - 4-net hoxy- car bonyl nmet hoxy-pyrroline-I 15

car boxyl wo @¢ssgbit ert - butyl ester (581 ng, 1.26 nmol) and p@Bewvsoylo4zio om de

(324 ng, 1.89 mmol ) to afford 270 ng (48 vyield ) after flash
chromat ography. 1H NMR (500 MHz, CDC13) 6 7.40-6.95 (m 10H), 4.50-4.40
(m 1H), 4.10-3.65 (m 5H), 3.70-3.20«"-5H), 2.71-2.62 (m 1H),

2.40-2.35 20 (m 3H), 2.20-1.90 (m 2H), 1.60-1.40 (m 4H), 1.20-1.00
3H) ppm MS: mz 451.5 (Mtl). Exanple 65 Conbi natorial Synthesis of

Compounds Vi a Schene 7 Cbnpounds off

methanon

(m

ntion were also made via 25

PCT/ U801/ 04216 0 B S‘%E i e “gtﬁﬁ%ﬁﬁgﬁf’d%‘éﬁmﬁ?% an nes

(300 nole) was a

cycl ohexanecar bodi i m de- N - propyloxynethyl polystyrene resin (300 nol) as
ﬁble 12. The 5 resulting Boc-protected am no am des were

descri bed i

treated with a saturated sol upiQ
shaking for @ghours, @v
products as hy en €hl oli de \sa

met hanol
K2CO3 (excess) ded in CH3CN (5 nL). The reactions were treated with
t he appropriate |al kyh halide (300 nol) and the reaction bl ock was shaken

for 24 hours

hal i de.

(1 1

d evaporation afforded" the pure

Filtrdtion and evaporation gave the crude

5

10

15

20

(28,4R) -2- (4-benzylpiperdine-1-carbonyl) -4-
hydroxypyrrolidine-1l-carboxylic acid tert -butyl ester
(Compound 151).

To Boc-4-hydroxyproline (5.0g, 21.6 mmol) in 20
mL of dichloromethane was added diisopropyl carbodiimide
(3.0g, 23.9 mmol) and 1l-Hydroxylbenzotriazole (3.2g, 23.8
mmol). After stirring for 1lh, 4-benzylpiperdine (4.2g,
23.8 mmol) was added neat. The solution was stirred for
12 hours. The reaction was diluted with 50 ml of
dichloromethane and washed with 1M HCl, NaHCO; (sat.),
brine, dried (MgSO,;) and concentrated. The product was
purified by flash chromatography to give 6.67g (80 %
yield) as a white foam. 'H NMR (500 MHz, CDCl;) & 7.45-
7.20 (m,5H), 5.40 (s,1 H), 4.90-4.45 (m, 2H ), 4.10-3.55
(m, 3H), 3.30-3.00 (m, 1H), 2.75-2.55 (m, 2H), 2.35-1.70
(m, 7H), 1.60&1.50 (s,s 9H (rotomers)), 1.40-1.10 (m, 2H)
ppm. MS: m/z 389.5 (M+1).

of HCL in ethyl acetate (5 nlL). After

s. The above products were taken up in
) amg ansferred to the reaction block wells containing

ient tenperature or at 50C, depending upon the 15 al kyl



conpounds.

Purification was perfornmed using reverse phase HPLC

(H20/ CH3CN 0. 1% TFA) to afford the desired products as determ ned by
LC M5, Tl @/s88”ets forth conmpounds that were prepared 2@Twysotkizmonet hod
or via Schenme 3 (see Exanple.1l) and their nmass spectronetry val ues.

2. Conpounds prepared by Schene 3 (N nethyl

or N-benzyl
333.51 201

derivatives). # Structure M# Structure M5 (nlz) (mz)
F 411.56 N'NO~JN NN F 0 WO 01/58891 PCT/ US01/ 04210

Tabl e

derivatives) Schenme 7 (N-ethyl

200 S
-81 #

Structure M5 # Structure M5 (mz) (mz) 202 301.57 203 F 426.58 ON1 / \
H HN p,.NQQFH:B-N J O204 1 301.57 205 F 428.59 /N N O JN N Nv aF

10

15

20

d
0
N

jal

(28,4R) -2- (4-benzylpiperdine-1l-carbonyl) -4- ,
methoxypyrrolidine-1l-carboxylic acid tert -butyl ester
(Compound 152).

2- (4-benzylpiperdine-1-carbonyl) -4-hydroxy-
pyrrolidine-1l-carboxylic acid tert-butyl ester in THF (5
mL) was added dropwise to hexane-washed NaH (113 mg, 2.83
mmol) suspended in THF (5 mL). After stirring for 0.5 h,
methyl iodide (402 mg, 2.83 mmol) was added neat and the
solution was refluxed for 4 hours. The reaction was
poured into NaHCO; (sat.), extracted with ethyl acetate,
washed with brine, dried (MgSO,) and concentrated. Flash
chromatography afforded 720 mg (70% yield) of a amber
oil. *H NMR (500 MHz, CDCl;) & 7.20-6.90 (m, 5H), 4.90-
4.45 (m, 2H), 4.15-3.50 (m, 3H), 3.35&3.31 (s,s, 3H
(rotomers)), 3.20-2.90 (m, 1H), 2.60-2.50 (m, 2H), 2.30-
1.65 (m, 6H), 1.60&1.50 (s,s 9H (rotomers)), 1.40-1.10
(m, 2H) ppm. MS: m/z 403.5 (M+1).

Step C.
/
Qg
N
N
o)

((28,4R) -1-Benzyl-4-methoxypyrrolidin-2-yl) - (4-

benzylpiperdin-1-yl) -methanone (Compound 153).
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2- (4-benzylpiperdine-l-carbonyl) -4-methoxy-
pyrrolidine-1l-carboxylic acid tert -butyl ester (720 mg,
1.79 mmol) was treated with HCl(g) in ethyl acetate.
After 1 hour the solution was evaporated and used withéut
further purification. Alkylation was performed as
described above from (4-Benzyl-piperidin-1-yl)-(4-
methoxy-pyrrolidin-2-yl) -methanone and Benzyl bromide
(459 mg, 2.68 mmol) to afford 400mg after flash
chromatography. The final compound 153 was converted to
a citrate salt (592 mg, 57 % yield). 'HNMR (500 MHz,
CDCl;) & 7.20-6.90 (m,10H), 4.50-4.40 (d, 2H), 4.90-3.10
(m, 5H), 3.05 (s, 3H), 2.70-2.60 (m, 1H), 2.00-1.80 (m,
1H), 1.60-1.35 (m, 4H), 1.30-1.10 (m, 2H) ppm. MS: m/z
393.5 (M+1).

Example 64

Synthesis of [(2S, 4R)-1-Benzyl-5-
(4-benzylpiperidine-1l-carbonyl) -pyrrolidin-3-yloxyl]-
acetic acid methyl ester (Compound 155).

Step A.
o——-—'

Q O

.
Y

o)

(28, 4R)-2-(4-benzylpiperdine-1l-carbonyl)-4-
methoxycarbonylmethoxypyrrolidine-1l-carboxylic acid tert-
butyl ester (Compound 154).

This was prepared via the procedure reported

for Example 63 (Step B) where the reaction of Compound

151 (1.0 g, 2.57 mmol) and methyl bromo acetate (488 mg,

F
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5.14 mmol) afforded 581 mg (49% yield) of the desired

product. 'H NMR (500 MHz, CDCl;) & 7.40-7.30 (m, 5H),

8H), 3.20-2.95 (m, 2H),

3H),

4.95-4.65 (m, 2H), 4.45-3.65 (m,
1.60-1.45 (s,s,

m/z 461.5

1.90-1.70 (m,
2H)

2.70-2.20 (m, 5H),

1.45-1.15 (m, ppm. MS:

9H (rotomers) ),

(M+1) .

Step B.

O m———
o,/’<0
N
N

(0]

[(28, 4R)-1-Benzyl-5-(4-benzylpiperidine-l-carbonyl) -
pyrrolidin-3-yloxyl] -acetic acid methyl ester (Compound
155).

Compound 155 was prepared as described in
Example 63, Step C from 2-(4-benzyl-piperdine-1-
carbonyl) -4-methoxy-carbonylmethoxy-pyrroline-1-
(581 mg, 1.26 mmol) and

to afford 270 mg (48 %

carboxylic acid tert-butyl ester

Benzyl bromide (324 mg, 1.89 mmol)

yield ) after flash chromatography. 'H NMR (500 MHz,

CDCl;) & 7.40-6.95 (m, 10H), 4.50-4.40 (m, 1H), 4.10-3.65

5H), 2.71-2.62 (m, 1H), 2.40-2.35

2H),

(m, 5H), 3.70-3.20 (m,

(m, 3H), 1.20-1.00

2.20-1.90 (m, 1.60-1.40 (m, 4H),

(m, 3H) ppm. MS: m/z 451.5 (M+1).

