-1 COVPOUNDS POSSESSI NG NEURONAL ACTIVITY TECHN CAL FlI ELD OF THE | NVENTI ON
The present invention relates to conpounds, nethods and pharnaceuti cal
conpositions which possess 5 neuronal activity. The conpounds and
conpositions that can be used either alone or in conjunction with a

neur otrophic factor, such as nerve growmh factor, in methods for treating or
preventi ng neuronal danmage caused by disease or physical trauma. 10
BACKGROUND OF THE | NVENTION Neurol ogi ¢al di seases are associated with the
death of or injury to neuronal cells.™ For exanple, the |oss of dopam nergic
neurons in the substantia nigra is the basis for Parkinson's disease.

Al t hough the 15 nol ecul ar nechani sm of neurodegeneration in Al zheiner's

di sease is yet to be established, inflammtion. .. de psl%ipp of
bet a- anyl oi d protein andS8Y¥REYNRH RCagEAs ING - aronal function
or survival. In patients suffering frombrain ischenia or spinal cord 20

injuries, extensive neuronal cell death is observed. Currently, there are no
satisfactory treatnments for these diseases. L One approach to treating
neur ol ogi cal di seases involves the use of drugs capable a inhibiting
neuronal cell death. A nore recent approach involves the pronotion of nerve
regeneration by drugs which stinmulate neurite 5 outgrowth. Neurite outgrowth
may be stinmulated in vitro by

TECHNICAL FIELD OF THE INVENTICN

The present invention relates toc compounds,
methods and pharmaceutical compositions which possess
5 neuronal activity. The compounds and compositions that
can be used either alone or in conjunction with a
neurotrophic factor, such as nerve growth factor, 1in
methods for treating or preventing neurcnal damage caused

by disease or physical trauma.

10 BACKGROUND OF THZ INVENTION

Neurological diseases are associated with the
death of or injury to neuronal cells. For example, the
loss of dopaminergic neurons in the substantia nigra is
the basis for Parkinson's disease. Although the

15 molecular mechanism of neurodegeneration in Alzheimer's
disease 1s yet to be established, inflammation and
deposition of beta-amylold protein and other such agents
may compromise neurcnal function or survival. In
ratients suffering from train ischemia or spinal cord

20 injuries, extensive neuxonal cell death 1s observed.
Currently, there are no satisfactory treatments for these

diseases.



nerve growt h factors, such as NG-. For exanple, Gial Cell Line-Derived
Neur ot rophi ¢ Factor (GDNF) denonstrates neurotrophic activity both, in vivo
and in vitro, and is 10 currently being investigated for the treatnent of

Par ki nson's disease. Insulin and Insulin-like growh factors have been shown
to stinulate growmh of neurites in rat pheochronocytoma PCl2 cells and in
cultured synpathetic and sensory neurons [Recio-Pinto et al., J. 15
Neurosci., 6, pp. 1211-1219 (1986)]. Insukia and Insulin-like growh factors

al so stinulate the regeneration of inqued not or nerves in Yivg and in vitro
[Near et al., PNAS, pp. &% aRPRER D (FERFDNI i BHPF 48R eF-5F25%Br ai n

Res., 641, pp.; @?ﬁ?eé 1994) )se 29f SiFidardapathl Orobl ashigi evhl haerenhalFGF)
stinmulates neural proliferation [D. Gospodarowicz et_al., Cell Differ., 19,
p. 1 (1986)] awelhrdsrthR{M mOre\eegnietaPRICACH viDVOkVRE E)EORFRECRESD, 12,

p. 135 (1993)],¢ el alt?%err@.ﬁ’ﬂ’fén HEVEhH s diisAdy aBt 8E8Satd5nagsackated with

the use of nerve growth ctors for “treating neurol ogical diseases. They do
not readil$ ocruosErawtdibl ood-brain barrier. They are unstable in plasma. And

t hey have poor drug del iﬁ/eq{gj]trg cbqietrgtf'o h| ﬁfa\c}le\r/goé Yot ShER] 4+ OB! gﬁrk,g%rga¥gr been

shown to 30 stinulate axonal outgrow I'n 1ndividuals suf I ng
froma neurol e gicedsefadtnss,stsunl as NGF of heurexamplegr SWLhlmay

b “nerve ool 151 Far iy et AR FUCFETIHAHT, bUBobeREaELE! O
growt h of axonsewrt depidira tesst i witiyclbarle neurvies and in vitro, and is
10 currently being investigated for the treatment of
( Parkinson's disease. 1Insulin and Insulin-like growth
factors have been shown to stimulate growth of neurites
in rat pheochromocytoma PC1l2 cells and in cultured
sympathetic and sensory neurons [Recio-Pinteo et al., J.

15 Neurcsci., 6, pp. 1211-1219 (1986)). Insulin and
Insulin-like growth factors also stdimulate the
regeneration cf injured motor nerves in viveo and in vitro
[(Near et al., PNAS, pp. B85, 11716-11720 (1992); and
Edbladh et al., Brain Res., 641, pp. 76-82 (199%94)].

20 similarly, fibroblast growth factor (FGF) stimulates
neural proliferation [D. Gospodarowicz et al., Cell
Differ., 19, p. 1 (1986)] and growth [M. A. Walter et
al., Lymphokine Cvtokine Res., 12, p. 135 (1993)]).

There are, however, several disadvantages
25 associated with the use of nerve growth factors for
treating neurclogical 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
30 stimulate axonal outgrowth in vivo.” In individuals
suffering from a neurological disease, this stimulation
of neurite outgrowth may protect neurons from further
degeneration, and accelerate the regeneration of nerve

cells. For example, estrcgen has been shown to promote



sent out by nerve cells to communicate with each other in a devel oping or
injured adult brain [(C. Dom nique Tcran- Allerand et al., J. Steroid

Bi ochem Mol. Biol., 56, pp. 5 169-78 (1996); and B. S. McEwen et al., Brain
Res. Dev. Brain. Res., 87, pp. 91-95 (1995)]. The progress of Alzheiner's
di sease may be slowed in wonen who take estrogen. Estrogen is hypothesized
to conpl enent NGF and other neurotrophins and thereby hel p neurons 10
differentiate and survive. It has been reporied that conmpounds with an
affinity for the FK506 binding protein (FKBP) that inhibit that protein's
rotamase actlvg%g gE%QtBO%%eﬁﬁongeEH@ deawthr 8kl nWhatar yrachevkiyes[ Lyons et
al ., FNAS, 15 , Ppp. 3191-3195 (1994)%. Many of these such congoungsw al so
have i munosuppeBssPuE Bot NerVe. CEKLOGLPTEEFBPPAGEFE WAt nRARBsUpPFessfve
drug, has bee at.ed,t y kstirgahl y (M t bohGhi e sbkBHEati ng
neurite outgroaﬁggpgaégigbcgfl§ng§}§§IFéggtzg gensg#y gangliah[Lyons et al
(1994)). This @ddpoend kasalalsd.phEearehawAipghaB - nMBlapBaPAet | vB i RPf ocal
cerebral ischegba,pJ. 13885 keynangd, Ss.PucBUbRNet. ahal UbgaiB7ResDPpev336- 339
(1994)] and to increasé the'rate of axonal regenerat|ofm T tnjured sciatic
nerve [B. Col dBeeinl. Re§.. 83, NemroB8&r25 1599p)) - 758De1BrPI5955) L The use of
| MmN Uppr es s Y6 opuauads, scDoveNsy, nBagihukoys dbfehacks. chReaddition to
conprom si ng i nfmine function, prolonged treatnent with these conpounds can
cause nephrot oescirbgepKopptepgan. isJhyBotPerizedoto MEPREERENt 1NGH ango

é1991)], neurOgggggaheu982E8£B§nLPégﬁ Eﬁg§959 ﬁélﬁlneupbngng- J. Med., 31.7,

10 differentiate and survive. ‘

{ It has been reported that compounds with an
affinity for the FK506 binding protein (FKBP) that
inhibit that protein’s rotamase activity also possess
nerve growth stimulatory activity. [Lycns et al., PNAS,

15 1, pp. 3191-3195 (1994)]. Many of these such compounds
also have immunosuppressive activity.

FK506 {(Tacrolimus), an immunosuppressive drug,
hazs been demonstrated- to act synergistically with NGF in
stimulating neurite outgrowth in PCl2 cells as well as

20 senscry ganglia [Lyons et zl. (19945]. This compound has
zlso been shown to be neuroprotective in focal cerebral
ischemia [J. Sharkey and S. P. Butcher, Nature, 371, pp.

( 336-33%9 (1994)) and to increase the rate of axonal
regeneration in injured sciatic nerve [B. Gold et al., J.

25 Neurosci., 15, pp. 7508-16 (1995)].

The use of immunosuppressive compounds,
however, has obviocus drawbacks. In addition to
compromising immune function, prolonged treatment with
these compounds can cause nephrotoxicity [Kopp et al., J.

30 Am. Soc. Nephrol., 1, p. 162 (19%91)!, neurological

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

861 (1987)]) and vascular hypertension [Kahan et al., N.
Eng. J. Med., 321, p. 1725 (1989)].




861 (1987)] and vascul ar hypertension [Kahan et al., N. Eng. J. Md., 321,

p. 1725 (1989)]. 4 More recently, sub-classes of FKBP binding conpounds
which inhibit rotamase activity, but which purportedly |ack

I mmunosuppressive activity have been disclosed for use in stimulating nerve
growh [see United 5 -States patents 5,614,547; 5,696, 135; WD 96/ 40633; WO
96/ 40140; WD 97/16190; J. P. Steiner et al., Proc. Natl. Acad. Sci. USA

94, pp. 2019-23 (1997); and G S. Hanmilton g .al., Bioorg. Med. Chem Lett.,
7, pp. 1785-90 (1997)). Wile these conpounds supposedly avoid certain 10
unwant ed side effects of 'g%up ssivie- FKBPs BL ndk ngxeponpadndg, they
still bind to FKBP and f#%l it8§€ﬁpifbt%%§se ac??é[?y. Thi s Iatte? property
may still |eadcompoumdesihabheishileitf feteBagneacsisih¥r PYLesPERBP may pl ay
in mamal s. 15 Surprisingl it o) t SRk Bk haveFKBRD s not
necessary for ?ﬁiﬁé#éﬁaggt?%?ky?h%%ﬁ%%%%?hégsEﬁgtggt%?a?gs pat ent application
Serial Nos. 08474@ld€dd @B/ T46, an8snimudatyng, nezveaghodésicrisse URet§Se of

non- FKBP Rhi nding, non-j osupppesshvegcpgpounds {8r 920 29Ul &g ng nerve
growt h andgpﬁe$E$k?%gPa %E?%dégggéfgﬁ?bn§'ﬁgg'?ggfhe?r Igck of affinity for
FKBP, these cosgoumus0 adw@an®age6usPly avoFd Sngipereati al - i EEect.eMNdkde with

FKBP- associ at ed bi ochem pat Yy e-¢0 Ads 4 Rowever, inhibit
nul ti-drug 25'ﬁiﬁg%%é;é%;Q%EWIT?w?hﬁ%Ug%B?%hF i??gg gf gﬁe p- gl ycoprotein
and MRP. Wi | enahi Bppreaes 4haf BheorgsaMes. Ghemhodettenpdund®-néd&ssdfy to
stinmulate nerv?1§§9¥§h While these compounds supposedly avoid certain

10 unwanted side effects of immunosuppressive FKBP binding
{ compounds, they still bind to FKBP and inhibit its
rotamase activity. This latter property may still lead
to undesirable side effects due to other roles FKBP may
play in mammals.

15 Surprisingly, it is now known that binding to
FKBP is not necessary for neuronal activity. Co-pending
Ur.ited States patent application Serial Nos. 08/748, 447,
08/748,448 and 08/749,114 each describe the use of non-
FKBP binding, non-immunosuppressive compounds for

20 stimulating nerve growth and preventing
neurodegeneration. Due tc their lack of affinity for
FKBP, these compounds advantageously avoid any potential

( interference with FKBP-associated bicchemical pathways.
These compounds do, however, inhibit multi-drug

25 resistance (™™DR”) through inhibition of the p-
glycoprotein and MRP. While it appears that the dosages
of those compounds necessary to stimulate nerve growth
and prevent neurodegeneration are lower than those that
effect MDR, it would still be desirable to obtain

30 compounds which are specific for neuronal activity,
without other significant mechanisms of action.

Though & wide variety of neurological
degenerative disorders may be treated by stimulating

neurite outgrowth, there are relatively few agents known



and prevent neurodegeneration are |ower than those that effect MDR it would
still be desirable to obtain 30 conpounds which are specific for neuronal
activity, wthout other significant nmechani sns of action. Though a w de
vari ety of neurol ogi cal degenerative disorders may be treated by stinulating
neurite outgrowmh, there are relatively few agents known -5- to possess these
properties. Moreover, the newer non- imrunosuppressive conpounds have only
recently begun being tested in living organisns. Thus, there renmains a need
for new pharmaceutically acceptabl e conpounds_and conpositions 5 that have
the ability to stimulate neurite outgrowth and prevent neurodegeneration I n

patients wtho §?H§ ﬁggﬂ] n, Q- i Ler h FKBP
and wi thout affe nég ceIHI ular “pu I,etsl?usgh g&;&t gl yrco%r ot el n or r\\@ﬁ'lg
I nternational PuiunsRURDF 8B DR T uwids Ihesies il vl orepamid Yofbegwmpdwias t hat

have an af M1 nitoediala By 506,41 Wcj;p niRn & ARG iTHBIOSURIGRS TV @kl gt Y-
| nt er nati onal Publ i cat1 ons 7858 and WD 95/ 26337 each disclose a

gener a of conpdlﬂ’fﬂ@kfﬁﬁw Hlacd’teiPd'r abd\Fe comPoRds iand  coppPaREidionfem

12 (1969), .ttt R itgd QEeS i¥yhiee WrZam 15T € TRAURGES ARGt esion the
I nhibition of sheep red bl oo ceIIs I SIS by henol ysi.n and conpl.enent from
the guinea pi g.PTEAFAT 0§ péﬁ abr’é'g?ffh(ﬂ Ul (G54 he

synt hesi s of aﬂﬁmuﬂuynpyﬁegummirah&hbmm mmuanﬂeqmﬂgmwithsuWMNQﬁnGFwIHEout

|VERTICN 20, A s iR IS SN 1l Sl el caman (ha
Internatlonal Publication WO 92/21313 discloses a

10 genus of compounds that have an affinity for FK-506 binding
protein and immunosuppressive activity. International
Publications WO 94/07858 and WO 55/26337 each disclose a
genera of compounds possessing multi-drug reversal activity.
J. Med. Chem. 12 (1969), pp. 677-680 discloses synthesized

15 compounds and studies on the inhibition of sheep red blood
cells lysis by hemolysin and complement from the guinea pig.
Anal. Biochem. 129 (1983), pp. 502-512 discloses the
synthesis of a fluorescent substrate for porcine pepsin.

SUMMARY OF THE INVENTION
20 Applicants have identified several subclasses of
compounds that do not bind FKBP, do not inhibit MDR, but have
potent neuronal activity.
The term "“neurcnal activity”, as used herein,
includes stimulation of damaged neurons, promotion of
25 neuronal regeneration, prevention of neurodegeneration and
treatment of a neurological disorder. The compounds of this
invention have activity in both peripheral nerves and the
central nervous system.
Two of these subgenera fall within the genus of
30 compounds described in WO 92/21313. These compounds are

characterized by the formulae:



The term "neuronal activity", as used herein, includes stinulation of
damaged neurons, pronotion of 25 neuronal regeneration, prevention of
neurodegeneration and treatnment of a neurol ogical disorder. The conpounds of
this invegld &rol@dve activity in both peripheral nerves andpdimesssaesisr al
nervous system Two of these subgenera fall within the genus of 30-conpounds
described in WO 92/21313. These conpounds are characterized by the_fornul ae:
WD 99/ 10340 PCTIUS98/17516 - 6 0B OBJg (CF 1) mi NXA) nYOi=0K
Yi (I) DO=3%=0and D (Il) Two other subgenera of conpounds of this

i nvention have the formulae: OB J~N~(OM2)n "XXA ( )KAIT I I KYmMN)n Y

R3 (Il1l) and (1V) The invention also includes pharnaceutically accept abl e
derivatives of any of conpounds () through

\T,WYL A (ﬁ N

| 1)
b O=Ss=—=0

I

¥

and
(II)

Two other subgenera of compounds of this

( invention have the formulae: o B
o B
J\N/(CH,)nYLk)KI\A (T )I(J\A
'1*’3 K \l' N Y
3
(I11) and (IV)

The invention also includes pharmaceutically
acceptable derivatives of any of compounds (I} through
(IV).

In each of these cdmpounds, A and B are
independently selected from hydrcgen, Ar, (C;-C¢)-straight

{ or branched alkyl, (C;~-C¢)-straight or branched alkenyl or
alkynyl, (Cs-C-)-cycloalkyl substituted-(C;-Cs)-straight or
branched alkyl, (Cs—Cs}-cycloalkyl substituted- (C;-Cq) -
straight or branched alkenyl or alkynyl, (Cc-C-)-
cycloalkenyl substituted-(C,~Cg)-straight or branched
alkyl, (C:-Cs)-cycloalkenyl substituted-{C,-C;)-straight or
branched alkenyl or alkynyl, Ar-substituted- (C.~C¢)-
straight or branched alkyl, or Ar-substituted-(C,-C;)-
straight or branched alkenyl or alkynyl; wherein any one
of the CH: groups of said alkynyl, alkenyl or alkyl chains
in A or B 1is coptionally replaced by 0, S, 5(0), 5(0), or
N(R); wherein



(I'V). In each of these conpounds, A and B are independently selected from
hydr ogen, Ar, (Cl-C6)-straight or branched al kyl, (C2-C6) -straight or
branched al kenyl or al kynyl, (C5-C7)-cycloal kyl substituted-(C, -C;)-straight
or branched al kyl, (C5-C,)-cycloal kyl substituted-(C2-C6)- straight or
branched al kenyl or al kynyl, (C5-C,)- cycl oal kenyl ;
substituted-(C, -C6)-straight or branched alkyl, (CC )-cycloal kenyl-
substituted-(C2-C6)-straight or branched-allkenyl or al kynyl,
Ar-substituted-(C;-C6)- straight or branched al kyl, or Ar-substituted-(C
-06)- straight or branchedisl&ehedted &Hidmymydragestei iCiafy) oAETrasEREnheT CH. 2
groups of said al kynyl ., al ke r Kyl _ehaips__§ & A QF i § ionally
repl aced by 0, S, S?ér?cg‘f%)gy%ﬁﬂ V\fle) ?lész%éfeghrsi&&{“iss)* s%é??ggafrom

hydr ogen, (C, -C6)-sélleeml ar abrymehed al kyl, or (C2-C6) -straight or
branched al kenyl or alkynyl: Ar,is selgcted,f phel = hyhyl, 2 5
napht hyl , indenyl, azul Ifsfﬁﬁkﬁ%HVf;E%ﬁ¥ Hg%gﬁ§lﬁIQQRQ#h ?P3%furyl

2-t hi enyl, 53-t hi enyhaghflyyl dyindéhy pyra dyllenyl pyfliubrenyplyr rad yhraesevol yi ,

ot avolyl 1.2 o ke ol AU o BN ER R RS et SpEReel vl

1, 3, 4-thi adi azol yl ,pv{idyP, 4-ipymizdtlyl ,pyirHWrlox adiaeadiyll, thgzelyl,

LS trrat nyl s e oty R A SR ARy B Mg 5,
isoxazolyl, isothiazolyl, 1,2,3-oxadiazolyl, 1,2,3-

10 triazolyl, 1,2,3-thiadiazolyl, 1,3,4-thiadiazolyl,
1,2,4-triazolyl, 1,2,4-oxadiazolyl, 1,2,4-
thiadiazolyl, benzoxazolyl, pyridazinyl,
pyrimidinyl, pyrazinyl, 1,3,5-triazinyl, 1,3,5-
trithianyl, indolizinyl, indolyl, isocindolyl, 3H-

15 indolyl, indolinyl, benzo{b]furanyl,
benzo[blthiophenyl, 1H-indazolyl, benzimidazolyl,
benzthiazolyl, purinyl, 4H-gquinolizinyl, guinolinyl,
1,2,3,4-tetrahydr6-isoquinolinyl, iscquinolinyl,
1,2,3,4~tetrahydro-isoquinolinyl, cinnelinyl,

20 phthalazinyl, gquinazolinyl, gquinoxalinyl, 1, 6-
naphthyridinyl, peridinyl, carbazolyl, acridinyl,
phenazinyl, phenothiazinyl or phenoxazinyl or other
chemically feasible monocyclic, bicyclic or
tricyclic ring systems, wherein each ring consists

25 of 5 to 7 ring atoms and wherein each ring comprises
0 to 3 hetercatoms independently selected from N,
N(R), O, S, S(0), or S5(0); and wherein

each Ar is optionally substituted with one to
three substituents independently selected from

30 halogen, hydroxyl, nitro, -5S03H, trifluoromethyl,

trifluoromethoxy, (C:~C;)-straight or branched alkyl,
(C:-C¢) -straight or branched alkenyl, O-[(C.:-C.)-
straight or branched alkyl], 0-[(C,-C:)-straight or
branched alkenyl), O-benzyl, O-phenyl, 1, 2-



15 indolyl, indolinyl, benzo[b]furanyl, benzo[b]thiophenyl, 1Hindazolyl,
benzi m dazolyl, benzthiazolyl, purlnyl 4H qui nol i zi nyl, qui nolinyl,
1,2,3,4- tetrahydro |squ|noI|nyI |squ|noI|nyI :

1, 2, 3, 4-tetrahydro-isoqui nolinyl, cinnolinyl, 20 pht hal azi nyl , qui nazolinyl,
quinoxalinyl, 1, 8- naphthyridinyl, peridinyl, car bazol yl, acridinyl,

phenazi nyl, phenot hi azi nyl or phenoxazinyl or other chemcally feasible
nmonocyclic, bicyclic or tricyclic ring systéems, wherein each ring consists
25 of 5to |l ring atonms and wherein each ring conprises 0 to 3 heteroatons

i ndependent |y sel echegh{lefelioxM RN (8)) B*)5( @prboxy3(0P> dhdCwherei n each
Ar is optionally substituted wt hree_subs I_tyent; endent |y
sel ected from 30 hafbFengh EyaF09§PnCﬁFFr81LYio§ﬁ,Efr¢%|u%%%ﬁ%#ﬂ%ﬁ?
trifluoromethoxy, (&gﬁ&héaraugahym beapekenidbkyl N, Nl-d;i-CCG)=@i-rai ght or
branched al kenyl , - straight .or. branche -

0-[ (C2- Cs) - stralghtS FalﬁFEnEﬁeHrQPgBﬁglflE€3b8ﬁz§F%E AR £ - a-

met hyl enedizoxy, - N(RrifBRed ngEnyb,ch&b&&aﬁﬁdestrakght Cw-iﬂnﬂmdhﬂjaﬂ kyl or
C2-CS-straight or branched al keny I} carboxan1de%% %iﬁéfilstr ht or
branched al kyl or CF¥eBCBefapdkiloPTsCrraashed i ditei )brc?é"r déesn
-C5-straight or brapghgdamk Kek, of §2d§5'(§¥-r@-@htra(1rgmr @1 hachradHeany | )

sul f onam des, N, N-di - (Cl- C5- strai ht ar brancgﬁd eﬁ{ I - C5- stralght or
branched al kenyl ) éhk?én9ﬁ1€€§¥‘§6FGH@WFn?F ﬁ&éﬁ Apkeny

sulfonamides, morpholinyl, piperidinyl, O-2, CH;
10 (CHz) -2, O-(CH:)q-2, (CH;)q-2-0-2, or CH=CH-Z;

( wherein R' and R? are independently

selected from (C:~C¢)-straight or branched
alkyl, (C,-C¢)-straight or branched alkenyl or
alkynyl, hydrogen or benzyl; or whereln R; and

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

Z is selected from 4-methoxyphenyl, 2-
pyridyl, 3-pyridyl, 4-pyridyl, pyrazyl,

20 _ quinolyl, 3,5-dimethylisoxazoyl, 1isoxazoyl, 2-
methylthiazoyl, thiazoyl, 2-thienyl, 3-thienyl,
or pyrimidyl; and

g is 0, 1 or 2;
X is N, O or CH:

25 when X is N or CH, Y is selected from hydrogen, Ar,
{C;-Cs) -straight or branched alkyl, (C;-Cg)-straight or
branched alkenyl or alkynyl, (Cs-C;)-cycloalkyl-
substituted- (C;-C;)-straight or branched alkyl, (C:-Cy)-
cycloalkyl-substituted- (C;-C¢) -straight or branched

30 alkenyl or alkynyl, (Cs-C5;)-cycloalkenyl-substituted- (C.-
C:)-straight or branched alkyl, (C:-C;)-cycloalkenyl-
substituted- (C;~-Cs) -straight or branched alkenyl of
alkynyl, Ar-substituted- (C;-C¢)-straight or branched



10 (CH2)gq Z, 0-(CH2)qg-Z, (CH2)g-Z-O2, or CH=CH Z; wherein R and R2 are

I ndependently selected from (Cl-C6) -straight or branched alkyl,
(Ca-C6)-straight or branched al kenyl or al kynyl, hydrogen or benzyl; or
wherein R, and 15 R, are taken together with the nitrogen atomto which they
are bound to forma 5-7 nenbered heterocyclic ring; 2 is selected from

4- met-hoxyphenyl, 2- pyridyl, 3-pyridyl, 4-pyridyl, pyrazyl, 20 quinolyl,

3, 5-di net hyl i soxazoyl, isoxazoyl, 2- nethyltéiazoyl, thiazoyl, 2-thienyl,
3-thienyl, or pyrimdyl; and qis O, 1 or 2; Xis N, Oor CH 25 when Xis

Nor CH Y is selaeted.f remdhpdradehedAr(c,-(O-H=ighai ghtoxendranched
al kyl, (C7-C6) -straight or branched al kenyl or al kynyl, (C5-C7)lcycloalkyl-

subst i t ut ed- ( C;aldenykt g gR&YSY 6r anched al kyl, (C -C,)-

cycl oal kyl - substi t utgdy( & &6, sty isglat 19mebpanehed 20 eldeymd: or al kynyl,
(C5-C,)-cycl oal kenyl -substituted- (C - C-)-straight or branched al kyl, (G
-C,)-cycl oal kenyl - SuBst i%utle®X( &¢- C6) - strai ght or branched al kenyl of

al kynyl , A—-substit%%g%-ggllcgk-ggraight or branched 9 alkyl, or

Ar - subst it ufed- (Cc2- -straight or branch'd al kenyl or al kynyl; when X is

0, Yis a |one pair roft &l d&t A68S; thani 4 @nd) ggeazersthans &4, 1 or 2;
the indicated ring in formulae II and IV is

saturated, partially unsaturated or unsaturated:;
1 to 2 carbon atoms in the ring in formulae II and
10 1V are optionally replaced with a hetercatom _
(‘ independently selected from C, S, S(0), S(0), or NR; and
said ring in formula II and IV is optionally
benzofused.

J is selected from hydrogen, (T;-Cg)-straight or

15 branched alkyl, (C;-C¢)-straight or branched alkenyl or
alkynyl, Ar-substituted- (C.-C;)-straight or branched
alkyl, Ar-substituted-(C;-C¢)-straight or branched alkenyl
or alkynyl, or cyclohexylmethyl;

K is selected from (C;-C¢)-straight or branched

20 a2lkyl, Ar-substituted- (C:-Cs)-straight or branched alkyl,
(C:-C:)-straight or branched alkenyl or alkynyl, Ar-
substituted- (C,-C¢) -straight or branched alkenyl or

( alkynvl, or cyclohexylmethyl; wherein any one of the CH;
groups of said alkyl, alkenyl or alkynyl chains in K is

25 optionally replaced by O, S, S(0), S{0); or N(R);

D is selected from is selected from Ar, (C;-C¢)
straight or branched alkyl, (C.-C¢) straight or branched
alkenyl or alkynyl, (Cs—C-) cycloalkyl substituted (C;-Csg)
straight or branched alkyl, (C:-Cs) cycloalkyl substituted

30 (C:-C;) straight or branched alkenyl or alkynyl, (C.~Cy)
cycloalkenyl substituted (C;-C¢) straight or branched
alkyl, (C:-C+) cyctloalkenyl substituted (C;,~C¢) straight or
branched alkenyl of alkynyl, Ar-substituted (C;-C¢)



n+ mis less than 4 and greater than 0; the indicated ring in fornulae |
and IV is saturated, partially unsaturated or unsaturated; 1 to 2 carbon

atons in the ring in formulae Il and 10 IV are optionally replaced with a
het eroat om i ndependently selected fromO0O, S, S(0), S(O2 or NR and said
ring in formula Il and IV is optionally benzofused. 2 is selected from

hydr egen, (Cl-C6)-straight or 15 branched al kyl, (C2-C6)-straight or
branched al kenyl or al kynyl, Ar-substitutedg(C. -C6)-straight or branched
al kyl, Ar-substituted- (C2-C6) -straight or branched al kenyl or al kynyl, or

cycl ohexyl net h¥%ra b 8l BebREnbHOM k61, CBY- Ak Faugst 10urheanchen, 20 al ky
Ar-substituted-(Cl )-straight or branched alk SCQ C6) -strai ght or
branched al kengtraightkgryPranghedyBdkeplt e8F ( k@ﬁy étrai ght or branched

al kenyl ~or al kynyl yp, EeEMCJﬁﬁpeesMUrsth%e Pher @l SuBdyo HNEa O htneyEHZ gr oups
of said al kyl, alkeny chains in Ki1s 25 optionall % ced by O,

5, S(O), 5(0)2CbalN§R}n D pthes) ééﬁédt\“?oﬁ??stgéFeét'seﬂlFFGﬁ'll

strai ght ! chg Y ¢0) s'std HHa Ory b eprihedd aykeny$ osoal kynyl
(Cs-C7) cyc ?Q su%!sét(létcuteﬁ € ﬁstral gh){' or branched al kyI,

cycl oal kyl subS@*tQﬂeﬂB(ﬂ) (G-GC) stralght or branched al kenyl or al kynyl,

(G-Cn cyeioal kerg %gsttwlsgrg% 3r Shiahahibaok Ryanched al kyl,
(Cf-C7) cycloalkeny su ‘t ufed straight or branched aIkenyI of
al kynyl , Ar-subsbbtiteted€iCe8)s) ~stFaighitapghbIan ahesh@idy Jal KiH:C

Ar-substituted é?@:&ﬁ% or branched alkenyl or alkynyl, or RAr-
10 substituted- (C;-Cs¢)-straight or branched alkenyl or
( alkynyl; wherein any one of the CH; groups of said alkyl,
alkenyl or alkynyl chains in R' is optionally replaced by
0, S, 5(0), 5(0); or N(R); and wherein any one of the CH:
groups of said alkyl, zlkenyl or alkynyl chains in R’

15 except the CH; group bound to nitrogen, is opticnally
replaced with C{(0), with the proviso that in formula II,
when n is 0 and m 1is 1, the second CH; group in the alkyl
chain of R?® is not replaced with C(©).

The compositions disclosed herein comprise a

20 compound of this invention, a carrier, and optionally, a
neuronal growth factor.

The methods of stimulating nerve growth and
preventing neurodegeneration disclosed herein employ the
above compounds either alone or in combination with a

25 neurconal growth factor. The methods are useful in
treating or preventing nerve damage caused by various
neurological diseases and physical traumas and also in ex

vivo nerve regeneration.

DETAILZD DESCRIPTION OF THE INVENTICON

30 Applicants have discovered diverse genera of

compounds with neuronal activity which do not bind to
FKBP, and which do not have multi-drug resistance

reversal activity. Without being bound by theory,



straight or branched al kenyl or al kynyl; wherein any one of the CH2 groups of
said alkyl chains in D other than the one that is directly bound to 5 SO
in the conpound, is optionally replaced by C, S, SO, SO 2 or NR R is
(C1l-C6)-straight or branched al kyl, Ar- substituted-(C, -C6)-straight or
branched al kyl, (C2-C6)- straight or branched al kenyl or al kynyl, or- Ax 10
substituted- (C2-C6)-straight or branched al kenyl or al kynyl; wherein any one
of the CH2 groups of said al kyl, alkenyl -ornial-kkynyl chains in R is
optionally replaced by 0, S, 5(0), 5(0)2 or N(R); and wherein any one of the
CH2 groups of 33l &lded pelieaiy et ahley epimpehaicss discR3sed exceptist he CH2
group bound to ni'trogen, is optionaL&y replgﬁed Wi .t h C(g&,.mﬁth %q% provi so
that in fornmul ®AALiCAHED BX&F 10 thed ImPedTPRaln actdddnd EM 1HFEE5 Sith St he

al kyl  chain ofc\R3d1% 0l et asesk e e Gds . Thrieonposl ikelns abmicwesed
herein conprise”a 20 conpound of this invention, a carrier.lt and ORLL,naIIy,
a neuronal gr&W HITTRIAGT 1 OThe SIS dE15E St CruRRErAG Sher Ve t8r BwFRIAAE™

preventing geurQdeganeraldreidi stiosed heeeiryapppliny tleeepabevercemeounds
either alone or In conbination with a 25 neuronal %rowﬁh factor.. ghe net hods
are useful in imcsdalg lord prévamANRGPREtEe FESFRGE T e adBe dPEy SPEPPIGS™ C

neur ol ogi cal di,$83%683,aN¢ PPRE GRrvler 2@1@s and also in ex vivo nerve
regenerati on. TAI LED DESCRI PTI ON OF THE | NVENTI ON 30 plicants have

di scovered di verse gener Fho¥s: EGRSGEHAS KOt BRRe GRBRZA™EEE viERE whi ch do not

bind to invention provides a method of stimulating nerve growth
10 or preventing neurodegeneration by contacting nerve cells
( with a compound that:
a. increases cytoplasmic Ca’ concentration or
binds to the ryanodine receptor;
b. does not bind to FKBP; and
15 c. does not possess MDR reversal activity.
According to a2 related embodiment, the present
invention provides a compound that:
a. has neuronal activity;
b. increases cytoplasmic Ca“ concentration or
20 Dbinds to the ryanodine receptor:;
c. does not bind to FKBP; and
d. does not possess MDR reversal activity.
The term “increases cytoplasmic Ca”
concentration”, as used herein means a detectable
25 increase in channel current recorded in the single
channel recording assay described below in the presence
of such a compound as compared to an appropriate control.
ARlternatively, the term “increases cytoplasmic Ca®
concentration”, &as used herein means a detectable shift
30 1in the fluorescence spectrum in the cell assay described
herein.
The term “binds to the ryanodine receptor”, as

used herein, means that the compound specifically



FKBP, and which do not have multi-drug resistance reversal activity. Wthout
bei ng bound by theory, applicants believe that the conpounds disclosed in
this application exert their neuronal activity by increasing cytoplasmc
Ca'' concentrations. This is likely achieved by interaction, either direct
or indirect, with a calciumb5 rel ease channel, such as the ryanodi ne receptor
or the inositol 1,4,5-trisphosphate receptor, in the endoplasmc reticulum
of the nerve cell. Thus, according to one-enipodi nent, the invention provides
a nmethod of stinulating nerve growmth 10 or preventing neurodegeneration by
contacting nerygqeeldes WMt 136N d-#indind Y efsasc £otap! Asndige Cat ’
concentration or “binds to thé ryanodine receptor; b. does not bi hd t o FKBP;
and 15 c. does assRYpEESEFsheoRbed@d-sal activity. According to a related
embodi ment, the present iylveRLOR JYeQVindeS A neommatd thatused Hease freur onal
activity; b. increases cytoplasmc Ca" concentration or. 20 binds to the
ryanodi ne recepeans ¢hatoddiensompiondc GemeBEtIat@sd.a ddeLhot? p8s<Rss MR
reversal aciiVit¥qreth§ ol @Myelaler 8A3€S Y HRP 3T ik s 1 nh AN M d Hfs . as
used herein nmeans a detectable 25 increase in channel current recorded in the
si ngl e channeldessgdbgichedoxay descri bed bel ow in the presence of such a
conpound as conpared to a ARRFAPHRES G Hlssesd MR Ad v da1 the term

"increases cytoplasmc Ca' ] _
activity”, as used herein means that at a concentration

of 2.5 uM, the compound has an MDR ratio of less than
10 7.0, and preferably less than 3.0 in at least one of the
( MDR assays described below.

Single-channel recording experiments are useful
to determine if the compounds ¢f this invention cause the
requisite increase in cytoplasmic Ca®’ concentration.

15 These experiments are conducted as described in E. Kaftan
et al., Circulation Research, 78, pp. 990-887 (1996), the

disclosure of which is herein incorporated by reference.

Single channel recordings are conducted under voltage
clamp conditions with a pair of Ag/AgCl electrodes

20 contacting the solutions via CsCl junctions. Vesicles
are added to the cis chamber and fused with planar lipid
bilayers composed of phosphatidylethanolamine/

{ phosphatidylcholine (3:1, 30 mg/ml in decane, Avanti

Polar Lipids). The trans chamber contains 250 mM HEPES

25 and 53 mM Ba(OH);, pH 7.35; the c¢is chamber contains 250
mM HEPES-Tris pH 7.35. Compounds dissolved in methanol

are added to the ¢is chamber. Channel currents are



concentration”, as used herein neans a detectable shift 30 in the
fluorescence spectrumin the cell assay described herein. The term"binds to
t he ryanodi ne receptor”, as wused herein, neans that the conpound _
specifically 12 conpetes wth ryanodine for binding to mcrosonmes i | n the
assay described below. The term "does not bind FKBP', as used herein neans
that the conpound denonstrates a Ki of 10 uMor 5 greater in at |east one of
the rotamase inhibitory assays described bgiow. The term "does not possess
MDR reversal activity", as used herein neans that at a concentration of 2.5

bM the compougg has;an NBR-GaLi g phyd LS diaNrdD) 7 psgbeyably |ess

than 3.0 in at one assays descrlbed be ow. Si ngl e-channe
recordi ng expeRemepatrslnserupents) anddeeceerder ¢ VHe wapgolfREedf this

I nvention caus$ LE reguisi Leel PE{ £ESES Ith CH i;%}ig{n5bfgu59§9@peﬂ11@gfon

1 5 These experi s are conducted as descri Kaftan et a
Circul ati on ResEaeghenZB, Dppic@9D-0975¢UIIB) didietizhEAsUrEHdf which is

inder ol t Ao FEPARECEERE] FbchoBereobdl CorBlBE SEE Uy ke LB ct o
contacting thepSbémpi vassvea €U (fxprctirarsrunasi<) es Sm@%d@é@m@l the cis
bhosphat | dyl et REnST amt e L Braehhats ANRo ] i T Fleh someownd o
Avanti  Pol ar topdds:)ontl'he trans chanber contains 250 niV HEPES
Ryanodine binding may be measured by incubating
10 microsomal protein with *H-ryanodine in buffer containing
( 36 mM Tris pB 7.2 and 50 mM KCl in the absence or
presence of test compounds. Controls for maximum binding
were done in the presence of 0.72 mM ATP and 36 uM CaCl..
Nonspecific binding was measured in the presence of 25 uM

:5 unlabelled ryanodine. Binding reactions were incubated
for 2 hours at room temperature, and then centrifuged for
15 minutes at 30,000 x g. The pellets were solubilized
and the radiocactivity was measured by scintillation
counting.

20 Alternatively, the flux of cytoplasmic Ca‘ into
the cell can be followed flucorescently. For example,
neuronal cells can be incubated with NGF and a calcium

( binding fluorescent dye, such as Fura-2, in a calcium-
containing buffer. Cells are imaged continuously both

25 Dbefore and after the addition of a test compound of this
invention. The difference in fluorescent intensity
before and after the addition of compounds is then
plotted as a ration of fluorescence units at 340 nm and
380 nm.

30 Testing a compound of this invention to confirm
that 1t binds to FKBP12 with a Ki of 10 pM or higher may
be achieved using several assays known in the art. In
particular, those compounds may be assayed for their

ability (or lack thereof) to inhibit rotamase. Examples



25 and 53 MM Ba(OH):, pH 7.35; the cis chanber contains 250 M HEPES-Tris pH
7.35. Conpounds dissolved in nethanol are added to the cis chanber. Channel
currents are 13 anplified using a bilayer clanp anplifier (BC 525A, \Warner
I nstrunents) and recorded on VHS tape (Dagen Corp.). Data are filtered to an
ei ght-pol e Bessel filter (Frequency Devices) to 500 Hz, digitized at 2 kHz,
5 transferred to a personal conputer, -and analyzed with pCdanp version 6.0
(Axon Instrunents). Single channel recordings are done at least 3 tines for
each conmpound condition. Ryanodi ne binding may be neasured by incubating 10

m crosomal protein w ' | o f & ors O o > S6cadhdeis pH 7.2
and 50 nM KC1 i(# t%%gééggseﬁéygﬁ@%r%%%nc.e oflteos_t conmpounds. Controls for

maxi mum bi ndi ngecwieric Wonee ithase n eduimte Wie O Somedi 28 Q_RdC B62HM CaCl2.
Nonspeci fic bi nding was yeagur 1 th £?§?“Qi £on1h Moo Uphabel | ed
ryanodi ne. BimﬁTﬁ#ﬁ%ﬁ%ﬁ?ﬁns\£§%§€ncu§g?%§§ r 2 %ours at room tenperature
and then centrifigexhrfioride 5-n nat &5 lawed, oc tr gphatemeier 1 @@ 5l viefd. W.