Example 65

Combinatorial Synthesis of Compounds Via Scheme 7

Compounds of this invention were also made via

The coupling

the synthetic scheme set forth in Scheme. 7.
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of the appropriate Boc-Amino Acid (150 pumol) with amines

(300 umole) was accomplished using N-
cyclohexanecarbodiimide-N’ -propyloxymethyl polystyrene
resin (300 umol) as described in Example 12. The
resulting Bbc—protected amino amides were treated with a
saturated solution of HCl in ethyl acetate (5 mL). After
shaking fdr 3 hours, filtration and evaporation afforded
the pure products as hydrogen chloride salts.

The above products were taken up in methanol (1
mL) and transferred to the reaction block wells
containing K,CO; (excess) suspended in CH3;CN (5 mL). The
reactions were treated with the appropriate alkyl halide
(300 umol) and the reaction block was shaken for 24 hours
at ambient temperature or at 50°C, depending upon the
alkyl halide. Filtration and evaporation gave the crude
compounds. Purification was performed using reverse phase
HPLC (H,O/CH3;CN/0.1% TFA) to afford the desired products
as determined by LC/MS.

Table 2 sets forth compounds that were prepared
by this method or via Scheme 3 (see Example 11) and their

mass spectrometry values.

Table 2. Compounds prepared by Scheme 3 (N-methyl
derivatives) Scheme 7 (N-ethyl or N-benzyl derivatives).

# Structure MS # Structure MS
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Neur oprot ecti on Assay The ventral nesencephalic region was dissected 5 out
of enbryonic day 15 Sprague-Dawl ey rat -8dbryos (Harlan), dissociated into
single cell suspension by a conbination of trypsinization and trituration

(Costanti ni et al. . Neurohial Dis pp. 97-106 (1998) Dissociated_ VM

celI's werg %l ated int oSPBWER- L- or ni t hMBe- codt ed 96- wel |StUurp| at es at | MS

density of| 85,000 cells/well in 100| gly)of _ (m/2)
236 313.57 | 237 F 474.52

O/’o

238 315.60 | 239 F 488.55
th.
49
@(N\) F
o e
240 315.60 | 241 F 490.57
N N\) F
O// o)
242 315.60 | 243 F 490.57
3
I L
O/’ O
319.53 | 245 490.57

244




DMEM suppl emented with 18% heat-inacti vated horse serum 0.24% gl ucose, 2
nmvi gl utam ne and 50 u/m pernicillin/ streptonycin and incubated in a 5%
CQ2 i nculvador/sssgfter one day in culture (DV1), the nedi parwas/wep aced
with 15 100 pL of a defined nedi um (DVEM suppl enented with I x N2 cocktai
(G bco-BRL), 0.12% glucose, 2 mMglutam ne, and 50 units/n
penicillin/streptonycin) containing DMS®5er various concentrations of the
conmpounds of this invention. On DI V5, neuroexcitotoxic injury was induced
20 by the addition of various concepntrations of the glutamte receptar
agoni st NNBA (100- 400 $Weturecul t ur es| Mier e| #nclubat ed wistHctiie neur ot|oMBn f br
20 hours gnd the effects of neurophidjn gonpounds were assessed usjhg)hi gh
affinity pam ne uptake accordihg to priocedure 25 published hy Park

Hd
and Mytilir?é®y [Br ai es.m 3012488891 PCT/ US01/ 04310 - 8955%4- D7
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Example 66

Neuroprotection Assay

The ventral mesencephalic region was dissected
5 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
10 prlates at a density of 85,000”ce11s/we11 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 (DIV1), the medium was replaced with
15 100 pL of a defined medium (DMEM supplemented with 1x N2
cocktail (Gibco-BRL), 0.12% glucose, 2 mM glutamine, and
50 units/ml penicillin/streptomycin) containing DMSO or
various concentrations of the compounds of this
invention. On DIV5, neuroexcitotoxic injury was induced
20 by the addition of varioué concentrations of the
glutamate receptor agonist NMDA (100-400 uM). Cultures
were incubated with the neurotoxin for 20 hours and the
effects of neurophilin compounds were assessed using high
affinity *H-dopamine uptakg according to a procedure

25 published by Park and Mytilineou [Brain Res., 599, pp.



4- Fl uor obenzyl triphenyl phosphonium chloride 10 (54.2g, 133.2 mol) was
suspended in 400 mM of anhydrous THF. Sodi um hydride (60% di spersion in

m ner al wid q1/588135g, 133.2 mml ) was added to the suspensicanwsamd421etirred
at roomtenperature for 3 hours. A solution of tert-butyl

4- oxo-| - pi peridi necarboxylate (25 g, 125.5 15 mml) in 150 m of anhydrous
THF was added dropwi se over 1 hour. Thé&%-eaction was heated to ref |ux for
8 hours and then cooled to roomtenperature, filtered, and the filtrate
evaporated in vacuo to afford the crude product as a yellow viscous oil.
The crude pdd®ct M@22ddrified 20 by flash chromatography (Si02) el uted

wth a gradient of h n h - . 7= 3).¢ The:

fractions were conbi ﬁ%l a(?{'r‘?1 q&v%@@% Z%Mos g?}e%)?f%égl%% %f (ggjo%m%ugse?}a) of
Conpound 82 fagx srastiices copgicalndsnesalidk 2b/eSiteimB. H / WO 01/ 58891

PCT/ US01/ 0421% -92 4- (4-Fl uorqbenzyl i dene) pi peri di ne hydrochl ori de

( Conpound 83PP1£ (4- FISSEP ﬁqtdéyﬂgjypi peri di ne-I-carboxylic acid
tert-butyl ester ( 3 C ved in 25 m
of ethyl acetate a ution at
roomtenperature u *F=Hour, then
evaporated in vacu rled product as
a white crystallin




((2S) -I-Ethyl piperidin-2-yl) - [4- (4-

fl uor obenzyl i dene) pi peri di n-1 -yl ]-nmet hanone hydrochl oride (Conpound 84).
15 Conpowod1B4s9aas prepared from (2S)-1- ethyl pi peridi n- 2calusvanioxyl i c
acid and 4-(4- Fluorobenzylidene)pi peridine hydrochl oride (Conmpound 83) as
described in Exanple 1 to yield 234 ng (70% as the hydrochloride salt. 20
1H NWVR (CD30D, 500 MHz) S 7.23 (m 2H),-90-05 (m 2H), 6.48 (s, 1H), 4.56
(m 1H, 3.84 (m 0.5H), 3.72 (m 2H), 3.65 (m2H), 3.55 (m O0.5H), 3.23
(m 1H), 3.04 (m . m_1H) H) 2.18 (m
1H, 1.96 (m 2H)),
(M) WD 01/58891

(2S)-1-benzyl pyrraofll -y obenzyl -
| dene) pi peridine h
yield 310 ng (79%
7.57 (m 2H), 7.48
(m 1H), 4.50 (d,
3.48-3.21 (m 3.5

In the table above, “A” designates an ECs5q of
less than 100 nM; “B” designates an ECsq of between 100
and 500 nM; and “C” designates an ECsy, of greater than 500
nM. All of the compounds tested above had ECsy, values of
5 less than 1250 nM. It is expected that all compounds of
this invention will show detectable activity in this

assay.



2.22 (m 3H, 2.12 (m 1H, 2.05 (m 1H, 1.95 (m 1H. 15 Ms nlz 379.12
(Mtl) Exanple 69 F OY

((2S) - 1- Benmyssgpar r ol i di n-2-yl)-[4-(4-fluorophenyl) pi perrcaivsoloyitdh

met hanone hydrochl ori de (Conpound 86). 20 Conpound 86 was prepared from
(2S)-1 WD 01/58891 PCT/US01/ 04210 -94 benzyl pyrrolidin-2-yl carboxylic
acid and 4-(4-fluoro- phenyl)piperazi ne%s described in Exanple 1 to yield
620 ngy (72% as the dihydrochloride salt. 1H NVR (CDC13, 500 MHz) 8 7.34
(m 5H, 7.02 (m 2H), 6.84 5 (m 2H), 4.02 (m 1H), 3.96-3.68 (m 4H),
3.55 (m 2H), 3.26-2.95 (m5H), 2.&3mple1? 2.21 (m 1H), 1.92 (m 3H).
M5 nmfz 368.3 (M+rl) Exanple 70 NF N O 10

((2S) - 1- Benzyl - pyr Palepdinatdopl pi[ 4-(R4) f-Hludtdryheripgdr)idigi@ernddin- 1- yl |

met hanone ( Conpound g2).(4Cdiponed 87 zyds qemne) arige Hikddm (1291l -

benzyl pyrrolidin-2-yl meahbeaoplel Gyariodhdnd idte( 4-(ddmpanokersay)l ) pi per azi ne as
described in Exanple 1 to 15 yield 210ng (36% yield) as the dihydrochl oride
salt. 1Hs NM8teegD®l3, 500 MHz) 7.25 (m 7H), 6.95 (m 2H), 3.90 (d, 1H),
3.65-3.49 (m 4H), 3.41 (s, 2H), 3.31 (m 1H), 2.97 (m 1H), 2.25 (m 6H),
2.13 (m 1H, 1.81 ) ‘

ymp
>
4-(4-Fluorobenzylidene)piperidine-l-carboxylic acid tert-
butyl ester (Compound 82).