20 Al'ter nat Puol IS Ao dASHEs FEPCHT HeSE TSR OB F0TI Moved
fluorescently. Foskiexaplet aheurarureel 34l capp be’chbat 28 t eMES and a
buf fer - ol s, afe THIGGE ot bt ot bathobs 2} b & and 2y ¢ e ¢ Feo ol 1 on
of a test conporhel asdihiincliudeent tlom.cilhef aiit fef erive substratescBBP12,
i ntensity the compound to be tested and chymotrypsin. Chymotrypsin
10 is able to cleave p-nitroanilide from the trans form of
{ the substrate, but not the cis form. Release of
p-nitroanilide is measured.
Other FKBP binding assays include a competitive
LE20 binding assay using labeled FK-506 as a reporting
15 ligand. These have been described by M. W. Harding et
al., Nature, 341, pp. 758-60 (1989) and by J. J.
Siekierka et al., Nature, 341, pp. 755-57 (1989).
To determine whether a compound according to
this invention has the requisite MDR ratio below 7.0, any
20 of the assays deséribed in United States patents
5,543,423, 5,717,092, 5,726,184 or 5,744,485, the
disclosures of which are herein incorporated by
{ reference, may be utilized.
In particular, cell lines which are known to be
25 resistant to a particular drug are employed. These cell
lines include, but are not limited to, the L1210, P388D,
HL60 and MCF7 cell lines. Alternatively, resistant cell
lines may be developed. The cell line is exposed to the
drug to which 1t 1s resistant, or to the test compound;
30 cell viability is then measured and compared to the
viability of cells which are exposed to the drug in the
presence of the test compound (“™MDR ratio”).
According to one embodiment, the invention

provides a compound of the formula:’



before and after the addition of conmpounds is then plotted as a ration of
fluorescence units at 340 nmand 380 nm 30 Testing a conpound of this
invention to confirm that it binds to FKBP12 with a Ki of 10 JI M or higher
may be achi eved 4sing several assays known in the art. In particular, those
conpounds may be assayed for their ability (or lack thereof) to inhibit
rotamase. Exanples - 14 of assays that neasure inhibition of FKBP12 rotamase
activity are those in which the isonerizatiign-of an artificial substrate --
N-succi nyl - Al a- Al a- Pro-Phe-p- nitroanilide -- is foll owed
spectrophotonetrically [M VW 5 Hgrding et al., Nature, 341, pp. 758-60
(1989); by J. J. Siekierka gt al.}, Nature, 341, pp. '755-57 (1989); and S.

T. Park et al.; J. Beal,. Ch , 28, pp. 3316-24 (1992);. The assay includes
the cis form of twé substwate, BPI2, the conpound to be tested and
chynotrypsin. Chyhotrypsin 10 ik able to cleave p-nitroanilide fromthe trans
formof the RAEBIFEPe, bHt notYthe cis form Release of p-ritroanilide is
measured. O her bi ndi pgy assays include a conpetitive LH20 binding assay-
usi ng | abel ed FK-806 as a reporting 15 |igand. These have been described by
M W Harding and phlarmaqetgicaldy1 acsgpr 6Ger o83 VATd HETLECL). S ekierka
et al., Natureg,.34L,.pp. 755-57 (1989). To determ ne whether a conpound
according to thi's Tnvention has the requisite MOR ratio below 7.0, any 20
of the assays descd Bad Bnagsi tagdeperdedtda selecteg $rom hysdrpgemgo,

>, 7126, 184 sor §hz4ﬁ£§855)igﬁ%aight or branched alkyl, (C;-C¢)-straight or
braznched alkenyl or alkynyl, (C5-C7f-cycloalkyl

( substituted- (Cy~Cq¢)-straight or branched alkyl, (Cs-C-}-
cycloalkyl substituted- (C;-Ce¢}-straight or branched
alkenyl or alkynyl, (Cs~C-.)-cycloalkenyl substituted-(C.-

10 C.)-straight or branched alkyl, (Cs-C-)-cycloalkenyl
substituted- (C;~Cs)~-straight or branched alkenyl or
alkynyl, Ar-substituted- (C;~C¢)-straight or branched
alkyl, or Ar-substituted- (C,-Cq¢)-straight or branched
alkenyl or alkynyl; wherein any one of the CH. groups of

15 said alkyl, alkenyl or alkynyl chains in A or B is
optionally replaced by O, S, S(0), S({0); or N(R); wherein

R is selected from hydrogen, (C.-C:}-straight or
branched alkyl, or {(C;-C¢)-straight or branched alkenyl or

( alkynyl: _

20 Ar is selected from phenyl, l-naphthyl, 2-naphthyl,
indenyl, azulenyl, fluorenyl, anthracenyl, 2-furyl, 3-
furyl, 2-thienyl, 3-thienyl,2-pyridyl, 3-pyridyl, 4-
pyridyl, pyrrolyl, oxazolyl, thiazolyl, imidazolyl,
pyraxeclyl, 2-pyrazolinyl, pyrazolidinyl, isoxazolyl,

25 isothiazolyl, 1,2,3-oxadiazolyl, 1,2,3-triazolyl, 1,3,4-
thiadiazolyl, 1,2,4-triazoelyl, 1,2,4-oxadiazolyl, 1,2,4-
thiadiazolyl, 1,2,3-thiadiazolyl, benzoxazolyl,
pyridazinyl, pyrimidinyl, pyrazinyl, 1,3,5-triazinyl,
1,3,5-trithianyl, indelizinyl, indolyl, isoindolyl, 3H-

30 indolyl, indolinyl, benzo[b])furanyl, benzo[b]thiophenyl,



di scl osures of which are herein incorporated by reference, nmay be utilized.

In particular, cell lines which are known to be 25 resistant to a particul ar
drug are enployed. These cell lines include, but are not limted to, the
L1210, P388D, HL60 and MCF7 cell lines. Alternatively, resistant cell |ines
may be devel oped. The cell line is exposed to the drug to which it is

resistant, or to the test conpound; 30 cell viability is then neasured and
conpared to the wviability of cells which-are exposed to the drug in the
presence of the test conpound ("MDR ratio"). According to one enbodi nent, the

i nvention provyudes dze9yRoubenetnthg zbakml BenzthiazOlyTHl ptr iNyX ,A4H=5=0 K
Y L (1) and pharmaceutically acceptable derlvatlves t ereof wherein: A and B

are i ndependenBly}neiadpyd: fﬂHﬁPH}dPﬁéen 4-tetréfySEPrai ght or branched

al kyl, (C2-C(, zs%ghahg@anw @%é&ﬁhﬁél@hwnyh or 3alkyeylrani/@ros, ) - cycl oal kyl
subst i t ut ed- (c1 “straight or branched clo IkyI

subst i t ut ed- (czsesyl§p#anght 6inpPAABNEd P§F§639&18¥1alﬁyﬁ azo inyl

(&-C)-cy h %H&kasﬂg bi tyt @dnp ht%%6§§1n§&raﬁgb&d95yhra&@b@azﬂlwm”
(C5-C,)-cycl oal’kenyl sfltute - -stiaight _or branched al kenyl or
al kynyl , Ar-substﬂﬁ&ﬂ&&+ pioenegyiny urabgﬁptbﬁagﬂaméhea phenoxazinyl or

other chemically feasible monocyclic, bicyclic or
tricyclic ring systems, wherein each ring consists of 5
to 7 ring atoms and wherein each ring comprises 0 to 3
10 heteroatoms independently selected from N, N(R}, O, S,
( S{0), or S({0Oj, and wherein
each Ar is optionally substituted with one to three
substituents independently selected from halogen,
hydroxyl, nitro, =SO0:H, trifluoromethyl, trifluoromethoxy,
15 (C,-Cs)—-straight or branched alkyl, (C;-Ce¢)=~straight or
branched alkenyl, 0-{(C;-C¢)~straight or branched alkyl),
O-[(C.-C¢)-straight or branched alkenyl], O-benzyl, O-
phenyl, 1,2-methylenedioxy, -N(R®) (R®), carboxyl, N-(C;-C.~
straight or branched alkyl or C;-Cy-straight or branched
20 alkenyl) carboxamides, N,N-di-(C.-C.-straight or branched
alkyl or C:-Cs-straight or branched alkenyl) carboxamides,
- (C.-C.~straight or branched alkyvl or C,-Cs-straight or
( branched alkenyl) sulfonamides, N,N-di- ((C,-Cs-straight or
branched alkyl or (C,-Cs-straight or branched alkenyl)
25 sulfonamides, morpholinyl, piperidinyl, 0-2Z, CH;-(CH;).,~2,
- (CH;) -2, (CH:)q-2-0-2, or CH=CH-Z;
wherein R' and R’ are independently selected
from (C,-Ce¢)-straight or branched alkyl, (C,~C¢)-
straight or branched alkenyl or alkynyl, hydrogen or
30 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;
Z is selected from 4-methoxyphenyl, 2-pyridyl,
3-pyridyl, 4-pyridyl, pyrazyl, gquinolyl, 3,5~



al kyl, or Ar-substituted- (C2-C6) -straight or branched al kenyl or al kynyl;
wherein any one of the CH2 groups of 15 said al kyl, al kenyl or al kynyl chains
in Aor Bis optionally replaced by 0, S, S(0), S(O2 or N(R; wherein Ris
sel ected from hydrogen, (C.-C6)-straight or branched al kyl, or (C2-C6)
-straight or branched al kenyl or alkynyl; 20 Ar is selected from phenyl,

1- napht hyl, 2-naphthyl, indenyl, azulenyl, fluorenyl, anthracenyl, 2-furyl,
3- furyl, 2-thienyl, 3-thienyl, 2-pyridyl - 3%pwidyl, 4- pyridyl, pyrrolyl,
oxazolyl, thiazolyl, imdazolyl, pyraxolyl, 2-pyrazolinyl, pyrazolidinyl,

i soxazol yl, 25 ISOQnﬂ%ﬁﬂ Ibsdhékéglpaﬂhdxhﬂqyl” - ﬁﬁ&dyhuhmﬁaﬂv-,l 3, 4-

thladlazolyl 1,2, 4- trlazolyl 4 ox di_.azo 4- thiadia I
1, 2, 3-t hi adi azol yI ,thH&#Waz y‘1 %rhﬂny lpyrqr 1 r‘?ynf‘ca(éyr;a%dynyl

1,3,5-triazinyl, 1 3, 5¢ rid o arnylor |2n;dol i zinyl, indolyl, isoindolyl, 3H 30
indonI, |ndoI|nyI benzo[ b furan&1 benzo[b]thlophenyl - 1E 1H—indazo|y|,
benzi m dazol yl , beﬁ%ﬂﬁi&%ol |or ﬁh ny 4 - qU|noI|Z|nyI qui nol i nyl

1,2, 3, 4-t er ahydr O~ esQGYi R .14 30@H TARNYl, ik %,efi,e‘bﬂeei rfakbytﬂro-

|squ|noI|nyI ci nnol i nyl, phthal azi nyl U|nazoI| 5 gui liny],
1-, B—naphtrnnhxﬂﬁﬂﬂen'p@#VdNﬁyrcéba§¥%é%ﬂ%% {hﬁil yFs) -

phenot hi azi nyls r, RARNGKAH MY éltm{ylcmmaqac'ﬂn&ylf eagi,bte) +onocycl i c,
bi cyclic or trlcyc |c r| & syst ens wherein each ring consists of 5 to 7

ring atoms and¥eh&d St fesipiCi s T HRR N FetRraRahem alkyl,
i ndependent | 'y (%‘?Léi?)t-eéjyéic‘}t{‘i}i\bli\&ﬁ)stﬂau@d— &,0r,) 05t Sh OyRt apd wher @iy

10 alkenyl or alkynyl, (Cs-Cs;)-cycloalkenyl-substituted-{(C)~
{ Ce¢)-straight or branched alkyl, (Cs-Cv)-cycloalkenyl-_
substituted- (C;~Cs)-straight or branched alkenyl of
alkynyl, Ar-substituted-(C,-Cs)-straight or branched
alkyl, or Ar-substituted- (C;-C¢)-straight or branched

15 alkenyl or alkynyl;

when X is O, Y is a lone pair of electrons;

K 1s selected from (C;-C¢)-straight or branched
alkyl, Ar-substituted- (C;-C¢)-straight or branched alkyl,
(C.-C;)-straight or branched alkenyl or alkynyl, Ar-

20 substitured-(C;-Cy;)-straight or branched alkenyl or
alkynyl, or cyclohexylmethyl:; wherein any one of the CH.
groups of said alkyl, alkenyl or alkynyl chains in K is

( optionally replaced by C, S, S(0), S(0); or N(R):

n is ¢, 1 or 2;

25 J is selected from hydrogen, (C:-Cg)-straight or
branched alkyl, (C;-C¢)-straight or branched alkenyl or
alkynyl, Ar-substituted-(C;-C¢)-straight or branched
alkyl, Ar-substituted-(C,-Cs;)-straight or branched alkenyl
or alkynyl, or cyclohexylmethyl; and

30 D is selected from is selected from Ar, (C:-Cs)
straight or branched alkyl, (C;-C;) straight or branched
alkenyl or alkynyl, (Cs-C-) cycloalkyl substituted (C.-C¢)
straight or branched alkyl, (Cs-C-.) cycloalkyl substituted
(C;-C¢) straight or branched alkenyl or alkynyi, (Cs=CA)



each Ar is optionally substituted with one to three substituents

| ndependent|y. sel ected from hal ogen, hydroxyl, nitro, -503H,
trifluoronmethyl, trifluoronethoxy, 15 (C, -C6)-straight or branched al kyl,
(C2-C6) -straight or branched al kenyl, O[(C -C6)-straight or branched _
al kyl), O-[(C2-C6)-straight or branched al kenyl), 0-benzyl, 0- phenyl,

1, 2- et hyl enedi oxy, -N(R ) (R2), carboxyl, N (C -CS- straiaht or branched
al kyl or C2-C5-straight or branched 20 alkenyl) carboxam des,

N, N-di - (C. -CS-strai ght or branched alkyl or C2-C5-straight or branched

al kenyl) carb L Lk
Cc2- C5ys%ra| gh'?cx)gér?ﬂd‘ig'L enc%i\l_d&%ieny erdal&h cof Q{ggﬁ%@ Brafthed

ran sul f onani des gC Co-strai ght or
branched al kylaldqleZ =St} atghlo@lrk@lé]nc!’ﬂ\é%ﬁ%ﬂk‘éﬁ?qj) (05 G| F6REHISs OF

mor phol i nyl \ 0- 4y — 2) Z-O-Z, or
CH=CH Z; V\:hEI‘EI n- h%dqdéllﬁega)zle m% e}nt I%y ssglde%ie%&% O%QH%) ?06) -straight

or branched alsoria’ gha2- m)b’@qlmcbmlkml:an@#ew%WtQﬁ %ﬁ“lq?nill hydr ogen

or 30 benzyi; \4%3[ § k gahiar: Widreddeady téogen atom
to which t ey s;%;rea torTorm a a@k&} #felrrb%re}reagL het'er'ocycl |ecl ri nrw Z1s
sel ected fromodf— neteh SHepgeoyps 2ipgridyalkyd- phriagl 1n4Dp9|they'| t?Wr

lyl, 3,5 h o hybth nat i
2t nienyl, 5 (B o Syl SRR Ko S0apTh ¥ 5BAG b ne ,Hlsaé(r)yc (A ;

5 - wherein Wogrt nissl Iy arepl(@R)ed by @:s@;eét(hd S‘O~onr NRdr ogen, Ar,

(CL-C8)-straight or brangheg, alse (Gl Gbiodidll 9%s Folaiened 21 keyy! or
al kynyl, (C5-C,) -

10 B are not simultanecusly hydrogen. Even more preferred
{ is when at least one of A or B is a (C;-C¢)-straight alkyl
terminally substituted with Ar (which itself 1is
substituted or unsubstituted). More preferably, at least
one of A or B is a (C;-C¢)-straight alkyl terminally

15 substituted with pyridine (which itself substituted or
unsubstituted).

According tc another preferred embodiment of
formula I, X is nitrogen or oxygen.
In another preferred embodiment of formula I, J

20 is a (Cy-C3)-straight alkyl.

In yet another preferred embodiment of formula
I, K is an Ar-substituted (C,-Cy)-straight alkyl. More
( preferred is when K is a (C;-Ci}-straight alkyl tefminally
| substituted with an unsubstituted phenyl.

25 According to another preferred embodiment of
formula I, D is is selected from (C;-C¢) straight or
branched alkyl, Ar, Ar-substituted (C.-C¢) straight or
branched alkyl, Ar-substituted (C:-C:;) straight or
branched alkenyl or alkynyl, or -CH;-5(0).-(C;-C;) straight

30 or branched alkyl.

More preferably, D is selected from
aminophenyl, nitrophenyl, isopropyl, benzyl,

fluorophenyl, cyanophenyl, methoxyphenvyl,



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

-C,)-cycl oal kyl -substituted-(C2-C6)-straight or branched 10 al kenyl or

al kynyl, (C5-C,)-cycl oal kenyl -substituted-(Cl- C6)-straight or branched

al kyl, (C5-C,)-cycl oal kenyl - substituted-(C2-C6)-straight or branched al kenyl
of alkynyl, Ar-substituted-(C, -C6)-straight or branched alkyl, or.- .
Ar-substituted-(C2-C6)-straight or branched 15 al kenyi or al kynyl; when X is
O, Yis alone pair of electrons; Kis selegted from (C,-C6)-straight or
branched al kyl, Ar-substituted-(C, -C6)-straight or branched al kyl, (C.-C6)

-straight or bB@ﬁ@Qﬁ@x?bh@ﬁyﬂ Ome@hkyB¥h foR1ROt ﬁbﬁtétMVEQnéﬁﬁeﬁﬁl;Straight
or branched al kenyl or or cy cIohengnEt

; Wherein ope of the
CH, groups ofdsanareaky#1n89§§ﬁyﬂ'o¥ Hreymg hEH%?h%°P?PW@%§z°§B¥?% ally
repl aced by 0, 82? §§ﬁ%th§ﬁ9%1neﬁaﬁ%ﬁ%ﬁl”o*SaQ?t&mQéoﬁheﬁ§hJ is selected from

hydr ogen, -straight or branc C -C6).strai ght or branched
al kenyl or alkynyl Ar - §Q§§tPFﬁf@§ab%Kﬂ B)isssehegred of T HRahched al kyl ,

Ar - SUbSt'tq¢edg%gﬁogﬁéngﬁrabghit?épﬁéﬁpfheﬂe@$§§§ﬂifoﬂ§lﬁ@£ﬂﬁy| b@r’iz;,rlt:5

cycl ohexyl net h Is selected" fromis selected fromAr, (G
strai ght or brambhéenapkenyl¢Ci=Elposephennl. of -Gy anRMERRY ki kéndt or al kynyl

(C-C) CYC'OabEMLtﬁHg§bhEH§§d ﬁﬁhegﬁgx¥§ g%ght4o(2bjanched al kyl, (C5-C,)

cycl oal kyl substitute strai ranched al kenyl or aIkynyI
(C5-C,) - 18 ©SychbaPRBAYENSUB FFYhte Cﬂ‘t%)Ns@%%#EﬂNl%Wl%@hnched aIkyI

(Cs-Cr) cycl oapkenyh ) s¥B$bhEHY €] §£¥N§§)d§ﬁé@$9f£mfﬂo)naphthyl or 4-
10 acetamidophenyl.
( According to ancther preferred embodiment, Y is
methyl.
In another preferred embodiment, n is OC.
According to another embodiment, the invention

15 provides a compound of the formula:.

B
(Tm N’/l\\A

l

In 25 (11)

and pharmaceutically acceptable derivatives thereof,
wherein A, B, Y, D, n and subcomponents thereof are as
defined above;

20 m is 0, 1 or 2;



branched al kenyl of al kynyl, Ar-substituted (C, -C6) straight or branched

al kyl, or Ar-substituted (C -C6) 5 straight or branched al kenyl or al kynyl;
wherein any one of the CH7 groups of said alkyl chains in D other than the
one that is directiy bound to 502 in the conpound, is optionally replaced by
0, S, 50, SO or NR In one preferred enbodi nent of fornmula I, A and 10 B
are not sinultaneously hydrogen. Even nore preferred is mhen at | east one of
Aor Bis a (Cl-C6)-straight alkyl term palZloy ~substituted with Ar (which
itself is substituted or unsubstituted). Mre preferably, at |east one of A
or Bis a (Cl-C6)-styai ghtysalilegls t@am nakhy by edtest idndredwi th pyridine
(which itself substituted or unsubstituted). Accaording to anoth preferred
embodi ment of for mihg ANSXCREER FAdGed o OsTden 11 it itk f ferred

embodi ment of %&%ﬁ%ﬁl# uﬁsa%grb%e@ Gglugght§ﬁﬁﬁﬂéﬂni al kyl . 1n yet another
preferred enbodi nent of fornula , is an Ar-substituted (Cl C3) - strai ght

al kyl. More preferifedoi g WREROR ﬁ§0&5(€P-GQF Fi0g gt faImila Sflviaks |y
subst i t ut ed; Wi fogstaenaﬁip»b%b&%@@ a@%nyla haéeé%%a NGdep eiddtary preferred

enbodi nment of or nmul Isis selected from(C,-C6) straight or branched
al kyl , Ar, Ar-seBecitedt §gopcO,C8) §tlPaight(Cde obrHRéhaA%al kyl , Ar-substituted

(C2-C6) straight or, EﬁaQﬁpgyﬁﬁ'%SQ%hlgr %'Kénﬁbthhafyj'ﬁﬂﬁ@ofdééd(3)

straight 30 or branc ed a Mor e pre era is sélected from
am nophenyl , nltrophenylPreéepﬁbéyb,lbeﬁ@ymula 1I,.n is 0, m is 2 and

the ring is fully saturated.

10 According to another preferred embodiment of

{ formula II one carbon in said ring is optionally replaced
with a2 hetercatom selected from O, S, SO or S0,.
Preferred embodiments for the individual

components in the compounds of formula II are the same as

15 those set forth above for compounds of formula I.
The most preferred compounds of formula I and I1 are set
forth in Tables 1 and 2, below:



fl uor ophenyl, cyanophenyl, nethoxyphenyl, - _s dinmethoxyphenyl,

nmet hyl sul f onyl net hyl , et hyl enephenyl, dinitroar_ilinophenyl,

N, N- di met hyl am nophenyl azophenyl N, N-di net hyl am nonapht hyl or

acet am dophenyl. Most preferably, Dis selected from4 5 am nophenyl .,

2-ni trophenyl, nethyl sul fonyl nethyl, benzyl, ethylenephenyl, 4-fluerophenyl,
4- cyanophenyl , 3, 4- di net hoxyphenyi, 4-nethoxyphenyl, 4-(2,4- i
diritroanilino)phenyl, 4-((4-(N, N-dinethylag no) phenyl)azo)phenyl,

5- (N, N-di et hyl am no) napht hyl or 4 10 acetam dophenyl. According to anot her
preferred enbodi ta Y} | =1 et preferred enbodinent, nis O.
According to agggﬁgr‘énbggpﬁgﬁbagtﬁé ?%5@%%?oﬁ 15 provi des a conlpound of the
formula:. 0O B mN _A KN" 251 (Il) O =5=0 0 and pharmaceutically
accept abl e der pratires—thereot——wheretri—A—B—Y—Db—fand—stbeconponents
thereof are as| Cors¥ilned aboveS™2¢f mis 0, 1%8P°%I 20 n + AT |ess thaj 4
and greater thpan O; |the indicated ring in f is saturated, partially

ormulg 11
unsaturated or unsat
H T ! e

HiC /\/N :iu,:\u N
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| o=$=o o |t i
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| to 2 carbon atons in the ring in fornula Il
a het eroatom i ndependently

ring in fornmula |1
0, mis 2 and
enbodi nent of

t he i ndi vi dual

NJCNX M\

N~ O-S=0 05 6 HN N’

formula Il
with a heteroatomselected fromO0, S, SO or
conponents in the conpounds
those set forth above for conpounds of for

conpounds of fornula I
Tabl e 1. Conpounds of formula I.

the ring is fully saturated.

and |1

are set
Chpd Y Structure CpCt Structure

are
selected fromO0, S, S(O,
is optionally benzofused.

5 optionally replaced with
NR: and said
in formula Il,.n is

Pref erably,

formula 11

al.

S(0)2 or

10 According to another preferred
one carbon in said ring is optionally repl aced

S02. Preferred enbodi nents for
are the sane as
The nost preferred

forth in Tables 1 and 2, bel ow
CHI

~NO-3-00 2 OCSAOON 4 X'v. NHI HHo CHa N HC HaOON a 'N
NQJ
Cmpd ¥ Structure Cmpd # Structure
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/[ iCHl CH jXI CH XICS\NN\ | I I HHCN 7 ~-0 OB O=S==O0 0O\ \ N
NICE CXI ~ 22 Cmpd WStructure Cnmpd S Stricture H fH MC-\ HCNN\
11 0-~501 N12 0--1-D N orS-CH f \' NN CH CH HC NN\ H~N 13
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Table 2. Compounds of formula II

Cmpd# | Structure i Cmpd ¥ ; Structure
|
3 & ik =]
! N N A : N N e
a I | ]
S P |

NH,

¥

According to another embodiment of this

invention is provided a compound of the formula:

o B

J\N/(CH’)"H/LK{[\A
5 I | (I11)

R3 K Y
and pharmaceutically acceptable derivatives thereof,

wherein:
A, B, X, ¥, K, J, n and subcomponents thereof are as

defined above for compounds of formula I; and

10 R® is (C,-C¢)-straight or branched alkyl, Ar-
substituted- (C:-C¢)-straight or branched alkyl, (C--C:)-
straight or branched alkenyl or alkynyl, or Ar-
substituted- (C--C;)-straight or branched alkenyl or
alkynyl; wherein any one of the CH: groups of said alkyl,

15 alkenyl or alkynyl chains in R’ is optionally replaced by
0, &, S(0), S5(0): or N{(R); and wherein any one of the CH-:
groups of said alkyl, alkenyl or alkynyl in R’ except the
CH. group bound to nitrogen, is optionally replaced with
c(o).

20 According to another embodiment, the invention

rrovides a compound of the formula:



15 D=S=O D 16 D~oONN NHN "CH IX N

0 16 0=9=0 C N 10 1CH, HC 2? Table 2. Conpo
Structure Crpd N Structure h CFI CN CCY
Accordi ng to anot her enbodi ment of this inv
the formula: 00 B J~N---(CPt)n\ A5 R3 KY
accept abl e derivatives thereof, wherein: A B,
subconponents thereof are as - 24 -

nds of formula Il Cmpd 1
C=S=D 0O NO=SCO 0 3 Nn] I]
ion is provided a conpound of
) and pharnmaceutical ly
X, Y, K J, nand

CH M HC-NNC1 17 0=5=01
un
Y

enti
(rni

Y (IV},

10 &2
and pharmaceutically acceptable derivatives thereof;
where:iz:
15 A, B, X, Y, n, m and subcomponents therecf are as
defined for compounds of formula (II); and
R’ is as defined for compounds of formula (III),
with the proviso that in formula IV, when n is 0 and m is
1, the second CH: group in the alkyl, alkenyl or alkynyl
20 chain of R® is not replaced with C(O).
The term “second CH, group in the alkyl chain of
R>” refers to the CH; group bound immediately to the CH:
group that is bound to nitrogen {indicated in beold in the

formula below:

0 B
JN
f A
N, Y
.FHz
H,C
Do
30 Preferably, in the compounds of formulae III

and IV, at least one of A or B is Ar-substituted (C:;-C;)-

alkyl chain. Even more preferred is when at least one of

A or B is is a {C;-C;)-alkyl chain terminally substituted

with phenyl or pyridinyl.

35 According to ancther preferred embodiment in

the compounds of formulae III or IV, X is N or O.
According to yet another preferred embodiment,

in the compounds of formula III, K Es an Ar-substituted

alkyl, alkenyl or alkynyl. More preferably, K is benzyl.



defined above for compounds of fornmula |I; and 10 R is (C-C6)-straight or
branched al kyl, Ar- substituted-(C;,-CE)-straight or branched al kyl, (CGC.,)-
straight or branched al kenyl or al kynyl, or Ar- substituted-(C, -C;)-straight
or branched al kenyl or al kynyl; wherein any one of the Ci; groups of said
al kyl, 15 al kenyl or al kynyl chains in R is optionally replaced by 0, 5,
5(0, -S(0); or N(R; and wherein any one of the CH_ groups of said alkyl,

al kenyl or al kynyl in R except the CH grqyp.bound to nitrogen, is
optionally replaced with C(O. 20 According to another enbodi nent, the

invention provides a conp t Y V), 10
p?%%ldd d%r%a%qq{/ﬂ%r?ﬁer ferc emd%dll}héht (m Y,

and pharnmaceutically acce wher e X,
n, m and subconpomeohsdshefeb¢rmmbaa£II£kﬁ|lﬂﬁhEQHOQﬁnnRﬁﬂﬁkﬁkﬁ'fornula (rr);

and R is as defin ds of formula (I1l), wth the proviso that
in formula IV, %e?graﬁ[yo\? dwr:]n is 1, the second CH group in the alkyl,
al kenyl or al kynyl 20 ch& rcafipddnds qfotfmmla@ecll\la taFPdC(I®) RThést er m

o oo bRk A gkl n e o ST el e IUmER oroup boind
the fornula betemmiMaBly substituted with pyridyl, or 3,4, 5-
trimethyoxybenzoylmethyl.

In a preferred embodiment of formula III, n is
0.

10 In 2 preferred embodiment the indicated ring in
{ formula IV is fully saturated.

In another preferred embodiment of the
compounds of formula IV, m + n is 1 or 2. Even more
preferred is when n is 0 and m is 1 or 2. Most

15 preferably, n is O and m is 2.

The most preferred compounds of formulae III
and IV are listed in the table below, as well as being
described in the examples:

Table 3. Compounds of formulae III and IV.

102 108 CH, ©

Iz
0O
A\
r
b
N/




25 eNy CH2 K2 30 Preferably, in the conpounds of fornmulae Il and IV, at

| east one of A or Bis Ax-substituted (C -C6)- al kyl chain. Even nore
preferred is when at |least one of Aor Bis is a (C3-C6)-al kyl chain
termnally substituted wth phenyl or pyridinyl. 35 According to another
preferred enbodinent in the conpounds of forrmulae Ill or IV, Xis Nor O.
According to yet another preferred enbodinent, in the conpounds of formula
11, Kis an Ar-substituted alkyl, alkenyl or alkynyl. More preferably, Kis
benzyl. 25 According to another preferred eghodi nent, in conpounds of

formula I'll, J is hydrogen or alkyl, preferably nmethyl. In conpounds of
formulae Il and IV, R3is 5 preferably hydrogen, (C, -C6)-alkyl, (C -C
)-alkyl termnally substituted with pyridyl, or 3,4, 5-

t r i met hy oxybenzey-rethiyy——a—preterred—enbogirent—or—orrHa—+H+—n—+5—06-

10 I n a preferi&hpenodisrenictture: i ndi cat ed ri hgmpd #f ¢iStxhathel s %ul

saturated. |n gnother—preferred enbodi ment—of [t TOo

+nis 1 or 2. |&%n nore ferred is n| 890 and mis 1 or 2. 3
preferably, n is 0 and is 2 u | =
N N \ zn,o \L‘
H
)

104 \\/in:j 110
) o N
( :
5 105 111
N o]

I
HyC

Me()
MeD OMa
106 ?Ha 112
N N =
H |
o N =

113

This invention includes all optical and racemic
isomers of the compounds of formulae I through IV, as well as

10 pharmaceutically acceptable derivatives thereof.



The nost preferred conpounds of formulae I
bel ow, as wel |
and IV. sc-4Mb, Tw. F 33z *i ;. Gk rT» "Sw ~ 1" xti

formulae 111

SfiS b~"Y. aS
. ~3 fi+n~Cie y"t"# "uiflc Yc y~' ~:~ RVWSYfr+ Rd. .5~" a+: kxh
~Yi3 QuFi'
O N- 26 Cnpd # Structure GCapgl7# Structure 103 N 109 N
\ 110 NH3 (, NH o O111 5 105 O

25

30

and |V are listed in the table

as being described in the exanples: Table 3. Conpounds of

(ixax. ~-. xzay ~~k ~nmb.tixcx. . RGQ 3 ~Ti

W ~A
~u w. k

f,'1Q3.35i, Qs: .quarr' -; Y3'~E .ew. 1021 OB CH o O

A “pharmaceutically acceptable derivative,” as

used herein denctes any pharmaceutically acceptable salt

ester, prodrug, or salt of such ester or prodrug, of 2

compound of this invention or any other compound which,

NN H

1

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

neuronal activity.

Surprisingly and unexpectedly, the compounds of

formulae (I} through (IV) cof this inventicn do net bind
FX3P, do not innhibit its rotamase activity and are not
immunosuppressive. Moreover, although the compounds of
this invention bear some structural resemblance to
compounds which are known to reverse multi-drug
resistance {see United States patent 5,543,423, WO
85726337 and WO 94/07858), the present compounds appear
to have no activity against MDR. Thus, the presently
disclosed compounds advantageously possess neuronal
activity, without interfering with other pathways known
to be affected by structurally similar compounds.

The nerve growth activity.of the compounds of
this invention may be initially assayed using several
cell culture assays known in the art. For example, the
compounds of this invention may be tested in a neurite
outgrowth assay using pheochromocytoma PCl2 cells as
described by Lyons et al., PNAS, 91, pp. 3191-3195
(1994). A similar assay may be carried out in SH-SY5Y
human neuroblastoma cells. Alternatively, the chick
dorsal root ganglia assay described in United States
patent 5,614,547 or in G. S. Hamilton et al., Bioorg.

Med. Chem. Lett., (1997} and references cited therein,

may be utilized.
The compounds of this invention may also be

assayed for nerve growth activity in vivo using a mouse



NNO NCHON3mo OO0l NAw Ovw N 106 CH3 112 NN G QO-YO0O HON
113 0 NO N/ N N This invention includes all optical and racemc isoners
of the compounds of fornulae I through IV, as well as 10 pharmaceutically
acceptabl e derivatives thereof. - 2 7 A "pharmaceutically acceptable
derivative," as used herein denotes any pharnmaceutically acceptabl e-salt,
ester, prodrug, or salt of such ester or prodrug, of a conpound of thi's

i nvention or any other conpound which, 5 upeg administration to a patient, is
capable of providing (directly or indirectly) a conpound of this invention,
or a netabolit L L@Si : eQf 4: Lacteri zed ghyinReuieenal gcturdgd.y.
Surprisingly aﬁ%dgﬁeﬁge?gggﬂ§?%?h3 gé%%%&%dégéf‘ 1gb¥br%ulgg (L)atﬁFﬁﬁﬁh (1V)
of this inventNanldoAget.bEnd. HEAP, %de MOt RARISHIZE (FSHdvamidéesctivity and

are not States patent 5,721,256] or following surgical sciatic

nerve crush in rats.

5 According to another embodiment, the invention
provides compositions comprising a compound of any of
formula (I) through (IV) and a pharmaceutically
acceptable carrier. Preferably, the compositions of this

invention are formulated for administration to a mammal

(]

(i.e., pharmaceutical compocsitions).

[

{ I1f pharmaceutically acceptable salts of the
compounds of this invention are utilized in these
compositions, those salts are preferably derived from
inorganic or organic acids and bases. Included among

15 such acid salts are.the following: acetate, adipate,
alginate, aspartate, benzoate, benzenesulfonate,
bisulfate, butyrate, citrate, camphorate, camph-
orsulfonate, cyclopentanepropionate, digluccnate,
dodecylsulfate, ethanesulfonate, formate, fumarate,

20 glucoheptancate, glycerophosphate, glycolate,
hemisulfate, heptanocate, hexanoate, hydrochloride,
hydrobromide, hydroiodide, 2-hydroxyethanesulfonate,

{ lactate, maleaﬁe, malonate, methanesulfonate, 2-naphtha-
lenesulfonate, nicotinate, nitrate, oxalate, palmoate,

25 pectinate, persulfate, 3-phenylpropﬁonate, phosphate,
picrate, pivalate, propionate, salicylate, succinate,
sulfate, tartrate, thiocyanate, tosylate and undecanoate.
Other acids, such as oxalic, while not in themselves
pharmaceutically acceptable, may be employed in the

30 preparation of salts useful as intermediates in obtaining
the compounds of the invention and their pharmaceutically
acceptable acid addition salts.

Base salts include ammonium salts, alkali

metal salts, such as sodium and potassium salts, alkaline



| mmunosuppr essi ve. Mreover, although the conpounds of this invention bear
sone structural resenblance to conpounds which are known to reverse

mul ti-drug 15 resistance (see United States patent 5,543,423, WO 95/26331
and WO 94/07858), the present conpounds appear to have no activity against
MDR. Thus, the presently disclosed conpounds advant ageously possess neuronal
activity, without interfering with other pathways known 20 to be affected by
structurally simlar conpounds. The nerve-gpegwth activity of the conpounds of
this invention may be initially assayed using several cell culture assays

known in the art.. FOme%AMaatst haychomBOUAds: oh thismbamestiuansmayshe tested
in a neurite 25 outgrowth assay using pheochronogc tong gc121ceLIs as
described by Lyeddsetidh orgRASC besesp. S¥EH125185CYF16098) Y AP Ri | ar assay

may be carried Qut dJ n \SHS%SY -DhyTBeapeHEobLAgt ogBteeklish Ahtebnatidel y, the
chick dorsal root ganglia assay described in United States. 30 patent

5,614, 541 or i®suGh 85 [IENLAR.edYsine, BRBEr ¥ (Cred. 2EREM 4Le?3-T5(1997) and
references cited therein, . may be utilized, The c - f [.Scl ntion
may al so be® assayed forAﬁéPVetgfo%PﬁlschGT QS?nggﬁgggggPﬁggggﬁgﬁsggﬁ 28
nodel of Parki BeOjustdirsdasa WilthPsubheapentst aal lpwProelkyhlahklidead. Sci .

surgi cal S0i at PECnay BecFhdn FHoVar sPBPYReor Ana LSl anBtREF SEhbodi ment, the
i nvention prowrdes deenped todiseepndinskny sutdapesndsvthamy oimethyl,
diethyl, dibutyl and diamyl sulfates, long chain halides
10 such as decyl, lauryl, myristyl and stearyl chlcrides,

( bromides and iocdides, aralkyl halides, such as benzyl and
phenethyl bromides and others. Water or oil-socluble or
dispersible products are thereby obtained. |

The compounds utilized in’ the compositions and

15 methods of this invention may alsoc be modified by
appending appropriate functionalities to enhance
selective biological properties. Such modifications are
known in the art and include those which increase
biological penetration into a given biological system

20 (e.g., bloocd, lymphatic system, central nervous system),
increase oral availability, increase solubility to allow
administration by injection, alter metabolism and alter

( rate of excretion.

Pharmaceutically acceptable carriers that may

25 be used in these pharmaceutical compositions include, but
are not limited to, ion exchangers, alumina, aluminum
stearate, lecithin, self-emulsifying drug delivery
systems (SEDDS) such as da—tocopherbl, polyethyleneglycol
1000 succinate, or TPGS, surfactants used in

30 pharmaceutical dosage forms such as Tweens or other
similar polymeric delivery matrices, serum proteins, such
25 human serum albumin, gelatin, buffer substances such
as phosphates, glycine, sorbic acid, potassium sorbate,

partial glyceride mixtures of saturated vegetable fatty



formula (1) through (1V) and a pharmaceutically acceptable carrier.
Preferably, the conpositions of this invention are fornulated for

adm nistration to a mammal 10 (i.e., pharmaceutical conpositions). If

phar maceuti-cal | y acceptable salts of the conpounds of this invention are
utilized in these conpositions, those salts are preferably derived from

i norgani ¢ or organic acids and bases. |Included anong 15 such acid salts
are.the follow ng: acetate, adipate, algingte, aspartate, benzoate,
benzenesul fonate, bisulfate, butyrate, citrate, canphorate, canph-

orsul f onat e, Cxﬁkggenaéespfoewegtsr dhgtesongt es, sgescxgsidkbabﬁme

et hanesul fonat e, fofmate, fumarate, 20 gl ucoheptanoat e, ceroghosphate

gl ycol at e, heaukﬁhtatedlheptﬂmohvéroﬂéRaR%@FEhaﬁ?drB@ﬁﬁéﬁ#&@ hYRY8E8Br oni de,
hydr oi odi de, Xgéﬂé¥§ 88§#ﬁfEHf%?1delafiﬁ&esaf@EGaESllaﬁﬁﬁmakﬁilca,
nethanesulfona?e enesulfonate, nicotinate, nitrate, oxal ate,

pal noate, 25 pnagneatem pemsuliaaee 3PphﬁﬁymbloBYéh@iédOBﬁOSBH&YéaCtﬁFcrate
pi val ate, Rrop | f a te, thiocyanate,
Fosyl at o antl UHaeganphigobEtt (RO yaRELIEI S acty B EestiRbie n 1

t hemsel ves phaebbhckasechabgdasebptantes., n%ycbeaénﬁPﬁyéadlﬂbﬁﬁe 30

t f t t d f
Phe t nvent i on REAVETaYPERH o Eacell ChORELR' Corblxint BhOLEA1LLTEECTPOLTES ©
Base salts |ncpuupaannbataﬂ1suﬁxs$ apkéyethﬁbeaﬁ BalYQXYBE@hYésnsobiQﬁkand
potassium salt s, Ghkgl] NSoPyer fP1Lhe "B1gLo 22! kS0l SEEE. aScGRh GLU 2Mls

magnesi um sal t
10 such as a-, P-, and y-cyclodextrin, or chemically modified

(

derivatives such as hydroxyalkylcyclodextrins, including
2- and 3-hydroxypropyl-pB-cyclodextrins, or other
solubilized derivatives may also be advantageously used

to enhance delivery of ccmpounds of the compounds of this

invention.

11—
wn

According to another embodiment, the
pharmaceutical compositions of this invention
additionally comprise a neurotrophic factor. The term
“neurotrophic factor”, as used herein, refers to

20 compounds which are capable of stimulating growth or
proliferation of nervous tissue. As used in this
application, the term “neurotrophic factor” excludes the
compounds described herein.