4-Fluorobenzyl triphenylphosphonium chloride

10 (54.2g, 133.2 mmol) was suspended in 400 ml of anhydrous
THF. Sodium hydride (60% dispersion in mineral oil;
5.35g, 133.2 mmol) was added to the suspension and
stirred at room temperature for 3 hours. A solution of
tert-butyl 4-oxo-l-piperidinecarboxylate (25 g, 125.5

15 mmol) in 150 ml of anhydrous THF was added dropwise over
1 hour. The reaction was heated to reflux for 8 hours
and then cooled to room temperature, filtered, and the
filtrate evaporated in vacuo to afford the crude product
as a yellow viscous oil. The crude product was purified

20 Dby flash chromatography (Si0,) eluted with a gradient of
hexane to hexane-ethyl acetate (7:3). The pure fractions
were combined and evaporated to afford 25.83 g (70%

yield) of Compound 82 as a white crystalline solid.

25 Step B.

SAGR
H
F



1.72 (m 1H). M5 nfz 382.16 (M1). WD 01/58891 PCT/US01/ 04210 -95 Exanple

71 CNN OF (1-Aza-bicyclo [2.2.2] oct-2-yl) - [4- (4-fluoro-benzyl) -

pi peri di wd e1yd8§o1inet hanone hydr ochl ori de (Conpound 88). 5 rCarmysewme2188 was

prepared from 1- azabicycl o] 2. 2. 2] oct ane- 2-carboxylic acid and 4-(4-

fl uorobenzyl ) pi peridine as described in Exanple 1 to yield 30 ng (19% as

t he hydrochloride salt. 1H NVR (CDC13, 530 MHz) 7.09 (m 2H), 6.95 (m 2H),

4.61 10 (d, 1H), 4.01-3.88 (m 2H), 3.49 (s, 1H, 3.41 (s, 1H, 3.21-3.03

(m 2H, 2.92 (m 1H, 2.55 (m 3H, 2.25 (m 1H), 2.05 (d, 1H), 1.80-1.55

(m 7H), 1.39 (m 1H), 1.15 (m 2H). M5 mz 331.08 (Mt ). Exanple 72 F 15

[ 4-(4-F uorébd#zﬁlmmfmmd%e])r(ﬂpmdme |lhydmpahloride

t et r ahydr opyiGogippu@dy 183 )rvet hanone hydrochl ori de (Conpound 89). Conpound 89

was prepared from arecai dine 20 hydrochl ori de and

4- (4-f1 uorobenzyl ) pi per- (@i-Fl s okdessili dirchd )P Pl im 33l taanbet@l de , 26 ¢

(91% as the hydrochloride salt. 1H NVR (CD30D, 500 WHz) 8 7.08 (m 2H),
.88 (m 2HPCIE GARORABSEF PCTgRPI U &7 ; 695mg, 2.38 mmol) ‘was

5 dissolved in 25 ml of ethyl acetate and anhydrous HCl gas
was bubbled into the solution at room temperature until
warm. The reaction was stirred for 1 hour, then
evaporated in vacuo to afford 521 mg (96% yield) of the

desired product as a white crystalline solid.

10 Step C.
7~
SRS
i
Ny

((28) -1-Ethylpiperidin-2-yl) - [4-(4-
fluorobenzylidene)piperidin-1-yl] -methanone hydrochloride
(Compound 84).

15 Compound 84 was prepared from (2S)-1-
ethylpiperidin-2-yl carboxylic acid and 4- (4-
Fluorobenzylidene)piperidine hydrochloride (Compound 83)
as described in Example 1 to yield 234 mg (70%) as the
hydrochloride salt.

20 'H NMR (CD;0D, 500 MHz) & 7.23 (m, 2H), 7.05 (m, 2H), 6.48
(s, 1H), 4.56 (m, 1H), 3.84 (m, 0.5H), 3.72 (m, 2H), 3.65
(m,2H), 3.55 (m, 0.5H), 3.23 (m, 1H), 3.04 (m, 2H), 2.61
(m,1H), 2.53 (m, 2H), 2.44 (m,1H), 2.18 (m, 1H), 1.96 (m,
2H), 1.88-1.68 (m, 3H), 1.38 (t, 3H). MS m/z 331.04

25 (M+1)



-96 (s, 1H), 4.28 (m 1H), 4.02 (m 1H), 3.93 (d, 1H), 3.67 (d, 1H), 3.48
(m 1H, 3.12 (m 1H, 2.95 (m 1H, 2.86 (s, 3H), 2.56 (m 2H), 2.47 (m
3H), 1.7®%0mmssdH), 1.62 (m 2H), 1.06 (m 2H). M5 nlz 3PCT200Med)0 5
Exanple 73 F [4-(4-Fl uorobenzyl)piperidin-1-yl]-(1-nethylpiperidin-3- yl)
met hanone hydrochl ori de (Conpound 90). Conmpound 89 (200 ng) was dissol ved
in 10 M of 10 ethanol. To the sol utiof3wmas added 50 ng of 10% pal |l adi um
on carbon and the flask charged with an atnosphere of hydrogen (1 atm).
After 3 hours, the reaction was filtered through Celite and evaporated to
afford conpound 90 as a clear viscodxagidlemfi®h was 15 converted to the
hydrochl oride salt (132ny). 500 MHz) 8 7.07 (m 2H), 6.88
(m 2H), 4.43 (d,/6- f 3.88 (d, 0.5H), 3.76 (d, 0.5H),
3.50-3.22 (m 3H) 0.5H), 2.98 (m 2H), 2.85 (m
1H, 2.78 (m 1H), H)y, 2248 2H), 1.94-1.34 (m 7H),
1.3-0.92 (m 3H). 319. 3 (Mt1). WO 01/58891 PCT/ US01/ 04210 -97

Exanpl e 74 LI;\
q

(4- Benzhydr
((28) -1-Benzylpyrrolidin-2-yl) - [4- (4-fluorobenzylidene)
piperidin-1-yl] methanone hydrochloride (Compound 85).

erazin-1-yl)-[(2S)-1-(3, 4-dichl oro-

5 Compound 85 was prepared from (2S)-1l-benzyl-
pyrrolidin-2-yl carboxylic acid and 4-(4-Fluorobenzyl-
idene)piperidine hydrochloride (Compoﬁnd 83) as described
in Example 1 to yield 310 mg (79%) as the hydrochloride
salt.

10 H NMR (CD;OD, 500 MHz) & 7.57 (m, 2H), 7.48 (m, 3H), 7.22
(m, 2H), 7.08 (m, 2H), 6.46 (m, 1H), 4.79 (m, 1H), 4.50
(d, 1H), 4.32 (4, 1H), 3.71 (m, 1.5H), 3.62 (m, 0.5H),
3.48-3.21 (m, 3.5H), 2.65 (m, 1H), 2.52 (m, 1H), 2.42-
2.22 (m, 3H), 2.12 (m, 1H), 2.05 (m, 1H), 1.95 (m, 1H).
15 MS m/z 379.12 (M+1)

Example 69

((28)-1-Benzylpyrrolidin-2-yl)-[4- (4-fluorophenyl)
piperazin-1-yl] methanone hydrochloride (Compound 86).

20 Compound 86 was prepared from (2S)-1-



benzyl ) - pi peridin-2-yl] methanone di hydrochl oride 5 (Conpound 91).
Compound 91 was prepared from1l-[4-(I, 1-

di phenyl| wet diyds3qui perazi n-1 -yl ]-(2S)-piperidin-2-yl nethacameso1/04210

di hydrochl ori de and 3, 4-di chl orobenzyl chloride as described for Conpound
21 in Exanple 9 to afford 56 ng 10 (56% as the di hydrochloride salt. 1H
NVR (CDC13, 500 MHz) 7.48-7.25 (m 10Hy247.21 (d, 2H), 7.15 (m 1H), 4.21
(s, 1H, 3.81 (d, 2H), 3.65 (s, 2H, 3.24 (m 2H), 2.91 (s, 1H), 2.38 (s,
4H), 1.98 (s, 1H, 1.75 (s, 3H , 1.51 (s, 2H , 1.29 (s, 2H). MS mz
523.01 15 PRREYlprawglidins2-gl cagboxydic acid and 4- (4-fluoro-

1-((25)-1-B .ol i.di_n-2-yl |).74-(4- f I j di
i hydr boh ob §aY OBt a LEaf CE0 oo FOF AT ot Senrad 1y 1I0
reducti on ofngWD7Q%/) 5889 t hRCH1HSAHORHALR i 3e9&20anpound 49 as described in

Example 60 to yield 241 ng (89% of the title conpound as the
di hydr ochl off EMBaf€DCL1IH MR YIEDCIB, 7 590 fpiz) S5 7. 3807, 80, (#F) 5Hp ; 8%. 09

(m 2H,. 6.98 2H) 4.3 ( 1H), 3.33 (M, 1H),..\2. 97 r, s, , 5 2.66
(m 2H .°2. ég"(%@)m‘*; 03 é?"(gﬁ)sﬁbzﬁ)%, 3] (s 421 %4) 18 Z?Jr?]) 3H) |
1.85-1.55 (m.26HR, 9%. 5h,6m) ,1H).381.(32 16, 2HR21 Mm,m121)367. .02 M) . Wil e
we have descrgbed a ng?oer of enbodinents of this invention, it is

appar ent t hat? our MSasi¢ Zexaffl-és (Mtd)may be altered to provide ot her
enbodi ments which utilize the conpounds and met hods of this invention.

Ther ef or e, Example 70

10 ((28) -1-Benzyl-pyrrolidin-2-yl) -[4-(4-£fluoro-benzyl) -
piperazin-1-yl] methanone (Compound 87).

Compound 87 was prepared from (28)-1-
benzylpyrrolidin-2-yl carboxylic acid and 4-(4- 7
fluorobenzyl)piperazine as described in Example 1 to

15 vyield 210mg (36% yield) as the dihydrochloride salt.
'H NMR (CDCl;, 500 MHz) 7.25 (m, 7H), 6.95 (m, 2H), 3.90
(d, 1H), 3.65-3.49 (m, 4H), 3.41 (s, 2H), 3.31 (m, 1H),
2.97 (m, 1H), 2.25 (m, 6H), 2.13 (m, 1H), 1.81 (m, 2H),
1.72 (m, 1H). MS m/z 382.16 (M+1) .



it wll be appreciated that the scope of this invention is to be defined
by the appended clains rather than by the specific enbodi nents which have
been repwesarss®d by 15 way of exanple. WO 01/58891 PCT/ Wediuso4addo - 99
CLAIMS W claim 1. A conpound of the formula: OI Y-B QN1 X P
wherein: each Qis a nonocyclic, bicyclic or tricyclic ring systemwherein
in said ring system a. each ring is in@ependently partially unsaturated
or fully saturated; b. each ring conprises 3 to 7 ring atons'

i ndependently selected fromC, N, O or S; ¢c. no nore than 4 ring atons in Q
are selected fromN, 0 or S; d. ' &#¢mBlies 7dptionally replaced with S(O
or S(0)2; e. at least one ring conprises a Nring atom that is
substituted wiph RL; f. one to five hydrogen atons in Qare optionally and

i ndependent.| |l aced with halo, -OH =0, =NOR, (Cl-C6) -straight or
branched al k r- s ituted- (Cl-C6) -straight or branched al kyl,
(C2-Co) - N

(1-Aza-bicyclo[2.2.2]oct-2-y1) -[4-(4-fluoro-benzyl) -
piperidin-1-y1l] methanone hydrochloride (Compound 88).
5 Compound 88 was prepared from 1-
azabicyclo[2.2.2]octane-2-carboxylic acid and 4-(4-
fluorobenzyl)piperidine as described in Example 1 to
yield 30 mg (19%) as the hydrochloride salt.
H NMR (CDCl;, 500 MHz) 7.09 (m, 2H), 6.95 (m, 2H), 4.6l
10 (d, 1H), 4.01-3.88 (m, 2H), 3.49 (s, 1H), 3.41 (s, 1H),
3.21-3.03 (m, 2H), 2.92 (m, 1H), 2.55 (m, 3H), 2.25 (m,
1H), 2.05 (d, 1H), 1.80-1.55 (m, 7H), 1.39 (m, 1H), 1.15
(m, 2H). MS m/z 331.08 (M+1).

Example 72

[4- (4-Fluorobenzyl)piperidin-1-yl] - (1-methyl-1,2,5,6-
tetrahydropyridin-3-yl) methanone hydrochloride (Compound
89).

Compound 89 was prepared from arecaidine
20 hydrochloride and 4-(4-fluorobenzyl)piperidine as
described in Example 33 to yield 1.26 g (91%) as the
hydrochloride salt. |

'H NMR (CD30OD, 500 MHz) & 7.08 (m, 2H), 6.88 (m, 2H), 6.04



straight or branched al kenyl or al kynyl, Ar-substituted- (C2-C6) -straight
or branched al kenyl or al kynyl, O (Cl-C6) - straight or branched al kyl, O
[' (Cl- Cowo-atssaitght or branched al kyl]-Ar, O (C2-C6) - st reaiiTgiio1/0421br anched
al kenyl or al kynyl, O-[(C2-C6)-straight or branched al kenyl or

al kynyl]-Ar, or OAr; and g. Qis not an indole or a pyroglutamc noiety,
wherein each Rl is independently select-éé-from (Cl-C6) WO 01/58891

PCT/ USO01/ 04210 -100 straight or branched al kyl, Ar-substituted-(CLl-C6)-
straight or branched al kyl, cycl oal kyl - substltuted (C1 Co6) -stralght or
branched al Ky, 1@@2 @6)2& s(t“?rallgﬁt: dr- 02r @hcHe ralke?%ll (br Hhkyrdi€7 or

Ar-substi t uted- ( 8st(r i gf q_{K g tlr%ak rfelq}ﬂl k%ﬁyi% ll%:nyl erei'n
y eny

one to two gr dps of sai’'d ains’in Rl are
optionally ard Bmlependent(ny, 2mEpl acad wint,h 1) S,1 7 Oom,, 91)(,0O12%2C (0) or

N (R2) , mhereln when Rl js bo%nd to nu}r en, p 2 group of R1 bound
directly to §h|&HﬁvtﬁoéEh be”@bﬁ} KM%T]%X ; is selected from
phenyl , 1-naphthyl, 2-naphthyl, indenyl, azul enyl, 2- furyl, 3-furyl,
2-thienyg, 3- thienyl, 2-pyridyl, 3mRw% 'qglq34-pyridyl, pyrrolyl,

oxazolyl, thiazolyl, imdazolyl, pyraxg¥§T——pyrazolinyl, pyraol i di nyl,

i soxazol yl, isothiazolyl, 1,2,3- oxadiazolyl, 1,2,3-triazolyl,

1, 3, 4-t hi adi azol yl,

1,2,4- triazolyl,
1,2,4-thiadia i adi

1, 2, 4- oxadi azol yl
H , benoxazol yl, pyridazinyl, 2-

, pyrazinyl, 1,3,5-triazinyl,

[4- (4-Fluorobenzyl)piperidin-1-yl] - (1-methylpiperidin-3-
y1l) methanone hydrochloride (Compound 90).
Compound 89 (200 mg) was dissolved in 10 ml of
10 ethanol. To the solution was added 50 mg of 10%
palladium on carbon and the flask charged with an
atmosphere of hydrogen (1 atm.). After 3 hours, the
reaction was filtered through Celite and evaporated to
afford compound 90 as a clear viscous oil which was
15 converted to the hydrochloride salt (132mg).
'H NMR (CD30D, 500 MHz) 06 7.07 (m, 2H), 6.88 (m, 2H), 4.43
(d, 0.5H), 4.38 (d, 0.5H), 3.88 (d, 0.5H), 3.76 (4,
0.5H), 3.50-3.22 (m, 3H), 3.18 (s, 0.5H), 3.10 (m,
0.5H), 2.98 (m, 2H), 2.85 {(m, 1H), 2.78 (m, 1H), 2.53 (m,
20 1H), 2.48 (m, 2H), 1.94-1.34 (m, 7H), 1.3-0.92 {(m, 3H).
MS m/z 319.3 (M+1) .