Numerous neurotrophic factors have been

25 identified in the art and any of those factors may be

utilized in the compositions of this invention. These



salts with organic bases, such as dicycl ohexylam ne salts,

N- et hyl - D-gl ucam ne, and salts with am no acids such as arginine, |ysine,
and N-(Cl-4 alkyl)4 salts 5 Al so, the basic nitrogen-containing groups can
be quaternized with such agents as | ower al kyl halides, such as nethyl,
ethyl, propyl, and butyl chloride, bromdes and iodides; dialkyl sulfates,
such -as dinethyl, diethyl, dibutyl and dianyl sulfates, |ong chain halides
10 such as decyl, lauryl, nyristyl and steatyl chlorides, brom des and

i odi des, aral kyl halides, such as benzyl and phenethyl brom des and ot hers.
Water or oil- &mmt&@hlcdifsmro&isbllacmudducbs*caaeet hereb;inﬂlmeaii med. The
conpounds utilized in'the c osi tions i gﬁ hIS |nue@i|on may
al so be nDdlleﬁFW%/g§ﬂﬂi§uﬂ4%% éde@SPraﬁEsP ﬁ8t$5ﬁg t 5 enfian

sel ective bi ol Gals RIGRSE iteaincatel Hadu%bcabbenSuaheabng@ﬂ?kﬂ the art and

| ude th whi ch hi ol I trati t ' bi.al I
Cystom 20 ( o AFLCI) GO0 CApHshALRE Ol SEEnBEBRR Dy SPCRBF ydBECEy SHENP: o hor eaac

oral avail gbi lidapedtN&ieadse %Qb@QuEtLMeEQvahl@waadntatsb&atueweby i nj ection,
alter nmetabolismand alter rate of excrﬁtlon Psrnaceutlcall accept abl e

carriers that SRRjiD-S8THY egs 8@ UTRTERBS&CphAFHRE e \PPREN « cErpdéFYi ons i ncl ude,

but are not Ijeuried 1cI0@cQéQEanqaws; abUTkDaceal Ui AeAdestieatat e,
| ecithin, self- enuIS|ﬁ$ g drug delivery st ens SE S) _su h as

da- t ocopher ol PeySIOFEORM EndFCHEs (GDHAD sBE%FHSFBp Pé§T drfactants used
in 30 phar maceigirerlrofesaoQ /Borre-auel, aérT&ﬁ9n§f0th@tB@mpo&hﬂb|ar pol yreric

delvery ??trLﬁi%rliiﬁuqkp%%t%H9ﬁsseg hwo 96/41608, WO 87/161580, WO
( 96/40633, WO 97/18828, WO 96/40140 or WO 98/13355. The
most preferred neurotrophic factor in the compositions of
this invention is NGF.
The compositions of the present invention may

15 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,
intramuscular, intra-articular, intra-synovial,

20 intrasternal, intrathecal, intrahepatic, intralesional
and intracranial injection or infusion techniques.
Preferably, the compositions are administered orally,

/ intraperitoneally or intravenously.
The pharmaceutical compositions of this

25 invention may contain any conventional non-toxic
pharmaceutically-acceptable carriers, adjuvants or
vehicles. In some cases, the pH of the formulation may
be adjusted with pharmaceutically acceptable acids, bases
or buffers to enhance the stability of the formulated

30 compound or its delivery form.

Sterile injectable forms of the compositions of
this invention may be agqueous or oleaginocus suspension.
These suspensions may be formulated according to

techniques known in the art using suitable dispersing or



as human serum al bum n, gelatin, buffer substances such as phosphates,

gl ycine, sorbic acid, potassiumsorbate, partial glyceride m xtures of
saturated vegetable fatty 30 acids, water, salts or electrolytes, such as
protam ne sulfate, disodium hydrogen phosphate, potassium hydrogen
phosphate, sodiumchloride, zinc salts, colloidal silica, magnesium -
trisirlicate, polyvinyl pyrrolidone, polylactic 5 acid,

pl oyaceticpol yglycollic acid, citric acid 32Id ul ose-based substances, such
as HPC and HPMC, polyethylene glycol, sodium carboxynethyl cel | ul ose,

pol yacryl at es,, 43485 Rtel it E nersprindopraypd wne- Moe kst @ol yerer s,
pol yet hyl ene gl ycol ,” wool fat. g%clodextrins 0 such as. -,4Ofécgggle
y-cycl odext ri BRIRCIERYA RHSRA of &BY VRS s Bt

hydr oxyal ky!l ¢y 19886 id1S sudpdnisdiond ir?-a altth-3dRidr @ameropyta D gycl odextrins,
or other solubilized derivatives may al so be advantageously used to enhance

delivery of cERFERIEPIE HHOTNPEURES EPvhileT £ t3Drf i‘&ﬂ%ﬂtﬁ"ﬁg to

anot her en?odngngJHy%angmﬁkmﬁcewmdﬁa HRTRREH It Ofvdii S1éHvamd i on
additionally conprise a neurotrophic factor. The term " neurotyophic factor”,
as used her ei molvgndrss tha D anach iso TR QAT R T &/at@FabIfe #A€5t$ nul ati ng

growth or  praldfi@rnald Qb of: RIS Sd@iie crAbMsad dd1dthisn. apphi cation, the
term "neurotrophic factor” excludes the conpounds described herein. Nunerous
neur ot r ophi ¢ fasstidriema\ss e5ddie /25 lixeshtd s @hien ame eyl onril BhyeRl eyl e

factors may be gl iddiRthd et NG SRMAT nis . t et 1MNEDthOFpoTbe Sty
10 bland fixed oil may be employed including synthetlic mcnoe-
( or di-glycerides. Fatty acids, suc@ as oleic acid and
its glyceride derivatives are useful in the preparation
of injectables, as are natural pharmaceutically-
acceptable o0ils, such as clive o0il or castor oil,

15 especially in their polyoxyethylated versions. These oil
sclutions or suspensions may also contain a long-chain
alcohol diluent or dispersant, such as Ph. Helv or
similar alcohol.

The pharmaceutical compositions of this

20 inventicn may be orally administered in any oraily
acceptable dosage form including, pbut not limited to,
capsules, tablets, aguecus suspensions or solutions. In

( the case of tablets for oral use, carriers which are
commonly used include lactose, corn starch, dicalcium

25 phosphate and microcrystalline cellulose (Avicel).
Lubricating agents, such as magnesium stearate and talc,
are also typically added. For oral administration in a
capsule form, useful diluents include lactose, dried corn
starch and TPGS, as well as the other diluents used in

30 tablets. For oral administration in a soft gelatin
capsule form (filled with either a suspension or =z
solution of a compound ¢of this invention), useful
diluents include PEG400, TPGS, propylene glycol,

Labrasol, Gelucire, Transcutol, PVP and potassium



31 neurotrophic factors include, but are not [imted to, nerve growh
factor (NGF), insulin gromh factor (1G--1) and its active truncated
derivatives such as glGF-1, acidic and basic fibroblast growh factor (aFG-
and bFGF, 5- respectively), platelet-derived gromh factors (PDGF), _

brai n-derived neurotrophic factor (BDNF), ciliary neurotrophic factors
(CNTF), glial cell line-derived neurotrophic factor (GDNF), neurotrophin-3
(NT-3), neurotrophin 4/5 (NT-9/5), or any 3 -the conpounds 10 described in
WD 97/ 36869, WD 96/41609, WD 97/16190, NO 96/40633, WD 97/18828, WD 96/ 40140

or WO 98/ 13355, Jhgr e M0SindH &f RIS ReHRiNsARRIsC afr@C taeimiini stee ezonposi ti ons
of this invention Is NG-. The conpositions of the present inventf%g may 15
Py

be adni ni st er edrdr by 4 Ehe AEHYE dANgFedeithiS SOeRedhmay D EFpicaiy,
rectally, “asaiﬂrcy’arml%ﬂéhdi\éﬁ;gia@dﬂé, QucH @sakddiRamMe] mRI@RMOi r. The
as

term "parentera used her€in 1 ncludes subcut aneous, intravenous,
i ntranuscul ar, ce¢htukeset iRqAEN and G1&Fidvi all F8SiFeast& TR0 i ntrat hecal ,

i nt rahepat icc, gﬁgéggﬁyﬂdngﬂd/dyu%jdyh&ag@a@havOEMq@yaﬁyhgokde&E%Sh@@ be
techniques. Preferably, the conpositions are adm nistered orally,
i ntraperitoneadddedr intravenously. The pharnaceutical conpositions of this

25 invention ”ay'Contaiﬂ%%@&n%?&&%ﬁ&hoﬂﬁb BABrkA%kGtical compositions
pharmaceutical | y-acceptabl e carrier$, adjuvants or vehicles. In _sone cases,

the pH of the dbrihilsatinsrentapn FaYadieuscsd wistR I glalPaddst ifeaM placcept abl e
aci ds, bases Qi ufie)is dO R3eR i@ akk AbiskirkY 185 .t henkaemazat 8d
10 prepared by mixing the agent with a suitable non-

( irritating excipient which is solid at room temperature
but liquid at rectal temperature and therefore will melt
in the rectum to release the drug. Such materials
include cocoa butter, beeswax, gelatin, glycerin and

15 polyethylene glycols.

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

20 diseases of the eye, the skin, or the lower intestinal
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

25 (see above) or in a suitable enema formulation.
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

30 one or more carriers. Carriers for topical
administration of the compounds of this invention
include, but are not limited to, mineral oil, liquid
petrolatum, white petrolatum, propylene glycol,

polyoxyethylene, polyoxypropylene compocund, emulsifying



30 conmpound or its delivery form Sterile injectable forns of the
conpositions of this invention nmay be aqueous or ol eagi hous suspension.
These suspensions may be fornul ated according to techniques known in the art
using suitable dispersing or -2 wetting agents and suspendi ng agents. The
sterile injectable preparation may also be a sterile injectable solution or
suspension in a non-toxic parenterally- acceptable diluent or solvent, for
exanple as a solution 5 in 1, 3-but anedi ol. 3anmeng t he accept abl e-vehicl es and
solvents that nay be enployed are water, Ringer's solution and isotonic

sodi um chl ori dr@xsms‘ﬂteia(?&c be i cgddielriyan stekelic Iee, d‘éwad dlidehalr,e
conventionallﬁ npl.oyed as a solvent aqr, su e qﬁ qg] For thIS pur pose,
any 10 bl and ?%@élﬁvlmﬁﬂﬁeﬁéu@w€W@f€§lﬁﬁcl %ﬂ% ncno-

di - glycerldeSAlEaEhsta%d_Sy,, %%@h#ﬁﬁrﬁﬂa@:leﬁtﬁl%lad aﬂﬁ\pdsh&;g:lvs:aravdmajerlvatlves
are useful in the Ere paration tabl es, as are natural

phar maceut i cafPy™d ééﬁ@aBPeaO§P§t3§G€h R3igRi §& GHeE ARG P

especi al | y5 i natheve BehypexkakRYlsaispdndedsoengi sEAsediin @m Wi e er
suspensi ons may al so contain a |l ong-chain alcohol di]uent or dlxpersant

such as Ph. He §f§ﬁCE§P#FP&FYaP66ﬁ@Fab*ﬁeCﬁhéﬂﬁé@butﬁﬁﬂtQRﬁﬁ) T3S of this

20 invention gﬂ%lﬁ@eorEhLVaQQWhBhSHQHQQeHnt@nYmﬁh@ﬂéﬂ diacepaie fpsage form
i ncluding, but not limted sul es, tabl ets, aqueous suspensions or

sol utions. |nmopReteasates P&BN§P§ e &Pal CE3¥1 EFYATE s WaticiFSd comonl y
used include Lachage, 90pBt$hAbERca®cdd! 6eHPyl alcohol and water.

10 For ophthalmic use, the pharmaceutical
( compositions may be formulated as micronized suspensions
in isotonic, pH adijusted sterile saline, or, preferably,
2as solutions in isotonic, pH adjusted sterile saline,
either with our 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 pharmaceuﬁical 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,
( emplioying benzyl alcohol or other suitable preservatives,
absorption promoters to enhance bicavailability,
25 fluorocarbens, and/or other conventional solubilizing or
dispersing agents.
The amount of both, the compound and the
neurotrophic factor (in those compositions which comprise
a neurotrophic factor) that may be combined with the
30 carrier materials to produce a single dosage form will
vary depending upon the host treated, the particular mode
of administration. Preferably, the compositions of this
invention should be formulated so that a dosage of

between 0.01 - 10 mg/kg body weight/day of a compound of



25 phosphate and mcrocrystalline cellulose (Avicel). Lubricating agents,
such as magnesium stearate and talc, are also typically added. For oral

adm nistration in a capsule form useful diluents include |actose, dried
corn starch and TPGS, as well as the other diluents used in 30 tablets. For
oral admnistration in a soft gelatin capsule form(filled with either a
suspension or a solution of a conpound of this invention), useful diluents
i ncl ude PE&400, TPGS, propyl ene glycol, -adfrasol, Gelucire, Transcutol, PVP
and potassium 33 acetate. Wien agueous suspensions are adm nistered orally,
the active ingfed entvést Tomht e doani ddmiemdtsifes. | Mp e rafsratidiyng tagent s,
such as sodi um CMC, net hyl ceIUgloseqéﬁect'n nd}gelgpﬂ@/d;m desired,

certain 5 sweef@FYy BT FFAOI ng HhILEXL ST 1§ Heri S Yray be added.

Al ternatively, the pharnafeitdgalcorpidtivnenshiah dompriiseeat i on may be
adm nistered in the formof_ suppositqriges for rectal admnistraticon. These
can be 1C pr e P HPIRG i TH ‘a u Vﬁ%‘ﬂ'—‘:’g i1t % Cr?&ﬁ-ouﬁifirsi toé‘fi ng

exci pi ent whi Gihis Sobdrtk Bdn rLom dyeraeyiaiaionl Jyuttd isouinch later eetualite
tenperature and therefore will nelt in the rectumto Iea;e the drug. Such
material s i nclARFETIETE BURETVEHe MR ISFATE AT 10 -y c A CARg &7 147

pol yet hyl ene il 5.0 heephad FEsield | feadt cronpoIudioromplo tiiionsi midat i on may
al so be administered taopically, es ecg§£Ly when the tar et,qf t.r eat ment

i ncl udes ar eaPrl&THadEn i I‘iﬁ‘g'&r i1 & BPRTREEEPYa o ¢&eTEn,

i ncl udi ng only that factor. 1In such compositions a dosage of
10 between 0.01 - 10 mg/kg body weight/day of the
( neurotrophic factor can be administered.

It should also be understood that a specific
dosage and treatment regimen for any particular patient
will depend upon a variety of factors, including the

15 activity of the specific compound emplcocyed, the age, body
weight, general health, sex, diet, time of
administration, rate of excretion, drug combination, and
the judgment cf the treating physician and the severity
of the particular disease being treated. The amcunt of

20 active ingredients will also depend upon the partitular
compound and neurotrophic factor in the composition.

According to another embo@iment, this invention

( provides methods for stimulating neurite cutgrowth and
\ nerve growth and for preventing neurodegeneration. In

25 one aspect of this embodiment, the method is used to
stimulate neurite outgrowth and nerve growth and prevent
neurodegeneration in a patient and is achieved by
administering to the patient a pharmaceutically
acceptable composition comprising any of the compounds of

30 this invention and a pharmaceutically acceptable carrier.
The amount of compound utilized in these methods is
between about 0.01 and 10 mg/kg body weight/day.

This method may be used to treat nerve damage

and prevent neurodegeneration caused by a wide variety of



20 di seases of the eye, the skin, or the lower intestinal tract. Suitable
topical fornulations are readily prepared for each of these areas or organs.
Topi cal application for the lower intestinal tract can be effected in a
rectal suppository formulation 25 (see above) or in a suitable enem

formul ation. Topically-transdermal patches nmay al so be used. For topi-cal
appli-cations, the pharnaceutical conpositions may be fornulated in a °
suitable ointnment containing the active copponent suspended or dissolved in
30 one or nore carriers. Carriers for topical admnistration of the

conpounds of thi Sekfwenti ophyd e Hider a bt ar eriwde | it 1gde] Obutl Bepahcei |,
liquid petrolatum white petrolatum propyl ene glycol, polyoxxeﬂhylene,
pol yoxypr opy| ehdntospoted, tehgsmingl meurakgigxdlaseapher ¥BFE2icet yi

stearate, Celyle@lepify, pdPNO:!faldR0NRPLRINIL 0t 8ps s kaRhLBLaEd vl er.

Alternatively, t phar maceutical conpositions can"be fornulated in a
sui tabl e | ot ofiy®treRlevmwst e MnhThe Bregiessl wrperent 83X saspentdEd or

di ssol ved in s | AFSEPT &b L,er ' | e
carriers Fnc%&%ﬁg% e notégaicﬁnﬂé%%ﬂt%,y m ner al oﬁ' ,@é}gybi §3ﬁ§yé£ég'
nonost ear at e, PuHIRTEbRe B lawisd Wrersebias, diek y$yndrenaos,

2- oct yl dodecarol,, heng ylp A& s AN YBLEL o) & Fek: PRI L ¢ UG Lhe

phar maceut i cal ~‘conposi t'1 ons nay ornul ated as mcroniz suspensions in
i sotonic, pH athsmstwek strers Yreinsie e, periphpedlerrslyopatisiesl ustonsasn

[ sotoni ¢, pH adj st eSS W RAld Muapdddier WL, B YALPRYE: 2, PoeREFVati ve

10 peripherazl]l myelin discrders, Alzheimer's disezase,

{ Gullain-Barre syndrome, Parkinson's disease and other
Parkinsonian disorders, ALS, multiple sclerosis, other
central myelin disorders, stroke and ischemia associated
with stroke, neural paropathy, other neural degenerative

15 diseases, motor neuron diseases, sciatic crush,
neuropathy associated with diabetes, spinal cord
injuries, facial nerve crush and other trauma,
chemotherapy- and other medication-induced neuropathies
and Huntington’s disease.

20 In another aspect of this embodiment, the
method is used to stimulate nérve growth ex vivo. For
this aspect, the compounds or compositions described

( above can be applied directly to the nerve cells in
culture. This aspect of the invention is useful for ex

25 vivo nerve regeneration. o

According to an alternate embodiment, the
method of stimulating neurite outgrowth or preventing
neurodegeneration comprises the additional step of
treating a patient or ex vivo nerve cells in culture with

30 a neurotrophic factor, such as those contained in the
compositions of this invention described above. This
embodiment includes administering the compound and the
neurotrophic agent in a single dosage form or in

separate, multiple dosage forms when they are to be



15 benzyl al konium chloride. Alternatively, for ophthalmc uses, the

phar maceuti cal conpositions nmay be forrmulated in an ointnent such as

petrol atum The pharnaceutical conpositions of this invention may al so be
adm ni stered by nasal aerosol or 20 inhalation. Such conpositions are
prepared according to techniques well-known in the art of pharnaceutical
formulati on and may be prepared as solutions in saline, enploying benzyl

al cohol or other suitable preservatives, -apsorption pronoters to enhance

bi oavail ability, 25 fluorocarbons, and/or other conventional solubilizing or
di spersi ng ageptminiReeagaunb of pheibntther gogppanstandbidige nNetmot #ophi c
factor (in those conpositijions which c rise a neurotrophic factor) that my
be conbined wi LhithéeSp E&FVi@?ynﬁ?e?&grglfBeb?%d%%%c%Fggﬁb}%’dosage form
will vary depepdisegudpoeiyherhesthineased, thde Hasdt cylpsurddes ohe

adm ni stration. Preferably, the conpositions of this invention should be
fornul ated so 8RAtP&Tdosage of between 0.01 - 10 ny/ kg body wei ght/day of a
conpound ofs 35 this inveatifie£amde ek i wdrey fch ddy @& iHe] eiadyn the
dosage is between 0.1 - 10 ng/ kg body wei ght/day. In those conpositions which
conprise a ne@FMtPSpﬁPEef5&?%¥,u@%%fs?%%gortQﬁuFQ#kP%hm%dﬁﬁﬂgp%ﬁs & his

invention act gyfeggrshicaltyshOusdipel ahenotidd er il ) Ofamsrvent
neur odegeneration. Therefore, the anmount of neurotrophic factor in such

conposi tions WAFE IBE fEIUSERRARI TRARUTRITRT RPIN ANHOHR HApy° RE | i zi ng
only that factgpnstPusHdChsCOIRPSIAL ONSid AP & in any manner.

10 General Methods

Proton nuclear magnetic resonance (1H NMR)
spectra were recorded at 500 MHz on a Bruker AMX 500.
Chemicel shifts are reported in parts per million
relative to Me4Si. Analytical high performance liguid
15 chromatography was pérformed on a BHewlett-Packard 1050

liguid chromatograph.

EXAMPLE 1

N- (4-Amincbenzenesulfonamido) - (S)~Piperidine-2-Carboxylic
Acid-2- ((N Methvl}-2-Pvridylethyl}) Amide

20 The synthesis of N-(4-aminobenzenesulfonamido)-
{S)-piperidine-2-carboxylic acid-2-((N-methyl)-2-

( pyridylethyl) amide {compound 1) is set forth below.
A. (S)-Piperidine-1,2-Dicarboxylic Acid-1- (Tert-
Butyl ester)-2-((N Methyl)-2-Pyridinylethyl)
25 Amide.

O O ©

I~

To a sclution of (S)-piperidine-1,2
dicarboxylic acid l-tert-butylester (5.0 g, 21.8 mmol) in
methylene chloride (50 ml) was added EDC (6.0 g, 191.71,



10 between 0.01 - 10 ng/ kg body wei ght/day of the neurotrophic factor can be
adm nistered. It should al so be understood that a specific dosage and
treatnment reginmen for any particular patient wll depend upon a variety of
factors, ineluding-the 15 activity of the specific conpound enpl oyed, the
age, body weight, general health, sex, diet, tinme of admnistration, rate
of excretion, drug conbination, and the judgnent of the treating physician
and the severity of the particular disease bgi~hg treated. The amount of 20
active ingredients will also depend upon the particular conpound and

neur ot rophi ¢ fagt of pib 1 her SOMRASH th Pche ASSPIEli 6¥) ¢ 0 Anppher enbodi ment,
this invention provides nethods for stinulating neurite outgrowh and nerve
growt h and for RREEARIP L DRYEHEINR | bh-0 1y 25 iRl hspRetRXTehE s

embodi nent, t hg,q@thothien Used i Or Sid m&@%ﬂlﬁ@r@%ﬁﬂé oRb . @mdh&gfé’-e

growt h and prevent neurodegeneration in a patient and is achi eved by
adnini stering to the patiTf % pHaiameaR iHEiYEed 26ddpt2@P entorpl tion
conprising any Qeddie GRMPURLY O{somut)h,l-s THY Sl b ANtk Fe PhREJBOSIE { £al |y

acceptable carrier. The anmount of conpound utilized in tthese nethods is

bet ween about @Y Tren@d ek @y Nty tddy PHHIZ hbtwad aelyieedised to
treat nerve da'@-ﬂﬁ; s et VY Yo AW OIRARY 'ﬁﬁ?@%ﬁ“%ﬂr@u#%dﬁ“ ety of
rp cl'ude imt

36 diseases o ysical traumds. These In , but are ot ed to,
trigem nal neuraldyicaoncgindssdaethnndyaalredumedlpyiessiadl | ' sSTHRal ayyderyast heni a

gravis, muscul o YS! QAN TYSGLE J41) Wobs B! QUSSR flgtl ar atrophy,
10 chromatography using a gradient soclvent system cf l:9@
( methanol/ methylene chloride followed by 2:98 methanol/
methyliene chloride solution to give 3.B g (50% yield) of
the title compound as a colorless oil. TLC: Rf=0.49

(5:95 methanol/ methylene chloride), [1H]-NMR (CDC13)
15 consistent with structure.