i soi ndolyl, 3Hindolyl, indolinyl, benzo[b]furanyl, benzo[Db]thiophenyl,

1H i ndazol yl , benzi m dazolyl, benzthiazolyl, purinyl, 4H quinoli zinyl,
qgui nol i nwo,01/58842, 3, 4-t et r ahydr oi soqui nol i nyl, isoqui nol i rdT/USb1/B4230 4-
t etrahydroqui nolinyl, cinnolinyl, phthalazinyl, quinazolinyl,

qui noxal i nyl, 1, 8-naphthyridinyl, or any other chemcally feasible
nmonocyclic or bicyclic ring system wheé&7ein each ring consists of 5to 7
ring atons and wherein each ring conprises 0 to 3 heteroatons

i ndependently selected fromN, O, or S, wherein each Ar is optionally and
i ndependently substituted w th oneExempheed4substituents sel ected from
hal o, hydroxy, nitro, -SO3H, =0, trifluoronethyl, trifluoronethoxy,
(C1-C6) -straight or- branched !, (G WD 01/58891 PCT/USO1/04210 -101
C6) -straight or branched al ke O [ (Cl-C6) -straight or branched

al kyl], O-[(Cl1-C6)-straight or~yanched al kenyl], O benzyl, O phenyl,

1, 2-net hyl enedi oxy, -(R3)(R4), |carboxyl, N (Cl-C6-straight or branched
al kyl or C2-C6- stypdirght or/b¥w gl kenyl ) carboxam des, N, N-di - (Cl-C6-
strai ght or branchgd aj kyll or | rai ght or branched al kenyl)

car boxam des, N-(CI*g6- Nght or Fanched al kyl or C2-C6-straight or
branched al kenyl ) su) forfjam des, or N, N-di-(Cl-C6-straight or branched

al kyl or C2-Co¢stegi ght ~or branched al kenyl) sul fonam des; each of R3 and
R4 are indepen y selected from (Cl-C6) -straight or branched al kyl,
(C2-C6) -straig or branched al kenyl or al kynyl, hydrogen, phenyl or
benzyl; or whergin R3 and. R4 are taken together with the nitrogen atom
to which they are bound to forma 5-7 nenbered

(4-Benzhydryl-piperazin-1-yl)-[(28)-1-(3,4-dichloro-
benzyl) -piperidin-2-yl] methanone dihydrochloride
5 (Compound 91).

Compound 91 was prepared from 1-[4-(1,1-
diphenylmethyl)piperazin-1-yl]-(28)-piperidin-2-yl
methanone dihydrochloride and 3,4-dichlorobenzyl chloride
as described for Compound 21 in Example 9 to afford 56 mg

10 (56%) as the dihydrochloride salt.
'H NMR (CDC1l,, 500 MHz) 7.48-7.25 (m, 10H), 7.21 (4, 2H),
7.15 (m, 1H), 4.21 (s, 1H), 3.81 (d, 2H), 3.65 (s, 2H),
3.24 (m, 2H), 2.91 (s, 1H), 2.38 (s, 4H), 1.98 (s, 1H),
1.75 (s, 3H), 1.51 (s, 2H), 1.29 (s, 2H). MS m/z 523.01
15 (M+1) .

Example 75

@)@m@

1-((28) -1-Benzylpyrrolidin-2-ylmethyl) -4- (4-
fluorobenzyl)piperidine dihydrochloride (Compound 103).

20 Compound 103 was prepared by the reduction of



heterocyclic ring; each R2 is independently selected from hydrogen, (Cl-
C6) -straight or branched al kyl, or (C2-C6) -straight or branched al kenyl
or al kynwioj01%8898 sel ected fromC(R2)2, N, N (R2) , 0, S, PeT(@o1/p4200 S(0)2
Y is selected froma bond, -0-, (Cl-C6) -straight or branched) alkyl, or
(C2-C6)-straight or branched) al kenyl or alkynyl; wherein Y is bonded to
the depicted ring via a single bond or-¥8-double bond; and wherein one to
two of the CH2 groups of said al kyl, alkenyl, or alkynyl is optionally and
|ndependentl repl aced with 0, S, %(g S(0)2 C((O or é'Ré; pis 0, 1 or
2: each of AQURPURG 49 RFEpEHIRHIPSA st dBXWIe ot? YAy HYLR 841 AFY or one
of Aor Bis e i r d tedrlng
( e k@rgéjt + One: é‘orﬁ @ Qé’”tﬂ% c%ég;&é’ﬁchfo% &e gQ}E

structure my 1 n er via a rail

C2-CA strai gt thke(@wwzp soeamgza 80, 03458894 BT/ U301/ 64%0 (m; 1@1217
bi cyclic noiety. 2 The conpound according to claim1l, wherein Qis
sel ected frdm<% 5o Blnentbet et pakiil al3y33 ufmat Liht edl. 97 fhr| §, s lr at ed

het erocygli ¢, réepg m,c% ainjng, a (§| nﬂhel r5t Jpgﬁ&fré ngllgil r‘r&a{lg f(ggr to five

carbon ring atoms whereln sald ring 1's optionally’ fuset

t hr ee- menberiad rnngas 3(m,TIeH }conmpoasdl a8 o(mlj NEHY o 1:1511 rmR, mer ein32Qis
selectedfro ridyl or I’I’O|Id I tlonally substituted at one of the
ring car bons ﬁ{%phe w2367 1)

While we have described a number of embodiments
of this invention, it is apparent that our basic examples
10 may be altered to provide other embodiments which utilize
the compounds and methods of this invention. Therefore,
it will be appreciated that the scope of this invention
is to be defined by the appended claims rather than by
the specific embodiments which have been represented by

15 way of example.



met hyl or h
to claim1l,
strai ght vab
branched al
conpound ac
- CH2- phenyl ,
-CHz2-di fluo
- CH2- CH=CH2¥
wherein: p
1, wherein

ydroxy; or 3-Azabicyclo[3.1.0]hexyl. 4. The conpound accordi ng
wherein Rl is selected from (Cl-C6) -straight al kyl, (Cl-C6)
kybssér , (CLl-C6)-straight al kyl-cycloal kyl, (CBeD8por/mbroai ght or

kenyl, or (C3-0C6) -straight_9§£ branched al kenyl -Ar. 5. The
is selected fromnethyl, ethyl,

cording to claim4, wherein
- CH2- net hyl phenyl , -CH2emetMexyphenyl, -CH2- quorophenyI

rophfgéﬁ - CH2- CH2- phenyl , - CH2- cyclopropyl - CH2- CH=C (CHS) 2,
2-

CH=CH phenyl . 6. The conpound according to claiml,

is Oor 1; and Xis Cor N 7. The conmpound according to claim

Y is a bond, -0-, -CH<, or =CH<. WD 01/58891 PCT/ US01/ 04210

-103 8. The conpound &ccor 8i aAgmpeustaiod thewfersiuaa:one of A or Bis

selected fr
pyridyl and
substi t ut ed
conmpound ac
selected fr

fl uor ophenyl,

phenyl, chl

omgptionally substituted phenyl or optionally substituted
ot her A or Bis selected fromhydrogen, optionally

th

pflenyl, opkiogal Iy substituted pyridyl, or is absent. 9. The

0/c] aim 8, wherein one of A or Bis absent or is
.| phenyl, chl orophenyl, dichlorophenyl,

or opheny

The conpound accordingPto cl aiAeteinherein

each Q is a monocyclic, bicyclic or tricyclic ring
system wherein in said ring system:

a. each ring is independently partially
unsaturated or fully saturated;

b. each ring comprises 3 to 7 ring atoms’
independently seleéted from C, N, O or S;

C. no more than 4 ring atoms in Q are
selected from N, O or S;

d. ' any S is optionally replaced with S(0O) or
S(0)o;

' e. at least one ring comprises a N ring atom
that is substituted with R';

f. one to five hydrogen atoms in Q are
optionally and independently replaced with halo, -OH, =0,
=N-OR', (C;-C¢)-straight or branched alkyl, Ar-
substituted- (C;-C¢) ~straight or branched alkyl, (C;-Cg)-
straight or branched alkenyl or alkynyl, Ar-substituted-
(C2-C¢) -straight or branched alkenyl or alkynyl, O-(Cl—Cg)—
straight or branched alkyl, O-[(C;-Cg)-straight or
branched alkyl]-Ar, O-(C,-C¢)-straight or branched alkenyl
or alkynyl, O-[(C,-Cg)-straight or branched alkenyl or
alkynyl] -Ar, or O-Ar; and

g. Q is not an indole or a pyroglutamic
moiety, wherein

each R' is independently selected from (C;-Cg)-

i chl orophenyl, fluorophenyl,. or difluorophenyl.