B. (S)~-Piperidine-2-Carboxylic Acid-2-
((N Methyl)-2-Pyridylethyl) Amide.

G

N N I N\
I
H o -
106

To the compound of part A (3.8 g, 10.9 mmol) in
20 methylene chloride (25 ml) was added trifluoroacetic acid



5 progressive bul bar inherited nmuscul ar atrophy; herniated, ruptured or

prol apsed i nvertebrae disk syndrone's, cervical spondylosis, plexus

di sorders, thoracic outlet destruction syndronmes, peripheral neuropathies,
such as those caused by | ead, dapsone, ticks, or porphyria, other 10

peri pheral nyelin disorders, Alzheiner's disease, @ullain-Barre syndroneg,

Par ki nson's di sease and ot her Parkinsonian disorders, ALS, nmultiple ~
sclerosis, other central nyelin disorders,3gtroke and i schem a associ at ed

wi th stroke, neural paropathy, other neural degenerative 15 di seases, notor
neuron di seaseggpSghat i §gChmsh) . n@Héggﬁﬁggrgsgggi§¢ggw%gt@odg@p§t§s, spi na
cord injuries, PaC|aI nerve crush and other trauma, chenotherapy- and ot her
medi cat i on- i ndbowdsnatir aphi Gnbstenpelr #mEe ngt e ssell Gebse. W29 | n anot her
aspect of this gghodtpenly Lier TPLAOLLd HOEA L0 81 GUALES Neryge OTOVLN ex
vivo. For this aspect, the conpounds or ‘conpositions described above can be
appl i ed directkgstdueheznetakenetpsin rethyd tagetathi 6288 prkl afidtwaténventi on
is useful for Vi v e [ rdl t | ternate
embodi ment 1 e CrEbhba ShEct HEpEPTTEREL ol AAEEP BT By g enting

neur odegener at eoditbempreEesNt NeOChdernti b bield ofastacdaieveda patient or ex

vivo nerve cells in cul o 8 %IBQ* %@ ﬁﬁ,ﬁésog“’hélﬁ%gﬁ%é&%%h as those

contained in the conpositions of 1Sl I on ve. This
embodi ment i nchubiperadsi MgICeramg edrcertmpRLAd undkt redueed @regdioe agent in
a single dosagg, Lormel LRgsRe ale plM 41! & 105305 Lo TE. SR, they, Are to
10 chromatography using a gradient solvent system of 1:99
( methanol/methylene chloride followed by 1:10:90

NH4OH/methanol/methylene chloride to give 2.2 g (81%

yield) of the title compound as a colorless oil. TLC:
Rf=0.11 (1:10:90 NH40H/methanol/methylene chloride),

15 HPLC: Rt= 5.22 min, {lH)-NMR (CDCl3) consistent with

structure.
C. N- (4-Nitrobenzenesulfonamido)-(S)~-Piperidine-2-
Carboxylic Acid-2-((N Methyl)-2-Pyridylethyl)
20 Amide.
fHs
N N N
( ) l
0=$=0 0

NO2
To a solution of the compound of part B (200
mg, 0.81 mmol) in methylene chloride (5 ml) was added
triethylamine (2.0 ml, 101.19, 19.8 mmol) followed by the
25 addition of 4-nitrobenzenesulfonylchloride (260 mg, 1.22
mmol). The mixture was allowed to stir at ambient
temperature for 24 hours. The solution was diluted with

100 ml ethyl acetate and a saturated solution of sodium



- 37 admnistered to a patient. If separate dosage forns are utilized,

may be adm ni stered concurrently,

hours of one

mllion relat

t hey

consecutively or within |l ess than about 5

another. 5 In order that the-invention described herein may be
nore fully understood, the foll ow ng exanples are set forth. It should be
understood that these exanples are for illustrative purposes only and are
not to be construed as Iimting this invention in any manner. 10 Gener al
Met hods Proton nucl ear magnetic resonance_(%% NVR) spectra were recorded at
500 MHz on a Bruker AMX 500. Chem cal shift’s are reported in parts per

ive to Me4Si. Analytic hi gh performance .Iiqujd 15. .
chr omat ogr aphy Wrﬁ@rr\‘a&rerre@%oﬁ‘ld Fb\?vlgll'iﬁ F%%@Kﬁreod’ ﬁf&ﬁfnﬁqsqﬁe&ec ot ogr aph.

EXAMPLE 1 N-(

Aci d-2- ((N Met

VAH RRRAERNES MdsenaErdd ecnDertiarddliungied Carchmed i C
hyl)-2-Pyrid Ietﬁis?rh Am de 20 The synt hesis of

N- (9- ani nobenz eresufmenaniTe) ciEe FIREhicd wa RiEEGeA (Vda medium

aci d- 2- (( N- nmet

Met hyl ) - 2- Fyri

( 10

15

20

25

1-(Tert- ester)-2-((
diysytiest lnfl yne t26y Lamied &hlow3 deN fiel hgwed by (1+/29 metdqianciy) co

methylene chloride solution to give 273 mg (78% yield) oZ
the title compound as an yellowish oil. TLC: Rf£=0.57

(5:95 methanol/ methylene chloride), [1H]-NMR (CDCl13)

consistent with structure.

D. N- {4-aminobenzenesulfonamido)}~ (S)-piperidine-2-
carboxylic acid-2-((N-methyl)-2-pyridylethyl)
amide (compound 1).

c
i
N

NH 2
A sclution of the compound from step C (273 mg, 0.63

mmol) in ethyl acetate (10 ml) and ethanol (10 ml) was
treated under ambient temperature with 150 mg of 10%
palladium on carbon and hydrogenated for 24 hours under a
slight positive pressure of hydrogen. The mixture was
filtered and concentrated in vacuo and the crude product
purified via medium pressure liguid chromatpgraphy using
methylene chloride followed by 2:98 methanol/ methylene
chloride followed by 0.5:5:95 NH4O0H/methanol/ methylene
chloride solution as the solvent system to give 102 mg
(40% yield) cof the title compound as z yellowish oil.
TLC: Rf=0.36 (1:10:90 NH4OH/methanol/methylene chloride),

HPLC: Rt= 6.86 min, [lH]-NMR (CDCl3) consistent with

structure.

D05 DA sl ptisgr, gysiutelou

(S)-pi peridine?



To a solution of (S)-piperidine-1,2 dicarboxylic acid 1-tert-butylester (5.0
g, 21.8 mol) in nethylene chloride (50 mM) was added EDC (6.0 g, 191.71, -
38 31.2 mmol) followed by the addition of 2-(2- nethylam noethyl)pyridine
(3.0 g, 22 mol) The m xture was allowed to stir at ambient tenperature for
24 hours. The solution was diluted with 200 M ethyl 5 acetate and water (50
m ) _The aqueous | ayer nmade basic by the addition of 2N NaCH until pH 12-13
was achi eved. The separated organi cs were “dri-ed over anhydrous MyS04 and
concentrat ed under reduced pressure. The crude product was purified via

medi um pressure |i qU| d 10 chromat ogr apWa gr adi ent sol vent system of

1: 99 net hanol / gr{nmﬁ}y)l ene
chl oride sol uti‘d ue as a

colorless oil. TLC REAgARS Nrieg e Eﬁ—-[lkb NMVR
(CDC13) 15 consistent w.,th str ture. ( L €2~ ylisc Acid-2-
((N Methyl)-2-Pyridyl et 3 ESI§J§% (ﬁi ELB% ﬂ&¥} g'\ﬁ&g@&npéund of
{)a_r]E I A (3.B ?Zadﬁl&dbﬁﬂﬂBQ e)nelsrouln%ﬁurﬂmmﬁl o calr)eBcﬂpirl]'@rnlygieN(-Z(B-rﬂp)yb%I\ml na@gfé? G
ri fluoroacetic a : ) m xt.ur. S o stir
hours at anbi eerﬁh@énfetr ﬁl&:i”ea.mﬁ?e écoq“j&lucg)nd v%gs(?Ls S8 49° SR

—

(N-Methyl)-2- (Methyl-2- (Tertbutyloxycarbonyl)
Amino-3-Phenyl-N-(3- Pyrldln—4 yl)-Propylbutyl
Propionamide.

( CH,

5_

(]

To a solution of Boc- (N-Methyl)phenylalanine
(5.0 g, 17.8 mmol) in methyler- chloride (50 ml) was
added EDC (6.0 g, 181.71, 31.Z mmol) followed by the
addition of 2-(2-methylaminoethyl)pyridine (2.5 g, 18.4

‘,_l
w

mmol).. The mixture was allowed to stir at ambient
temperature for 24 hours. The solution was diluted with
200 ml ethyl acetate and water (50 ml). The agueous
( layer was made basic by the addition of 2N NaOH until pH
12 wés achieved. The separated organics were dried over
20 anhydrous MgS04 and concentrated under reduced pressure.
The crude product was purified via medium pressure
liguid chromatography using a gradient solvent system of
1:99 methancl/methylene chloride followed by 2:98
methanol /methylene chloride solution to give 2.83 g (40%



concentrated under reduced pressure to dryness. The residue was taken up in
ethyl acetate (200 m) and water 5 (50 m).- The aqueous | ayer was nade basic
by the addition of 2N NaOH until pH 14-15 was achi eved. The separated
organics were dried over anhydrous MgySO4 and concentrated under reduced
pressure. The crude product was purified via nmediumpressure liquid 10
chromat ography using a gradi ent sol vent system of 2:99 nethanol/nethyl ene
chloride followed by 1:10:90 NHACH net hanol {pet hyl ene chloride to give 2.2 ¢
(81% vyield) of the title conmpound as a colorless oil. TLC: Rf=0.11 (1:10:90
NHAOH et hanol / gebiy) epe ehéotided, cdbpdh& aRs Sol3rmkBs bildl - NvBc( CDC13)
consistent wth structure. C

N- (4- Ni t r obenzeREsQl $6nahi 8D)mé shafd bArnetmel @re Canboxytiet, A¢tHI 2NERN

Met hyl ) -2-Pyrid ) .20, Am de. X N 0=S=0 O N2 To a solution of
t he conmpound ofyégé?gg f%%ﬁléﬁ%gtdvgghﬁ%%ﬁ?g#QF%ﬁthyIene chloride (5 m) was
added triethylamne (2.0 m, 101.19, 19.6 mol) followed by the 25 addition
of 4-ritrobenzenesul fonylchloride (260 ng, 1.22 mol). The m xture was

allowed to stir at ambient tenperature for 24 hours. The solution was
diluted with 100 m ethyl acetate and a saturated sol ution of sodium



40 bicarbonate (50 m ). The separated organics were dried over anhydrous
MySO4 and concentrated under reduced pressure. The crude product was
purified via medium pressure liquid chromatography using a gradient sol vent
5 system of nethylene chloride followed by 1:99 nethanol/ nethylene chloride
solution to give 273 ng (78%yield) of the title conpound as an yell ow sh
oil. TLC Rf=0.57 - (5:95 nethanol/ nethylene chloride), [1H -NVR (CDC13)
consistent with structure. 10 D. 43

N- ( 9- am nobenzenesul f onam do) - (S) - plperldlne 2 carboxylic

aci d- 2- ((N-met hyl ) - 2- pyrigyhet Byl ) -2 amhélen frammandIonedy1 G CH8 N N 0=S=0

0O NH2 15 A solution of 5 e ggﬂp@ e £ K St £ o a3y, 0.63 mmol) in
ethyl acetate (10 m) and éthanol {10 m) was treated under anmbient

tenperature with 150 ng of 10% _pal |l adi um on carbon and hydrogenated for 24
hours under a slight positive gssur e of hydrogen. The m xture was 20
filtered and concentrated in and the crude product purified via nmedium
pressure |iquid chronatography | ene chloride foll owed by 2:98

nmet hanol / methyl ene chloride i : 5,05 NHACH net hanol / net hyl ene

5 To the compound of step A (2.83 g, 7.1 mmol) 1in
methylene chloride (25 ml) was added trifluoroacetic acid
/ (10 ml, 130 mmol). The mixture was allowed to stir 2
hours at ambient temperature. The solution was
concentrated under reduced pressure to dryness. The
10 residue was taken up in ethyl acetate (200 ml) and water
{50 ml). The agueous layer was made basic by the
addition of 2N NaOH until pHE 14-15 was achieved.
The separated organics were dried over

anhydrous MgS0O4 and concentrated under reduced pressure.

'_l
w

The crude product was purified via. medium pressure
ligquid chromatography using a gradient solvent system cf
1:9% methanol/methylene chloride followed by 1:10:80
NH4OH/methanol/methylene chloride) to give 1.53 g (75%

{ yield) of the title compound as a colorless oil. TLC:
20 Rf=0.70 (1:10:80 NH40H/methanol/methylene chloride).

HPLC: Rt= 5.54 min, [1H]}-NMR (CDCl3) consistent with

structure.



25 (40% vyield) of the title conpound as a yellowish oil. TLC Rf=0.36
(1:10: 90 NHAOH net hanol / met hyl ene chloride), HPLC. Rt= 6.86 mn, [1H -NWR
(CDC-13) consistent with structure. 41 EXAMPLE 2

(S)- (N Met hyl)-2-(Met hyl - (4- Am no- Benzenesul f ani | am do) ) -
3-Phenyl -N-(2-(Pyridin-2yl) Ethyl) Propionam de The synthesis of
(S)-(N-nethyl)-2-(nmethyl-(4- 5 -
anino-benzenesulfaniIanido))-S-phenyI-N—(2;(Q!r1din-2y|) et hyl) propi onam de

(conpound 2) is set forth below A
(N-Methyl)-2-(Methyl-2-(Tertb | o bonyl s _
Ami no- 3- Phenyl - N- ( 3-Pyri F#])ZH\HY € \ “gu{ %thiggg oﬁl fgg-(zg‘l?: 9H3C~ N N
W ‘?h]a%i f LU g, 17.8 nol ) in
met hyl er- chloride (50 m YPYRPLo4c YRR 31. 2 nmol ) fol | owed
by the addition of 2-(2-nethylam noethyl)pyridine (2.5 g, 18.4 15 nmmol). The
m xture was allowed to stir at amefen tenperature for 24 hours. The
solution was diluted with 200 m | acetate and water (50 nl) . The
aqueous |ayer was made basic by t ?H:,Of 2N NaOH until pH 12 was
achi eved. The separated organics ed iedNover Zoalanhydr ous MyS04 and
concentrated under reduced pressure™Ny r t was purified via
medi um pressure liquid chronatogrqﬂpg=E§ ng a grddi egt sol vent system of

0)00 ,h To a solution of ‘iﬁ(ﬁ

( NO,
5 To a solution of the compound of step B (300

mg, 1.05 mmol) in methylene chloride (15 ml) was added
triethylamine (2.0 ml, 101.1%, 19.8 mmol) followed by the
addition of 4-nitrobenzenesulfonylchloride (330 mg, 1.56
mmol). The mixture was allowed to stir at ambient

10 temperature for 24 hours. The solution was diluted with
100 ml ethyl acetate and a saturated solution of sodium
bicarbonate (50 ml). The separated organics were dried
over anhydrous MgSC4 and concentrated under reduced
pressure. The crude product was purified via medium

15 pressure liquid chromatography using a gradient solvent

( system of methylene chloride followed by 1:92 methanol/

methylene chloride solution to give 453 mg (89% yield) of
the title compound as a yellowish oil. TLC: Rf=0.63

(5:95 methanol/ methylene chloride), [l1H]-NMR (CDC13)

20 consistent with structure.



1: 99 net hanol /et hyl ene chloride followed by 2:98 nethanol / nethyl ene
chloride solution to give 2.83 g (40 42 yield) of the title conpound as a
colorless oil. TLC. Rf=0.56 (5:95 nethanol/ nethylene chloride), [1H -NWR
(CDC13) consistent with structure. 43 B. o

(N-net hyl ) - 2- (et hyl am no) - 3- phenyl - N-(2- (pyridin-2yl)ethyl) propionamde. ?
H3 H3C~- NN HO107 5 To the conpound of step A (2.83 g, '7.1 mmol) in

met hyl ene chloride (25 m) was added triflugsoacetic acid (10 m, 130 mmol).
The m xture was allowed to stir 2 hours at anbient tenperature. The solution
was concentrated upder e u‘(:ﬁdmp{g L £ (e pe&,s.ar;mgg-lo resi due was taken
up in ethyl acetate (200p0]).384d uﬁ@-ﬁil éﬁb lEiléﬁ%idM@S made

basic by the addition og p% ) ubtdh l&ﬁgﬂfbgfnagﬁbguﬂaeyﬁd The separat ed
organi cs were dried over ydrous MjSO4 and concentrated under reduced

pressure. 15 The crude product purlfled via. medium pressure |iquid
chromat ography using a gradient pnt system of  1: 99 net hanol / net hyl ene

i . 10: et hanol / met hyl ene chloride) to give 1.53
g (75% vyield) of the title conpouid & a ®dborless oil. TLC: 20 Rf=0.70

( 5 A solution of the comp;ﬁgd from step C (453 mg, 0.94
mmol) in ethyl acetate (20 ml) was treated under ambient
temperature with 150 mg of 10% palladium on carbon and
hydrogenated for 24 hours under a slight positive
pressure of hydrogen. The mixture was filtered and

10 concentrated in vacuo and the crude product purified via
medium pressure liguid chromatography using 2:98
methanol/methylene chloride followed by 0.5:5:95
NH40H/methanol/methylene chloridg solution as the solvent
system to give 194 mg (46% yield) of the title compound

15 as a yellowish oil. TLC: Rf=0.46 (1:10:90 NH4O0H/

( methanol/methylene chloride), HPLC: Rt= 9.04 min, [lH]-
NMR (CDCl3) consistent with structure.

EXAMPLE 3
N- (4-Nitrobenzenesul fonamido) - (S)-Piperidine-2-Carboxylic
20 Acid- ((N Methyl)=3-(Pvridin-3-Y1l)Propvl}! Amide

The synthesis of N~ (4-nitrobenzenesulfonamido)-
(S)-piperidine-Z2-carboxylic acid-((N-methyl)-3-(pyridin-

3-yl)propyl) amide (compound 3) is described below.



HPLC. Rt- 5.54 mn, [1H)-NWR (CDCl3) consistent with structure. 44 C
(S)-(N-nethyl)-2-(methyl-(4-nitro- benzenesul fanil am do)) - 3- phenyl - N- ( 2-
(pyridin-2yl1l) Ethyl) propionanmide. ?H3 HN~ O=N 0=5=0 0 O N2 5 To a .
sol ution of the conmpound of step B (300 ng, 1.05 mmol) in nethylene chloride
(15 M) was added triethylamne (2.0 m, 101.19, 19.8 mol) followed by the
addi ti on of 4-nitrobenzenesul fonylchloride (330 ng, 1.56 mmol). The m xture
was allowed to stir at anbient 10 tenperatuse& for 24 hours. The sol ution was
diluted with 100 m ethyl acetate and a saturated sol ution of sodium

. bi carbonate (50 mpa. The- sepe¥FhEsk &5 @PRH Bgr W@Iwe dri ed over anhydrous MyS04
and concentrated under reduced pressure. The crude product was purified via

medi um 15 pressure |liquid chromat ogpa Si gradi ent sol vent system of

met hyl ene chloride foll owed by 1:99 net hanol/ t hyl ene chloride solution to
give 453 ng (89%yield) of the title conmpoun S a yellowish oil. TLC

Rf =0.63 (5:95 nmethanol/_nethyl ene chloride), [gjgéIVNR (CQF13%_§8 consi st ent
with structure. 45 D. (?9-??@9&&?%93-9%( YRAGRERFRRpRRCL | S
benzenesul f anidam dgugd1 B-Rhemwe - bd ZnlPWdd iddded triphenylphosphine
{(20.0 g, 7€.2 mmol) followed by the addition of bromine
(5.4 mi, 104 mmol). The mixture was allowed to stir at
ambient temperature for 48 hours. The solution was
diluted with 200 ml water and the aqueous layer made
basic by the addition of 2N NaOH until pH 12-13 was
achieved. The organics were taken up in ethyl acetate
(200 ml). The separated organics were dried over
anhydrous MgS04 and concentrated under reduced pressure.
The crude product was purified via medium pressure
liguid chromatography using a gradient solvent system of
methylene chloride followed by a 1:99 methanol/ methylene
chloride solution to give 11.8 g (B5% yield) of the title
compound as an yellowish orange oil. TLC: Rf=0.8 (3:97

methancl/ methylene chloride), [lH]-NMR (CDCl3)

consistent with structure.