di f| uprophenyl and the other of A or Bis selected from

10.



said conmpound is selected fromany one of conmpounds 1, 7,

d tion; d h ticall t apl '
Composi U1 on STCEOHN TG PG £ Lo YA Ty iR of Hocet

n

neurotrophic factor is selected fromnerve growh factor

15, 20, 21, 26,
28, 30, 39, 41, 42, 44, 47, 48, 49, 52, 58, 60, 65, 69, 84, 85, 86, 90,
100, 10lwoldzgssi03, 205, 206, 221, 223, 225, 238, 240, 242/Ush46421€55, 260,
261, 262, 263, 265, 267, 268, 271, 27330875, 276, 277, 278, or
conposition conprising a conpound according to any one of clains 1 to 10
i n an anountstsufdhitcicentortagcdtadnd latel nexwv-eswromt thutoed pt@vend -

279. 11. A

éér The
to _ : T _ ‘ot rophi c
factor. 13. c[heseeanaskt benbaaaehdina1ke1¢! gicn &2, -sm@h?’\%@) d

i nsul i n-1i kéxpnskad faddresy Y IceF-adkyramd 1956 Zactswes t i uneed etCadéhi vat i ves

Factor o 0TS pCH CesT i o RN T R Pl

pl atel et - deri ved aqgreowtch twcacinr groBPeFpf Rididn-ad&yilyea Ikewydt,r ephi ¢ fact or

cel |

(BDNF), cili.ar eur ot rophi c fiactors (CNTF), gli
(tﬁ%a)lELMT-agl i

neur ot r ophi & ¥t Athdur 8EFopR

| i ne-derived
in 4/5

(NT-4/5) . 14.ephhe.£LORPRAY td,0r aee@y)di ng(d)9,, Ckaby bk N (#aer ej;Resakd
conposition is fonnulated for oral or parenteral adn1n|str9t|on to a
patient. 15WhErRe RookpobPuhdntacuatdioggnt o tékalChie 19rouphefeRn keind

conposition 4.5 farnulat for_ .qral or renteral_ adm nistrati {to a
dlsrec%lri;u & %%1 nlq:r%ge% IS arepafLa 4 \}/11?111 8&)) ;

patient.

Ar is selected from phenyl, 1l-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-
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-tetrahydroisoquinelinyl, isoquinolinyl, 1,2,3,4-
tetrahydroquinolinyl, 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
and wherein each ring comprises 0 to 3 heteroatoms
independently selected from N, O, or S, wherein

each Ar is optionally and independently substituted
with one to three substituents selected from halo,
hydroxy, nitro, -SO0O3H, =0, trifluoromethyl,
trifluoromethoxy, (C;-C¢)-straight or branched alkyl, (C;-



16. A method for pronoting neuronal repair or preventing neuronal danmage
in a patient or in an ex vivo nerve cell conprising the step of

adm ni st ewiony/s8gw1said patient or said cell an anount of @CIORIGO4A0
sufficient to pronoting neuronal repgjy_ or preventing neuronal danmage,
wherein said conpound has the fornul a: 0-B QNX P, wherein: each Qis
a nonocycl i%) -bitepdbhe or brieaytlede alkegylsysten \MieCe)lfsthB@htd cpr ng
system a. each i.ndepe I rtia upsatu

sat ur at ed; gteﬁ{]g‘ﬁwjddrrp QQCS'% %l() r??‘ﬂbLa% rapﬁggé ﬁPV Sel ected
from C N dlbyn@;l C.0HhemBfIE, tthan e dh OBy N Qengrisel ected from N,
0 or %Sls optlonallyreplace with S(O or W 01/58891

PCT/ USOl/ 04 OxmosNﬂqlerzstéalahtl@asbreﬁ@hﬁﬁnglbwzsﬂrpprsﬁs @-N ring atom
E)B?lt oln:tl F;%nf Lg‘rﬁcejpenfjﬂ}%]cy rec%lfatkcee t(ﬁ %Bc?é?a@%_%’g%\g ﬁt&ﬂf&n (Q( ?:rleCG)
-strai ght (strtm@m:hext adatichet -a]s]qtﬂstht L{Ized:-seé:ﬁréiﬁsgghst oai lghanohetlr anched
?IC:I;}/IC,G) ﬁc-‘[g% Slt ral t or begqn,ﬁg\}e]d Call Ilégngk gt& %{aAr_e glikgﬂt ed-
viCi5Cs aPkTAYS £gY
or Cy;-Cg- straight or branched alkenyl) sulfonamides, or
N,N-di- (C;-C¢-straight or branched alkyl or C2-Cé6-straight
or branched alkenyl) sulfonamides;
each of R? and R* are independently selected from
(C1-Cg) -straight or branched alkyl, (C;-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-
Cg¢) -straight or branched alkyl, or (C,-Cg¢)-straight or
branched alkenyl or alkynyl;
X is selected from C(R?),, N, N(R®)), O, S, S(O), or
S(0) .
Y is selected from a bond, -0-, (Ci1-Cg¢)-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, aikenyl, or alkynyl is
optionally and independently replaced with O, S, S(0),
S(0)2, 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 C;-C,

straight alkyl or a C,;-Cs straight alkenyl to create a



straight or branched al kyl, O[(Cl-C6)-straight or branched al kyl]-Ar,
0-(C2-C6)-straight or branched al kenyl or al kynyl, O-[(C2-C6)-straight or
br anchedwal kessgd1 or al kynyl I -Ar, or O Ar; wherein each RCT/sSoindapendent|y
sel ected from (Cl-C6) - straight or bragched alkyl, Ar-substituted-(Cl-CS6)-
straight or branched al kyl, cycl oal kyl -substituted-(Cl- C6) -straight or
branched al byjlcyd1G2+ @tyietst.rai ght or branched al kenyl or al kynyl, or
Ar-substituted-(C2-C6)- straight or branched al kenyl or al kynyl; wherein
one to two CH2 groups of said al kyl, alkenyl,_or alkynyl chains in Rl are
optional |y and i ndeperfdent I§re CFIRREW dddriing © (@haim & ( oyhexrexn (0) or

N (R2) . Whey aidh sl J3l dirbatind dop i diBBRa (e A group of RL bound

directly to said nitrogen cannot be repl ace is selected from
phenyl, 1-napistityrataaaphtinlly satdemted dmtemdycl2id uridg 3-furyl,
2-thienyl, 3- thi.enyl, 2-pyridyl,. 3-pyridyl, 4-pyridyl rrolyl,

oxazol yi , tﬁiog%&lﬂl?ﬁq 5 fnd%tﬂ]ﬁlnlﬁro% )ﬁl,ngpfr%fg‘?v)ﬁ Ifod%/atcﬁ i%“l‘ﬁ?/l ,

i soxazol yl, daS®idn a&ely latohms?, Ihe®eddi az0ld/ viny 2 S-dgd Rz Mly fused
1,3,4-thiadiazolyl, 1,2,4- triazolyl, 1,2, 4-oxadiazolyl,

1, 2, 4- t hi adit&z &l Whreermembengdadildsol yl , benoxazol yl, pyridazinyl, 2-
pyrimdinyl, 4-pyrimdinyl, 5-pyrimdinyl, pyrazinyl, 1,3,5-triazinyl,

1,3,5-trithianyl, i nd%I.i zi 3%1'@ c,joi%%%lbdﬁld a[\%c%%i 8r%?l%]b %Dqgl%S%f ?vﬁ'lgel]p ;5 106

i soindolyl, 3Hindolyl, in I ny enzo ura enzo[ ophenyl ,

1H i ndazol yb, iberailrctazplftlom pdewratiliydz @rylpyguoliityl, ptigpdaialy zi nyl,
qui nol i nyl % 2,.3, 4-t etrahydroi soqui nalinyl, isoquinolinyl, 1,2, 3, 4-
substituted at one of the ring ‘carbons with pHenyl,

methyl or hydroxy; or 3-Azabicyclo[3.1l.0lhexyl.

4. The compound according to claim 1, wherein
R' is selected from (C;-Cg)-straight alkyl, (Ci-Cg)-
straight alkyl-Ar, (C;-Cg)-straight alkyl-cycloalkyl,
(C3-C¢) -straight or branched alkenyl, or (C;-Cg)-straight
or branched alkenyl-Ar.

5. The compound according to claim 4, wherein
R' is selected from methyl, ethyl, -CH,-phenyl,
-CH;-methylphenyl, -CH,-methoxyphenyl, -CH;-fluorophenyl,
-CH,-difluorophenyl, -CH,-CH,-phenyl, -CH,-cyclopropyl,
-CH,-CH=C(CH;3),, -CH,-CH=CH,, or -CH,-CH=CH-phenyl.