B. N-Methyl-3-(3-Aminopropyl)-Pyridine.

Hsvzﬂxw,f\l:njj
CHj
N

A solution of the compound from step A (11.8 g,
58 mmol) in methanol (50 ml) was bubbled N-methylamine
gas for a period of 10 to 15 min until saturated. The
flask was sealed and the mixture allowed to stir

overnight at ambient temperature. The miXture was

concentrated in vacuo and the residue taken up in ethyl



2yl ) et hyl) propi onam de (conpound 2) 1 H3 H N NN 0=5=00 NH2 5 A solution
of the conpound fromstep C (453 ng, 0.94 mol) in ethyl acetate (20 nm) was
treated under anbient tenperature with 150 ng of 10% pal | adi um on car bon and
hydr ogenated for 24 hours under a slight positive pressure of hydrogen. The
m xture was filtered and 10 concentrated in vacuo and the crude product-
purified via nmediumpressure |iquid chromatography using 2:98

met hanol / met hyl ene chloride foll owed by 0:5%5:95 NH40H net hanol / met hyl ene
chl oride solution as the solvent systemto give 194 ngy (46%yield) of the

tit |he Cf’,”pouﬂdfmééaeﬁ awgld;@é\ir sh Thé . ad&su R Rlveld Wals b uwumﬂgby
met hanol / met hyl ene chl ori de HPLC. Rt- 9,04 mon - NMR.(]X§3 .
consi stent wit Bhst pAEEEieD gk a@ until phH 4- 15 Mgs "ML e

N-(4-Nitrobenzgpggyh Eonagi doyak&) -iip | Peréehye-aeCathoxydsc m20 Adire ((N

Met hyl ) -3-(Pyridin-3-Yl)Propvl) Am de The synthesis o
N- (4- ni t r obenz&AR3TAF BRaRT ERNLCT SYehF par e ek cad?}b‘ﬁéaﬁlisc MgS04 anc

aci d- ((N-maf hyL )= 3 LoYLE gl Nandey! ) @00V )pAll g 4 comppuindHe it iRaar i bed

bel ow. 46nE§A. é%?ggg?%%%éopﬁ%-wﬁdl ne.p Br~ N To a solution of

3- pyri di nepr oppuoi £{€d501 g, mecium pressure liquid chromatography using
methylene chloride followed by 5:95 methanol/ methylene

chloride followed by a 1:10:90 NH40H/methanol/ methylene

chloride solution as the solvent system to give 3.2 g
10 (36% yield) of the title compound as colorless oil. TLC:
Rf=0.14 (1:10:90 NH4OH/methanol/methylene chloride),

[1H]-NMR (CDCl3) consistent with structure.

C. N-methyl- (S)-piperidine-1, 2-dicarboxylic acid-
l1-(tert-butyl ester)-3-{{pyridin-3-yl)propyl)

amide.
?Ha / l
N
N N

o’ko °

P

To a solution of (S)-piperidine-1,2

[y
tn

{ dicarboxylic acid l-tert-butylester (2.28 g, 9.9 mmol) in
methylene chloride (30 ml) was added EDC (2.0 g, 1%21.71,
20 10.4 mmol) followed by the compound from step B (11.8 g,
59 mmol). The mixture was allowed to stir at ambient
temperature for 24 hours. The solution was diluted with
200 ml ethyl acetate and a saturated solution of sodium
bicarbonate (50 ml). The separated organics were dried

25 over anhydrous MgS04 and concentrated under reduced

pressure.

The crude product was purified via medium

pressure liquid chromatography using a gradient solvent



69.3 mml) in DW (50 m) was added tri phenyl phosphine (20.0 g, 76.2 nmol)
foll owed by the addition of bromne (5.4 m, 104 nmmol). The m xture was
allowed to stir at anbient tenperature for 48 hours. The solution was
diluted with 200 mM water and the aqueous | ayer nmade basic by the addition
of 2N NaOH until pH 12-13 was achieved. The organics were taken up in ‘ethyl
acetate (200 ml). The separated organics were dried over anhydrous MSO4
and concentrated under reduced pressure. —~Th® Ttrude product was purified via
medi um pressure |iquid chromatography using a gradient solvent system of

met hyl ene chl ogysteefiobf olvedd bye than®b/methwlend ¢etdwidaneiotheveddeYsol ution

to give 11.8 ¢ %vyield f _ ifle vel |l ow ﬂ os apge oi |
TLC R=0.8 (265 Herhanst] TECRy St RfSTR o Th fEaR (BB 7

consi stent with33trucélde. oB. the Mot hié -Sniound opropsdloriessiadi. CH A
solution of the conpound fromstep A (11.8 g, 59 nnnl%.in ngthanfi,g50 m)
was bubbl ed N-ThEhyRERP nd (227 JReEh#RR} b eEbNAERS A5 AF hdGht i [ E4T urat ed.
The flaskgwasggealescopf Loesidxdn¥ ewpth oveshdusdir  overnight at anbi ent
tenperature. The m xture was concentrated in vacuo and the residue taken up
inethyl - 4 7 acetate and water. The aqueous | ayer was nmade basic by the
addi ti on of 2N NaODunt i IS ptbiple 1bd ivae- 2otd phvaxly 1 theac ydghiitee Wey k) T aken up
in ethyl acetate (250 m J- (F¥meidsepdral kprapyniawider e dried over anhydrous

MySO4 and
fra
N

"
H o 110

——

To the compound from step C (1.2 g, 3.3 mmol)
10 in methylene chloride (20mlL) was added trifluoroacetic
acid (10 ml, 130 mmol). The mixture was allowed to stir
3 hour s at ambient temperature. The solution was
concentrated under reduced pressure to dryness. The
residue was taken up in ethyl acetate (200 ml) and 2N
15 NaOH (50 ml). The separated organics were dried over
anhydrous MgS04 and concentrated under reduced pressure.
Tne crude product was purified via medium pressure
ligquid chromatography using a gradient solvent system of
5:95 methanol/methylene chloride followed by 1:10:90
20 NH4COH/methanol/methylene chloride) to give 850 mg (98%
vield) of the title compound as a colorless oil. TILC:
Rf=0.17 {1:10:90 NH4CH/methanol/methylene chloride).,

HPLC: Rt= 6.67 min, [lH]-NMR (CDCl3) consistent with

structure.



5 concentrated under reduced pressure. The crude product purified via medium
pressure |liquid chromatography using nethylene chloride followed by 5:95

nmet hanol / methylene chloride followed by a 1:10: 90 NH4OH net hanol / net hyl ene
chloride solution as the solvent systemto give 3.2 g 10 (36%yi el d) of t he
title conpound as colorless oil. TLC. Rf=0.14 (1:10:90 -
NH40H net hanol / net hyl ene chloride), [1H -NVR (CDC13) consi stent mnth
structure. C. N-nethyl-(S)-piperidine-1,2-digarboxylic acid- 1-(tert-butyl
ester)-3-((pyridin-3-yl)propyl) 15 amide, H3 NN OO O To a sol ution of
(S)-piperidine-1,2 @ carhwexytng raebéntehestilbohyghess pr (62-R8pgri8identwl ) in
met hyl ene chloride (30 M kawasxgddedaERE-(ANOmgrh$Pl-31 (pROid0n43aMDIl )

foll owed by the conpound fynomrebeR)Bafnite8 g, 59 mmol). The m xture was
allowed to stir at ambient tenperature for 24 hours. The solution was
diluted with 200 m ethyl acetate d a saturated ution of sodium

bi carbonate (50 nml). The separate
My504 and concentrat ed under reduced
purified via medium pressure quui& natography usi ng a gradi ent sol vent
48 system of 1:99 net hanol / net hybese=@Itt ori de foll owed by 5:95 nethanol/
nmet hyl ene chloride solution to givejl.2 g (33%yield) of the title conpound
as a colorless oil.

NO,
To a solution of the compound from step D (250

mg, 0.96 mmol) in methylene chloride (15 ml) was added
triethylamine (2.0 ml, 101.19, 19.8 mmol) followed by the
addition of 4-nitrobenzenesulfonylchloride (300 mg, 1.42
mmol). The mixture was allowed to Stir at ambient
temperature for 24 hours. The solution was diluted with
200 ml ethyl acetate and a saturated solution of sodium
bicarbonate (50 ml). The separated organics were dried
over anhydrous MgS0O4 and concentrated under reduced
pressure. The crude product was purified via medium
pressure liguid chromatography using a gradient solvent
system of methylene chloride followed by 1:99 methancl/
methylene chloride solution to give 165 mg (37% yield) of
the title compound as a yellowish oil. TLC: Rf=0.52

(5:25 methanol/ methylene chloride), [1H]-NMR (CDCl3)

consistent with structure.



TLC. Rf=0.28 (5:95 nethanol/ methylene chloride), [1H 5 NWVR (CDC13)
consistent with structure. D. (S)-piperidine-2-carboxylic acid-((N nethyl)-
3-(pyridin-3-yl)propyl) amide. 'H3 CN)'Y H O 110 To the conpound fromstep C
(1.2 g, 3.3 mol) 10 in nethylene chloride (20m.) was added trifluoroacetic
acid (10 m, 130 mmol ). The m xture was allowed to stir 3 hour s at -anbient
tenperature. The solution was concentrated under reduced pressure te-
dryness. The residue was taken up in ethH msxetate (200 m) and 2N 15 NaCH
(50 m). The separated organics were dried over anhydrous My504 and
concentrated under reducad py-asStidbenzEre Sl gioihict {SVespjpper fdenleve a
medi um pressure |iquid cdd e OdiaEDLdSI NDG-rie g1l -e3+ ( syt V@i~ 3y st em of
5:95 net hanol / net hyl ene ol \asdatey Toldniwkd Renischtid ()20

NHAOH et hanol ! met hyl ene chloride) to give 850 ng (98% vyield) of the title
conmpound as a colorless oil. TLC =0.17 (1:10:9 OH et hanol / met hyl ene
chloride)., HPLC. Rt= 6.67 mn, €DC13) {conglistent with structure.

- 49 E. N (4-nitrobenzenesul fona NQi i N carboxylic
acid-((N-methyl)-3-(pyridin-3- yl)pfopyli) amde. H3 ) N
0=8=00
NH 5

5 A solution of the compound from step E (165 mg, 0.35
mmol) in ethyl acetate (20 ml) was treated under ambient
temperature with 150 mg of 10% palladium on carbon and
hydrogenated for 24 hours under a slight positive
pressure of hydrogen. The mixture was filtered and

10 concentrated in wvacue and the crude

< M
c
0
}J.
o
To]

medium pressure liquid chromatograph
chloride followed by 2:98 methanol/.
methylene chleride followed by 0.5:5:95 NH40H/methanol/
methylene chloride solution as the solvent system to give
15 60 mg (41% yield) of the title compound as a yellowish
cil. TLC: Rf=0.20 (5:95 methanol/methylene chloride),
( HPLC: Rt= 7.25 min, [{H]-NMR (CDC13) consistent with

structure.

EXAMPLE 4
20 (S)- (N-Methyl)~2- {(Methyl- (4-Amino-Benzenesulfanilamido)) -
3-Phenyl-N-(4- (Pyridin-3-Y1l)-1-
(3=~ (Pyridin-3vl)Propvl) Butyl) propionamide

The synthesis of (5)- (N-methyl)-2-{methyl- (4-
amino-benzenesulfanilamido))-3-phenyl-N- (4~ (pyridin-3-
25 yl)-1-(3-(pyridin-3yl)Propyl) butyl) propionamide is set
forth below.



NO=S-OO N2 To a solution of the conmpound fromstep D (250 ng, 0.96 mmol)
in methylene chloride (15 mM) was added triethylamne (2.0 m, 101.19, 19.8
nol ) followed by the addition of 4-nitrobenzenesul fonylchloride (300 ny,
1.42 mol). The mxture was allowed to stir at anbient tenperature for 24
hours. The solution was diluted with 200 ml ethyl acetate and a sat-urated
sol uti on of sodium bicarbonate (50 m). The separated organics were dried
over anhydrous MyS04 and concentrated under sneduced pressure. The crude
product was purified via nedium pressure |iquid chromatography using a

gradi ent solvent system of)m-hdeng )-P-amedd yiield-owed by 1:99 net hanol /

nmet hyl ene chl ori de solutlggkﬂgh BB& tﬁ&yﬁszﬂmykﬁL@}p@bnyuha—tMPIe conpound
as a yellowish oil. TLC R0 1195 1et3hapyiri diei-Evan e relplydn bde) ) )

[ 1H - NMR (CDC13) consi stgip ﬂ@ﬁéﬁfﬁé’ucture 50 F.

N (4- n|trobgnzenesulfonan1do) (S)-piper idine -2- carboxylic acid-(
(N-methyl) -3- (pyridin-3- yl)prgpyl) am de C(conpo 3). N:,,,, N O! 1Y
0=S=0 0 NH2 5 A solution of th§ 65 ng, 0.35 mol) in
ethyl acetate (20 m) was treat &g

To a solution of Boc- (N-Methyl)phenylalanine
(1.42 g, 5.1 mmol} in methylene chloride (10 ml) was
added EDC (0.98 g, 191.71, 5.1 mmol) followed by the
10 addition of N-methyl-1,7 bis(3-pyridyl)-4-heptylamine
(1.2 g, 18.4 mmol). The mixture was allowed to stir at
ambient temperature for 24 hours. The scolution was
diluted with 100 ml ethyl acetate and & saturated
solution of sodium bicarbonate (50 ml). The separated
15 organics were dried over anhydrous MgSC4 and concentrated
under reduced pressure. The crude product was purified
via medium pressure ligquid chromatography using 2:88
( methancl /methylene chloride solution to give 970 mg (42%
yield) of the title compound as a colorless oil. TLC:

20 Rf=0.51 (5:95 methancl/ methylene chloride), [1H]-NMR
{CDCl3) consistent with structure.



tenperature with 150 ng of 10% pal | adi um on carbon and hydrogenated for 24
hours under a slight positive pressure of hydrogen. The m xture was filtered
and 10 concentrated in vacuo and the crude product p,,, fJed via nmedium
pressure |iquid chromat ography using nethylene chloride followed by 2:98

met hanol /. net hyl ene chloride followed by 0.5:5:95 NHAOH net hanol / net hyl ene
chloride solution as the solvent systemto give 15 60 ng (41%yield) of the
title conpound as a yellowish oil. TLC. Rf=0.20 (5:95 nethanol /nethyl ene
chloride), HPLC Rt=7.25 mn, [1H-NWR (CDGI3)_consistent with structure.
EXAMPLE 4 20 (S)- (N Methyl)-2-(Methyl-(9-Am no- Benzenesul fani | am do)) -

3- Phenyl - N- (9- (Pyri dn- 3- Y3k 1N-ﬁ§tﬁ§>ytgdh@t§yﬂ3,ﬁ>{19@yj )p}lgglrtl)yi) pr opi onam de
The synthesis of (S)-(Nnpthyl)y2:458L By I(fi(BT%yridin-B-yl-propyl)-butyl]-
am no- benzenesul f ani | am dB}%J' ‘3695‘%? &-N-(4-(pyridin-3- 25
yl)-1-(3-(pyridin-3yl)Propyl} buty %{ D

A (S)-(Nnmethyl)-2-(nmethyl-2- ter
(pyridin-3-yl)-1-(3-(pyridin-3-yl
N OOON

ropionanm de is set forth below - 51

To the compound of step A (5.0 g, 9.2 mmeol) in
5 methylene chloride (20 ml) was added trifluorcacetic acid (20
ml, 260 mmcl). The mixture was allowed to stir 3 hours at
ambient temperature. The solution was ccncentrated under
reduced pressure to dryness. The residue was taken up in
ethyl acetate {200 ml) and a saturated solution of sodium

10 bicarbonate (100 ml). The separated organics were dried over
anhydrous MgS0O4 and concentrated under reduced pressure. The
crude product was purified via medium pressure liquid
chromatography using a gradient solvent system of 1:99
methanol/ methylene chloride followed by 5:95 methanol/

15 methylene chloride followed by 1:10:90
NH40H/methanol/methylene chloride) to give 3.12 g (76% yield)
of the title compound as a colorless oil. TLC: Rf=0.38
(1:10:90 NH4OH/methanol/methylene chloride). HPLC: Rt= 9.52
min, [1H]-NMR (CDCl3) consistent with structure.



To a solution of Boc-(N- Mthyl)phenylalanine (1.42 g, 5.1 mol) in nethylene
chloride (10 M) was added EDC (0.98 g, 191.71, 5.1 mmol) followed by the 10
addition of Nenethyl-1,7 bis(3-pyridyl)-4-heptylamne (1.2 g, 18.4 mol).
The m xture was all'owed to stir at anbient tenperature for 24 hours. The
solution was diluted with 100 m ethyl acetate and a saturated sol ution of
sodi um bi carbonate (50 m). The separated 15 organics were dried over
anhydrous MgS04 and concentrated under reddced pressure. The crude product
was purified via medium pressure liquid chromatography using 2:98

met hanol / met hyl ene ch| ori g8 -s@i-wldtdrylt 6 2gi e tByQ-ng-(42% yield) of the title
conpound as a col orl ess GiitrcHe®ze2@sBN*An31amddes ) ratparalyl -Net(hyl ene
chloride), [1H -NWR (CDGE3)ricamsizstyant 1wi(Gh (plyrietinF8-y32prBpyl)Butyl)
(2S) - N- Met hyl - 2- met hy| anmigiepd-opfagiide-.
N-[4-pyridin-3-yl-1-(3-pyridin-3-yl-propyl)-buty.]- propionamde N CH3 H3C'N
N HON To the conpound of ste- 5. n 5 nmet hyl ene chloride
(20 M) was added trifl uoroacet ). The m xture was

allowed to stir 3 hours at anbsg . | ution was
concentrated under reduced pressure o‘f” —Ahe residue was taken up in
ethyl acetate (200 m) and a saﬂym@ﬁes Sg ign of sodium
]
0=5=00

NO .
5
To a solution of the compound of step B (1.5 g,

3.4 mmel) in methylene chloride (20 ml) was added
triethylamine (5.0 ml, 101.19, 35.8 mmol) followed by the
addition of 4-nitrobenzenesulfonylchloride (1.0 g, 4.7

10 mmol). The mixture was allowed to stir at ambient
temperature for 24 hours. The scolution was diluted with
150 ml ethyl acetate and washed with water (50 ml). The

separated organics were dried over anhydrous MgS04 and

concentrated under reduced pressure. The crude product
15 was purified via medium pressure liquid chromatography
/ using a gradient solvent system of methylene chloride
L followed by 1:99 methanol/methylene chloride solution to
give 1.75 g (B3% yield) of the title compound as a
yellowish o©il. TLC: Rf=0.67 ({5:95 methanol/methylene

20 chloride), [1H]-NMR (CDCl3) consistent with structure.



10 bicarbonate(100 m ). The separated organics were dried over anhydrous
MyS04 and concentrated under reduced pressure. The crude product was
purified via medium pressure |iquid chromatography using a gradient sol vent
system of 1:99 nethanol/ nethylene chloride followed by 5:95 nmethanol/ 15
nmet hyl ene chloride followed by 1:10:90 NHAOH net hanol / net hyl ene chloride) to
give 3.12 g (76%vyield) of the title conpound as a colorless oil. TEC

Rf =0.38 (1:10: 90 NH4OH net hanol / net hyl ene &ll eride). HPLC. Rt= 9.52 mn,

[ 1H - NMR (CDC13) consistent with structure. 53 C.

(S) - (N-met hyl) - 2- (mef hyl | (54~ (N+metoRanzeramet hgd-l (@ratddpp-3- phenyl - N- (4-
(pyridin-3-yl)-1-(3- (pyr igénredreuliF=e@\iami By y - B-ppeayilenaniddepydt iddh-+H3C, , N
N O=S-Q0 N 5 N2 To a sehuhi-gr @ (phe idarpeerd ) oropy@pbltyl)5 g, 3.4 mmol)
in nethylene chloride (2@p¥phionamiadédgedompbuathylam ne (5.0 nl, 101.19, 35.8
mmol) followed by the addition gk _4-nitrobenzen_es nylcrloride (1.0 g,
4.7 10 mmol ). The m xture was afl oled to stir at affbi ekt tenperature for 24
hours. The solution was diluted 150 m et hyl ate and washed with
water (50 m ). The separated organi ck Hs drj over anhydrous MySO4 and
concentrated under reduced pr esaag‘,cr\e'\.I d¢’ product

( g NH
A solution of the compound of step C (1.75 g,

2.78 mmol) in ethyl acetate (50 ml) was treated under
ambient temperature with 1.0 g of 10% palladium on carbon
and hydrogenated for 24 hours under a slight positive

10 pressure of nydrogen. The mixture was filtered and
concentrated in vacuo and the crude product purified via
medium pressure liquid chromatography using methylene
chloride followed by 1:99 methanol/methylene chloride
followed by 3:87 methanol/methylene chloride solution as

15 the solvent system to give 0.79 mg (47% yield) of the
title compound as a yellowish o0il. TLC: Rf=0.36 (1:10:50
NH4OH/methanol/ methylene chloride). HPLC: Rt= 7.97 min,

[1H]-NMR (CDCl3) consistent with structure.
The synthesis of other compounds of this
20 invention, including those listed in Table 1 above, may
be achieved by modifying the synthesis schemes set forth
in Examples 1-4 using appropriate reagents that are well

known in the art.