6. The compound according to claim 1,
wherein:
p is 0 or 1; and

X is C or N.

7. The compound according to claim 1, wherein

Y is a bond, -0-, -CH<, or =CHc<.



t et rahydroqui nolinyl, cinnolinyl, phthalazinyl, quinazolinyl,

qui noxal i nyl, 1,8-naphthyridinyl, or any other chemcally feasible
nonocycl wo arssgiicyclic ring system wherein each ring c@®tIisdos/oefio5 to 7
rifig atons and wherein each ring conprises O to 3 heteroatons

i ndependently selected fromN, O, or S, wherein each Ar is optionally and
i ndependently substitut.ed ‘mh&ttamppunﬁtdu&&rdiﬂgﬂﬁ¢tm&ﬁ$msble@hexbimon1

halo, hyd SGBH, =0, th trifl t hoxy,
(01°0o) st PG 8 % Fharb P dase (G G LA L ot St od”

al kenyl 1- &) I ghty Qf bsttram{r&ﬂ My £hd [£ Kot @ﬁral ght
or branchedphlgl(r%enyl] Csls(s)glbenz y Cliphelnyl E?met%yl ened? oxy, Nr( R3) (R4)

, carboxyl , AN-OI( B1 5 sstked ﬂbrfa/fwral Iapt gpna iy Cﬁlhﬁ?hﬁl@md or
branched” al car rai hed al kyl
or C2-C6- st a| t or% q;gg{?cdl d %enlsﬁ #ﬂ%‘(ﬁdﬁld’es&h %C?l&rt%ﬂgt rai ght or

branched al kyl or C2-C6-straight or branched al kenyl) sul fonam des, or

N, N-di - (C1- C6-strai ghts.or lman el lacdr Ghfb-Stdod gits Orwix weied

al kenyl ) sul fonam des; each of R3 and R4 are inde endently sel ected from
(Cl-CB) - st PRicgRE & O&r%d’r?ed‘“%ﬁﬁ%”ﬂ o @& %Rcﬁeﬁg %?ﬂm YIRIfthed al kenyl

or al kynyl, tp’i‘:}é@x genn 1P 1 b%ﬁ@ﬂlorc&fl’h r ei R arg taken

toget her with the nltrogen atom to' whi ch 't hey are oun toforma 5-7
menber ed heitlérl@@}‘@ﬂphenyln@cnd?zthes cdleattagdd A ragmBhyidy Cﬁﬁ]rﬁct(e@ i€ el

k02 91 koA Aliten o, (Sesbislah S HANEDSA Slkery) o

01/ 58891 PCHigQbrpHER Y] .

10. The compound according to claim 1, wherein
said compound is selected from any one of coﬁpounds 1, 7,
15, 20, 21, 26, 28, 30, 39, 41, 42, 44, 47, 48, 49, 52,
58, 60, 65, 69, 84, 85, 86, 90, 100, 101, 102, 103, 205,
206, 221, 223, 225, 238, 240, 242, 246, 255, 260, 261,
262, 263, 265, 267, 268, 271, 273, 275, 276, 277, 278, oxr
279.

11. A composition comprising a compound
according to any one of claims 1 to 10 in an amount
sufficient to stimulate nerve growth or prevent
neurodegeneration; and a pharﬁaceutically acceptable

carrier.

12. The composition according to claim 11,

additionally comprising a neurotrophic factor.

13. The composition according to claim 12,
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



-107 Y is selected froma bond, -0-, (Cl-C6)-straight or branched) alkyl,
or (C2-C6) -straight or branched) al kenyl or alkynyl; wherein Y is bonded
to the dwo wmissgbiring via a single bond or a doubl e bond;pcancsonneriei n one
to two of the CH2 groups of said al kyhpaal kenyl, or alkynyl is optionally
and i ndependently replaced with 0, S, S(O, S (O 2, C(0) or N(R ; pis
0, 1 or 2; datWFofand &NGIB irespwdaperdant,| pisdaecttedidriomd ppdrvogen or Ar;

and wherein t carhb j\ng.atans jn .the depicted rin st.ruct y be
linked o ofEXSEENAF IR 2 BRIGT dedir Rty MEHAGH ORI G O st

al kenyl to efigatkeya neiretddpghi®iridtork?. (Tt hagh for gwxnoti ng neur onal
repair or preventing neuronal danmage in a patient or in an ex vivo nerve
cel |, glial lé8el-deghivedamianradinondyl csifamted | (AW SisHF AtHeertigp of

adm ni steri 'y [ ' - i | conmpound according to any one
of cl ains lqtg‘ToT %i%?ﬁdgn%%&léj%rﬁ%?uf%%%@?t 4t/gS)p'r onote neuronal repair or
prevent neuronal danmage. 18. The nethod according to claim 16, conprising

the additional step of admnisteri n%,t Q said jent a Cg%u,r otrophic factor
either as part of a miitipiE FEERGEHTEM _]%te"r“%tt% : Jd“c]olnpound; or as
a separat eyfiesade QLM bhpoEie ikt Hed rReeRNATE tihLlidn b conpri sing

the additional step of administering to said patient a neurotrophic factor

ei ther as paarestexalngidmiplistdeddgn ticom REFaEdr- wi th sai d conpound or as
a

15. The composition according to claim 12,
wherein said composition is formulated for oral or

parenteral administration to a patient.

16. A method for promoting neuronal repair or
preventing neuronal damage in a patiént or in 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 said compound has the formula:
e
Y—B
PPN
Q N/j
X

P ., wherein:
each Q is a monocyclic, bicyclic or tricyclic ring

system wherein in said ring system:

a. each ring is independently partially
unsaturated or fully saturated;

b. each ring comprises 3 to 7 ring atoms
independently selected from C, N, O or S;

c. no more than 4 ring atoms in Q are
selected from N, O or S;

d. any S is optionally replaced with S(0O) or



separate dosage form WD 01/58891 PCT/ US01/ 04210 -108 20. The net hod
according to claim18 or 19, wherein said neurotrophic factor is selected
fromnerweoigssyt h factor (NGF), insulin-like growh factrom/ysoGh21) and
its active truncated derivatives such ass0p-G--1 and Des(1-3)IG~-1, acidic
and basic fibroblast gromh factor (aFGF and bFGF, respectively),

pl atel et -derd M@ :;growth factors (PDG), brain-derived neurotrophic factor
(BDNF), ciliary neurotrophic factors (CNTF), glial cell |ine-derived
neur ot rophi ¢ factor (GNF),2thekf3tl opre eg (IOuRy brls nef of iephe pod/ 5

(NT-4/5). 214.The et hod acqordi g’__fl,; q:cl aim 16, wherein said method is

used to treat a patient suffering from’'a i sease selected fromtrigem nal
neural gi a, gl osspharyhgealomeuwalfjivee BeltdogerPadtsoms mpash henéa gravis,
muscul ar dystraphy, _nuscle injury, progressive nuscular atroph

Sieage &

progr essi ve B ]ﬁ’héﬂdt edt tDarmspiRseherntatRator ub‘f’%r et or
prol apsed i nyedrebr Qél—@%)%t%’aﬁ%%ﬁb%éﬂé@'aﬁ%?ﬁﬂﬁ@s' s, plexus

di sorders, thoracic outlet destruction syndrones, "peripheral

neur opat hi esubsiidlt udedhdhe Cehusera byht ead, bdapsbad, alkitks (CorCqor phyri a,
ot her periphgral; jyeld I.sorders Al zhei mer.s disease, | lain-Barre
syndr one, P%?Zkri%nl o § rnc}éjrlsaznacghge%na koetl}:?’elr qfaré}gikr?/sn nlls’aralﬁlai Ss“(lc)%]s(’:ltelratsl,lt%ils,
Tourette's (SynRdeoretraidht pbe Scheched Salleéhel 6enalRinpyel on (cdicgorders,
stroke and ischem a associated with stroke neur al paropat hy, other neural
degener at | v& FPdEaLe ST i’rﬁ?t‘ifﬁ"h‘““r‘nielf‘r:'tﬁ‘r}’lcli Qsals@s - CsbrafraivhfuPy, neur opat hy

associ at ed Wrih Heabehes 1 1spiMalo c,dcln W+ 88ghf 86k ranched alkenyl

or alkynyl, O-[(C;-C¢)-straight or branched alkenyl or
alkynyl]—Ar) or O-Ar; wherein

each R' is independently selected from (C;-Cg)-
straight or branched alkyl, Ar-substituted- (C;-Cg) -
straight or branched alkyl, cycloalkyl-substituted- (C.-
Cs¢) -straight or branched alkyl, (C,-Cg)-straight or
branched alkenyl or alkynyl, or Ar-substituted- (C,-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, 8, S(0), S(0),, 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(0);

Ar is selected from phenyl, 1-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-
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,



nerve injury and other trauma, chenotherapy- and other nedication-induced
neur opat hi es, Huntington's disease, and protein fibrillization diseases,
such as DvOfowsgsdLewy Body di sease, Al zheinmer's di sease- Leay/usot¢d2var i ant ,
Fam | lal British Denentia, and Frontotéfperal Denmentia. WO 01/58891

PCT/ USO01/ 04210 -109 22. The nethod according to claim17, wherein said
met hod i s ussdindolykat3h- padokyl, sihidetimglf rioenao [Hi §easeydel ected from

trigem nal neura osspharyngeal n uy al gi a, ., Bel | | sy, nyasthenia
o gt o | IS O ORRSEY huobl LR AR ER 7L pr B SLEL 08O HiC Ul ar LT ophy.
progr essi V%&k&tﬂ@iai@i"ﬁi I t}i\@lrﬂwpul o - q@iﬁ@pbymp@r ngatgdlihypt ured, or

s

prol apsed i nvertebrae ndrome's, cervical spondyl osis, plexus
di sorders, 1:t?"lo}:a‘bT‘%ﬁmhﬁfﬂr@é%@@atl‘@@bhnx}ynd%W@lnﬁéinﬁherall 1 3,4-

neur opat h! %@?&mfﬂﬁ Se&r@%iﬁ@? de‘lQE Qfamﬁyfks or porphyri a,

ot her perip er i sordets | sease; @il lain-Barre
syndr one, R@Ii@amlmsyl di gensexahihyl her, Pamé(phsmramﬂymrdgrsnyALS,

Tourette's e sclerosis, centr al elin disorders,
stroke and ‘?%ﬁen&é }%té‘%la%\?r]?%e ST?%‘R%YC h‘éu‘?ﬁl bbSYSHpTthijlnﬁt her neur al
degenerat i vaﬂéﬁamremt@acﬁeym@ b SEBSES 0B CH aEbC7' PiHEYat BRYT Opat hy

associ ated wth di abetes, spinal cord injuries, facial nerve injury and

ot her traurgnd dﬁ@ﬁmmr%ﬁt}yh ke ordrepr iped Q;atfboh hateredtarar opat hi es,
Hunt i ngt on’ g_‘&ié e'%?&eei})ﬁl ngef)égég%i Sfllg)rlhl Ié)za on. dlﬁg%g?ﬁ, such as Diffuse

Lewy Body ase el ner ease-Lewy Body’ varian Fam | | al
British Denmenti asacndaifrimntedeiqmos bl y Den@nindepeddedbey metbhediaaceddi ng to
Clain]18(ﬂw£§£ one to three substituents selected from halo,
hydroxy, nitro, -SOsH, =0, trifluoromethyl,
trifluoromethoxy, :(C;-C¢) -straight or branched alkyl, (C;-
C¢) -straight or branched alkenyl, O-[(C,-C4)-straight or
branched alkyl], O0-[(C;-Cs)-straight or branched
alkenyl], O-benzyl, O-phenyl, ;,Z—methylenedioxy, -

N(R?®) (R*), carboxyl, N-(C;-Ce¢-straight or branched alkyl or
C;-Cs-straight or branched alkenyl) carboxamidesg, N,N-di-
(C1-Ce-straight or branched alkyl or C,-Ce¢-straight or
branched alkenyl) carboxamides, - N-(C;-Cg¢-straight or
branched alkyl or C;-Cg-straight or branched alkenyl)
sulfonamides, or N,N-di- (C;-Cs-straight or branched alkyl
or C,-Cg¢-straight or branched alkenyl) sulfonamides;

each of R® and R* are independently selected from
(C1-C¢) -~straight or branched alkyl, (C;-Cs)-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;

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

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



wherein said nethod is used to treat a patient suffering froma disease
selected fromtrigem nal neural gia, glosspharyngeal neuralgia, Bell's

Pal sy, nwasiilsssbiia gravis, nuscul ar dystrophy, nuscle i njrRaTyySopoayoessi ve
muscul ar atrophy, progressive bul bar iqierd ted nmuscul ar atrophy,

her ni at ed, ruptured, or prol apsed invertebrae disk syndrone's, cervical
spondyl osi s, pl edusidissdraderes] frdwradiaenduti@t, dest-Adctsomasyghdr omes,
peri pher al 01/58891 PCT/ US01/ 04210, -110, neuropat hi es ch_as those
caused by Iﬁcﬁn or‘?el,kggt'i &, (G Ssbr phyREERt oPhe rBEFFEa r 3L5APELi n

disorders, N zhelyiRa ;S WwHexRase v QU I5b BRSSO U E:t £TKIASOPL 8
di sease and ot her Parkinsonian disorders, ALS, Tourette's syndrone,
mul tipl e scléerddisle dangt emt rulme|bond diast dérsrein roke wwdtvecheni a

associ ated wi r neur al .par thy, -ether neural ,degenerative

di seases, \r,gﬁhtegr ﬁe%ggtﬁpai ggaggsl,a éag% tli’c a’ll%eﬁls'l,’ %%u%&rﬁ’tr%? *Associ at ed
with di abet eptispialdly ecord indjapdrelsntlacimdplawsdevity ury, and otder trauma,
chenot her apy-, and ot h?r me?i Sati on-i nduced neuropathies, Huntington's

di sease, ar‘?d(cgﬂot &RVt PBr NItR) zat i on di seases, such as Diffuse Lewy Body
di sease, Al zheimgy'is @i sqags-lbewy Body variant, Famillal British Denentia,
and Frontotenporal Denenti a. 24.” The nethod accordi ng to claim20, wherein
said nmethod is usegh @ft Pesinda Bditd eimdengridarinly fsoimetedi feeme sel ect ed

fromtrigemny rcré%%r %IrglA%,; aglgiosspharyngeal neural gia, Bell's Palsy,
nyast heni a ravi's, nuscul’ar dystrophy, nuscle injury, progressive
muscul ar atr ophy wheredre ssiov e drddimarrintherddned il alep Bdt@Pphying
her ni at ed, ruptured, or prol apsed jnvertebrae ,
structure may be linked to one another via a C;-C,
straight alkyl or a C,-C; straight alkenyl to create a

bicyclic moilety.

17. A method for promoting neuronal repair or
preventing neuronal damage in a patient or in an ex vivo
nerve cell, glial cell, chromafin cell or stem éell
comprising the step of administering to said patient or
said cell a compound according to any one of claims 1 to
10 in an amount sufficient to promote neuronal repair or

prevent neuronal damage.

18. The method according»to claim 16,
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.

19. The method according to claim 17,
comprising the additional step of administering tb said
patient a neurotrophic factor either as part of a
multiple dosage from together with said compound or as a

separate dosage form.



di sk syndrone's, cervical spondylosis, plexus disorders, thoracic outlet
destruction syndrones, peripheral neuropathies, such as those caused by

| ead, dapeonesssoti cks, or porphyria, other peripheral nyebcTvudiizaeter s,

Al zhei ner' s di sease, Qullain-Barre syndragre, Parkinson's disease and ot her
Par ki nsoni an di sorders, ALS, Tourette's syndrone, nultiple sclerosis,

ot her central nyelin 2 sorder syetshodkac@mddisg heor alassold abedlit h

troke, | p t t degenerative di seases, not or

e o i e A R et e o o e A e R PR e g oc,

spi nal cord gmjuwiH ef%cﬁ‘&ei@&GF)n,erMesdeym@gg@é@@ﬁ t4 LB, (EBeDS her apy-
|

and other WO 01/58891 PCT/US01/04210 -111 nedi cation-i nduced neuropat hi es,
Hunt i ngt on' £ siéds@ctigm pretaEted iderivahreonswiteasegIGEuthaaé Diff use

o oL ) N TR 0 SRS LR B 1AL v EoELLLL
(aFGF and bFGF, 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).

21. The method according to claim 16, wherein

said method is used to treat a patient suffering from a
disease selected from trigeminal neuralgia,
glosspharyngeal neuralgia, ﬁell'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 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.
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22. The method according to claim 17, 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
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 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 or 19,
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
atrophy, herniated, ruptured, or prolapsed invertebrae
disk syndrome’s, cervical spondylosis, plexus disorders,

thoracic outlet destruction syndromes, peripheral
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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, neuropéthy
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.

24. The method according to claim 20, 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
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, dapsormne,
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
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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.