15 was purified via nedium pressure liquid chromatography using a gradi ent
sol vent system of nethylene chloride followed by 1:99 nethanol /net hyl ene
chloride solution to give 1.75 g (83%yield) of the title conpound as a
yellowi sh oil. TLC. Rf=0.67 (5:95 nethanol/methyl ene 20 chloride), [1H)-NWR
(CDC13) consistent with structure. 54 D. (9)-(N-nethyl)-2-(nethyl-(4-am no-
benzenesul fani | am do) )-3-phenyl-N- (4- (pyridin- 3-yl) -1- (3-
(pyridin-3-yl) propyl) butyl) propionam.desfconpound 4). N H3 ?r- ) N
OS=OON 5 NHz A solution of the conpound of step C (1.75 g, 2.78 mmol) in
ethyl acetate (50 m) was treated undegxp@pbEest tenperature with 1.0 g of
10% pal | adi um on carbon and hydrogenated for 24 hours under a slight
positive 10 pressure of hydrogen. Th nlxtu £ _vas Lilt red and concentrated
in vacuo and the crude prodgétFPpR F%_ eV z $0te 1iquid

chr omat ogr aphy usi ng net . S hanol / met hyl ene
chloride followed by 3: ﬁﬁérmyﬁﬁhuﬁisnﬁﬂndRMprﬁﬂnmdxna1iﬂQRﬂhnK¥kiQS t he

ol Lowi sn ai | rtefd et G s R S e BB, 15, Py

HPLC. Rt = 7.97cn¢rﬁte salt (compound 1) is set forth below.

A. (8) - plperldlne 1,2-dicarboxylic acid-1-(tert-
butyl ester)-2- (4-pyridylmethyl) amide

n\ﬂ
\
N

PN

o 0

10 Following the method described in Example 1,
part A, (S)-piperidine-1,2 dicarboxylic acid-1- (tert-
butyl ester) (2.0 g, 8.72 mmol) and 4- (aminomethyl)
pyridine (3.18 g, 29.41 mmecl) was converted to 0.75 g

(27% yield) of product. [1H]-NMR (CDCl3) consistent with

15 Structure.

( B. (S) -Piperidine-2-Carboxylic acid,
(4-Pyridylmethyl) Amide

N ™

N
o

Following the method of Example 1, part B, (8)-
20 piperidine-l-carboxylic acid-1- (tert-butyl ester)-2-(4-
pyridylmethyl) amide (0.75 g, 2.35 mmol) gave 0.495 g (95%
yield) of the title compound. [2H]-NMR (CDCl3)

consistent with structure.



(1H)-NMR (CDC13) consistent with structure. The synthesis of other conpounds
of this 20 invention, including those listed in Table 1 above, may be
achi eved by nodifying the synthesis schenmes set forth in Exanples 1-4 using
appropriate reagents that are well known in the art. EXAMPLE 5
(S)-Piperidine-2-Carboxylic Acid, (4-Pvridvlinethvl) Amde Citrate Salt The
synthesis of (S) -piperidine-2- carboxyllc 5 acid-1-(tert-butyl
ester)-2-(4-pyridylnethyl) amde, citrate sgt (conpound 1) is set forth
below. A (S)-piperidine-1,2-dicarboxylic acid-i-(tert- butyl
ester)-2-(4-pyridylmethyl) amde NN O O 10 Follow ng the nethod descri bed
in Exanple 1, part A (9S)- perldlne 1,2 dlcarb yllc acld (tert- but yl
ester) (2.0 g, 8. 72Cmm|)(sén e(ra'tﬁiil W%P EH ﬂﬁ’%ﬁ% , 29.41 nmol)
was converted to 0.75 g P(YZ"?' K r(CDClB) consi st ent
with 15 structure. B. (S)-Pi per| d| ne- Carboxyl ic acid, (4-Pyridylnethyl)
Amide NN H O Follow ng the method of Exanple 1, p CDHEB (S)- 20
pi peridi ne-I-carboxylic agkgd-I-(tert-b ester)- 2(#4 pyridyl met hyl) am de
(0.75 g, 2.35 nmol ) gave[0.49 g (95e [vi et"d) of theX'i4le conpound. [1H) -NM
(CDC13) P HO—C~COH
0 G

COH 104

N
H

A solution of the amine (107 mg, 0.48 mmol)
( from part B and citric acid (84 mg, 0.48 mmol) in
5 absolute ethanol was warmed to 60°C until dissolved. The
solution was concentrated in vacuo ﬁnd the residue was
dissolved in absolute ethanol and concentrated in vacuo
to give a foam. [lH]-NMR (CDCl3) consistent with

sTructure.

10
EXAMPLE 6

(S) -Piperidine-2-Carboxylic Acid,
{(4-Pyridvlmethyl) Amide, Citrate Salt

The synthesis of (S)-piperidine-1,2-
dicarboxylic acid-1- (tert-butyl ester)-2-(3-
( 15 pyridylmethyl) amide, citrate salt is set forth below.

A. (S)-piperidine-1,2-dicarboxylic acid-1-{(tert-
butyl ester)-2- (3-pyridylmethyl) amigde



consistent wwth structure. 56 C. (S)-Piperidine-2-Carboxylic acid, (4-
Pyridylnethyl) Amde, Citrate Salt CY 02H N''I H2 CO2H N HO G NH O YH2
CO2H 104 A solution of the amne (107 ng, 0.48 mmol) frompart B and citric
acid (94 ng, 0.48 mmmol ) in 5 absolute ethanol was warnmed to 60 C until
di ssol ved. The solution was concentrated in vacuo and the residue was-
di ssol ved in absol ute ethanol and concentrated in vacuo to give a foam
[ 1H - NMR (CDC13) consistent with structure?7 -10 EXAMPLE 6
(S)-Piperidine-2-Carboxylic Acid, (4-Pvridvlinethvl) Amde, Ctrate Salt The
synthesis of (S)-piperigdiinewing ¢neare®nd Geaei-dded tiar tE:L‘mtyle(‘axt er)-2-(3
15 pyridylnethyl) amde, citrate salt is .set forth below , A .
(S) - pi peri di RETE, %udi(éar"@dmrilc?%‘&-'ﬁ-‘?ﬂr‘é?t@%a’ © e yLobEer.
(3-pyridyl nebhayly) astde)NN2NO @,- 8172 mmol) and 3- (aminomethyl)

pyridine (3.18 g, 29.41 mmol) was converted to 1.0 g {(36%

yield) of product. [1H}-NMR (CDCl3) consistent with

w

structure.

BE. (S) -Piperidine-2-Carboxylic acid, ({3-
Pyridylmethyl) Amide

| : H
( N\Qﬂ
~ N
H o

10 Following the method of Example 1, part B, {(S)-
piperidine-1,2-dicarboxylic acid-1-(tert-butyl ester)-2-
(3-pyridylmethyl) amide (1.0 g, 3.13 mmol) gave 0.56 g
(82% yield) of the title compound. [1H]-NMR (CDCl3)

consistent with structure.

15 C. {S)-Piperidine-2-Carboxylic acid, ( 3-
Pyridylmethyl) Amide, Citrate Salt

O,H
f D e
N ~ N HO-? —CO,H
H 0 ?*b
CO.H 103

A sclution of the amine (111 mg, 0.51 mmol) in part

B and citric acid (97 mg, 0.51 mmol) was warmed to 60°C
. 20 until dissoclved. The sclution was goncentrated in vacuo

and the residue was dissolved in absolute ethanol angd

concentrated in vacuo to give a foam. [1H)-NMR (CDC13)



| Follow ng the nethod described in Exanple 1, part A (S

- pi peridine-1, 2-di carboxylic acid-I- (ter-- butyl ester) (2.0 g, 8.72 muol)
and 3-(am nonethyl) pyridine (3.18 g, 29.41 mvl) was converted to i.0 g-

(361 5 yiekd) of product. [1H -NWR (CDC13) consistent with

structure. B..

(S)- Piperidine-2-Carboxylic acid, (3- Pyridylmethyl) AmMde NN, \ N HO 10
Fol | ow ng the nethod of Exanple 1, part B, (S)- piperidine-1,2-dicarboxylic
acid- | - (tert -butyl ester)-2- (3-pyridylbethyl) amde (1.0 g, 3.13 mmol)
gave 0.56 g (821 yield) of the title conmpound. [1H) -NWR (CDC13) consi stent
Wi th structurecodbiétefS)wPipestdiuaeuPe Carboxylic acid, ( 3- Pyridyl nethyl)
Am de, Ctrate Salt 902H N N HO-C COzH M O YH2 CO2H 103 A solution of the

amne (111 ng, 0.51 mmol) in part B and citric acid (97 ng,

0.51 nmol ) was

warmed to 60°C 20 until dissolved. ThEX3MPLE| 3dn was concentrated in vacuo
and the residue was di ssolved in absolute ethanol and concentrated in vacuo

to give a foam [1H)-NWVR (EPCh3peridi8e= 2cLBEFHIKGNE cWakh dstr-uct ure.
((N Methyl)-2-Pvridvlethyl) Amide, Citrate Salt

COH
CHy Gh2
N

HO_CI _CO2H

N Ny
N \»/ﬂ\lz;:j qHz
0 # CO,H

Following the method described in Example 5,

part C, (8)-piperidine-2-carboxylic acid-2-({(N methyl)-2-

pyridylethyl) amide (product in example 1, part B) was

converted to a citrate salt. [2H)}-NMR (CDCl3) consistent

with structure.
EXAMPLE 8

(S) -Piperidine-2-Carboxylic acid- ( (N-Methyl) -
3-(Pyridin-3-vl1)Propvl) Amide, Citrate Salt

COH

( Etf/’\\uffii:j ?Hz

ﬁ CHz

o)
CO,H

(

10

Following the procedure described in Example 6, part
C, S)-piperidine-2-carboxylic acid- ({N-methyl)-3-
(pyridin-3-yl)propyl) amide (product from Example 3, part
D) was converted to a citrate salt. [1H]-NMR (CDCl3)

consistent with structure.



EXAMPLE 7 (S)-Pi peridine-2-Carboxylic Acid-2 ((N Methyl)-2-Pvridvlethvl)
Amde Ctrate Salt 902HH3 CH2 N NHOCGCGCX®2H HHO CR®2H Follow ng the
nmet hod described in Exanple 5, part C, (S)-piperidine-2-carboxylic
acid-2-((N nmethyl)-2- pyridylethyl) am de (product in exanple 1, part B) was
converted to a citrate salt. [1H)-NWR (CDC13) consistent wth structure.
EXAMPLE 8 (S)-Piperidine-2-Carboxylic acid-((N Mthyl)-
3-(Pvridin-3-vl)ProbDvl) Amde, Citrate Salts® YO2H C TH3 TH2 N N HO C- CO2H
HO H CO2H 110 Foll owi ng the procedure described in Exanple 6, part C
S) - pi peri di ne-2-carboxylic acid-((N meghyMp1.8- 9(pyridin-3-yl)propyl) am de
(product from Exanple 3, part D) was tonverted to a citrate salt. [1H -NWR
(CDC13) consistent with structure. 59 - EXAVPLE 9
(S) - Pi peridine-2- Car boxyl i qeAcitdperidine-2-Carboxylic Acid,
(1,7-di-pyridin-3-vl)heptan-4-vl) ester, Fumarate Salt

5
A. (S) -Piperidine-1,2-Dicarpboxylic Acid-1- (Tert-
Butyl ester)-2-(1,7-di-pyridin-3-yl)heptan4-yl)
ester

A solution of (1,7-di-pyridin-3-yllheptan-4-ol
(

1)

.6 g, 24.41 mmel) in THF (30 ml) was added to (S)-
piperidine-1,2 dicarboxylic acid-1- (tert-butyl ester)
(5.0 g, 21.81 mmol) and EDC (4.7 g, 24.52 mmol) and

15 allowed tec stir for 18 h at room temperature. The

reaction was diluted with ethyl acetate (200 ml) and
washed with water. The organic layer was dried over
MgS0O4, concentrated in vacuo and purified by medium
pressure liguid chromatography using 1:100

{ 20 methanol/methylene chloride as the solvent system to give

2.0 g (20% yield) of the title compcund. [1H]-NMR
(CDCla) consistent with structure.



(1 7-di-widin-3-vl)heptan-4-V1l) ester Fumarate Salt 5 A
(S)-Piperidine-1,2-D carboxylic Acid-1-(Tert- Butyl
ester)-2-(1,7-di-pyridin-3-yl)heptan4-yl) ester NO Cy ONO ,0N A

solution of (1,7-di-pyridin-3-yl)heptan-4-ol (5.5 g, 24.41 mol) in THE (30

m) was added to (5)_ piperidine-1,2 dicarboxylic acid-I-(tert-butyl ester)

(5.0 g, 21.81 mmol) and EDC (4.7 g, 24.52 mmol) and 15 allowed to stir for

h at roomtenperature. The reaction was diluted with ethyl acetate (200 m)

1B

and washed with water. The organic | ayer wagodr-i ed over MySO4, concentrated

in vacuo and purified by nmedium pressure |iquid chromatography using 1:100

20 net hanol / met hyl ene chlpri de(s-Hife raialivent: -Satem,1d ginea d,2.(Q ,g-620%
yield) of the title conpound. dybHdiNVR - 1CBEebYarcansilgt @alce th structure.
(S)-Piperidine-2-Carboxylic Acid, (1,7-di- pyridin-3-yl)heptan-4-yl) ester

B.

O

HON N Follow ng the nethod of nple 1, part B, the
N ° =
HoJ |
N
N
L.
N

5

10

Following the method of Example 1, part B, the
compound from Example 9, part A, (1.0 g, 4.30 mmol) gave
1.45 g (88% yield) of the title compound. [1H]-NMR (CDCl3)

consistent with structure.

C. (S) -Piperidine-2-Carboxylic Acid, (1,7-di-
pyridin-3-yl)heptan-4-yl) ester, Bis-fumarate Salt

(jw,o HQ
N = fe)
H | J

| OH

102

Following the procedure in Example 6, part C, the
amine in example 9, part B may be converted to the title

compound using 1 equivalent of the amine and two equivalents

of fumaric acid. [lH]-NMR (CDCli) consistent with structure.

60



conpound from Exanple 9, part A, (1.0 g, 4.30 mpol) gave 5 1.45 g (88%
yield) of the title conmpound. [1H]-NWR (CDC13) consistent with structure. C.
(S)-Pi peridine-2-Carboxylic Acid, (1,7-di- pyridin-3-yl)heptan-4-yl) ester,
Bis-fumarate Salt OHOHOO N OOH Nz 102 10 Follow ng the procedure
in Exanple 6, part C, the amne in exanple 9, part B may be converted to the
title conpound using 1 equivalent of the amne and two equival ents of
fumaric acid. [1H -NWR (CDC13) consistent with structure. 61 - EXAMPLE 10
(S)-1-Methyl-Piperidine-2-Carboxylic Acid, -(%,17-di - pyridin-3-vl)heDtan-4-yl)
ester NOCH3 Ol N~ N~ 111 5 A m xture of the amne (300 ng, 0.79 mmol) from
Exampl e 9, part B and parafornal dehyde (&@mpgE h@ net hanol (15 m) was
added to Na(CN)BH3 (500 ng). The mixture was sftirred for 65 h at room
tenperature. The reaction was concentrated in vacuo and taken up in 2N

aqueous NaOH and 10 exfrachechyl B gL PYhiRCeS atLricdalid -adg, organig; 1 ayer
was dried over MySO4 concentrgbeds A yaciioh &hch puf i1 ed e medi um

8]
" B
CHy O Z
N
I I
( NT 11
5 A mixture of the amine (300 mg, 0.79 mmol) from

Example 9, part B and paraformaldehyde (500 mg) in methanol
(15 ml) was added to Na(CN)BH3 (500 mg). The mixture was
stirred for 65 h at room temperature. The reaction was
concentrated in vacuo and taken up in 2N agqueous NaOH and
10 extracted with ethyl acetate (150ml). The organic layer was

dried over MgS0O4 concentrated in vacuo and purified by medium
pressure liquid chromatography using a gradient solvent
system of 2:98 methanol/methylene chloride followed by
0.5:5:95 NH40H/methanol/methylene chloride to give 230 mg

(. 15 (74% yield) of the title compound as a clear oil. [1H]-NMR

(CDCl3) consistent with structure.



pressure |iquid chromat ography using a gradient solvent systemof 2:98

nmet hanol / net hyl ene chl oride foll owed by 0.5:5:95 NH40H net hanol / net hyl ene
chloride to give 230 ng 15 (74%vyield) of the title conpound as a clear oil.
[1H - NMR (CDC13) consistent with structure. 62 - EXAMPLE 11

(S)-1-(2- Met hyl propyl ) - Pi peri di ne-2-Carboxylic Acid,

1, 7-di-pyridin-3-vl)heptan-4-vl) ester NOH3Cy ON CH3 112 N5 Fol |l ow ng
t he net hod described in Exanple 10, m xture of the amne (300 ng, 0.79 nmol)
from Exanple 9, part B and 2-nethyl propi onalglehyde (1.6 g, 22.0 mmol) in
met hanol (15 m) was added to Na(CN)BH3 (500 ng). The m xture was stirred
for 65 h at roomtenperature. The reacti EXAMBELELQ Iconcentrated in vacuo and
taken up in 2N agqueous NaOH (20 nml) and extracted with ethyl acetate
(150n1 ). The organi aslayer(2-mashglpedpolerPipSOidinencephtbbRdlie Nacgp and
purified by nedium pressure, 74diHmsheidioires anat disiang1a @adient sol vent
system of 2: 98 net hanol / net hyl ene chloride followed 15 by 0.5:5:95

NHACH et hanol / met hyl ene chloride to give 170 ng (49%yvyield) of the title
conpound as a clear oil. [1H -NWR ( consistent with structure. 63 -
EXAMPLE 12 (S)-1-(Pyridin-4-ylnethyl)-{Pipgri (cj)l ne- 2- Car boxylic Acid

N I \\
CH; ~
| 11
P
( N
5 Following the method described in Example 10,

mixture of the amine (300 mg, 0.79 mmol) from Example 9, part
B and 2-methylpropionaldehyde (1.6 g, 22.0 mmol) in methanol
(15 ml) was added to Na(CN)BH3 (500 mg). The mixture was
stirred for 65 h at room temperature. The reaction was

10 concentrated in vacuo and taken up in 2N agueous NaOH (20 ml)
and extracted with ethyl acetate (150ml). The organic layer
was dried over MgSO4, concentrated in vacuo and purified by
medium pressure ligquid chromatography using a gradient

( solvent system of 2:98 methanol/methylene chloride followed

15 by 0.5:5:95 NH40H/methanol/methylene chloride to give 170 mg

(49% yield) of the title compound as a clear oil. [1H]-NMR

(CDC1l3) consistent with structure.



(1,7-di-widin-3-vl)heptan-4-vl) ester NOOI N N 5 N 113 Follow ng the
nmet hod described in Exanple 10, mxture of the amne (300 ng, 0.79 mol)
from Exanple 9, part B and 4-pyridi necarboxal dehyde (0.5 g, 4.67 mmol) in
met hanol (15 m) was added to Na(CN)BH3 (500 ng). The m xture was 10 stirred
for 65 h at roomtenperature. The reaction was concentrated in vacuo and
taken up in 2N agueous NaCH (20 ml) and extracted with ethyl acetate
(150m ). The organic layer was dried over MgSO4, concentrated in vacuo and
purified by mediumpressure |iquid chromatogéaphy using a gradient 15

sol vent system of 2:98 net hanol / net hyl ene chloride followed by 0.5:5:95
NHAOH et hanol / met hyl ene chloride to gi vepydMpRE 1(219% yield) of the title
conpound as a clear oil. [1H -NVR (CDC13) consistent with structure. 64 -
EXAMPLE 13 (S)- (N Mgt byl ) pes hyl a1y 3997 | - - (VL a2, Ww)set hyl)
Propi onam de, G trg%;e ié&‘”%l%%f%rﬁ%i _Fi?l 1]5#{%!%2_ 1 " %%&‘9&%‘}
CO2H 107 5 Follow ng the r ; .
(N-net hyl ) - 2- (et hyl am no) - 3- phenyl - N- (2- (pyri di n- 2-

Following the method described in Example 10,
mixture of the amine (300 mg, 0.7% mmol) from Example 9, part
B and 4-pyridinecarboxaldehyde (0.5 g, 4.67 mmol) in methanol
(15 ml) was added to Na(CN)BH3 (500 mg). The mixture was
10 stirred for €65 h at room temperature. The reaction was
concentrated in vacuo and taken up in 2N agqueous NaOH (20 ml)
and extracted with ethyl acetate (150ml). The organic layer
was dried over MgSO4, concentrated in vacuo and purified by
medium pressure liquid chromatography using a gradient
o 15 solvent gsystem of 2:98 methanol/methylene chloride followed
by 0.5:5:95 NH4O0H/methanol/methylene chloride to give 70 mg
(19% yield) of the title compound as a clear oil. [lH]-NMR

(CDCl3) consistent with structure.



yl )ethyl) propionam de (product in Exanple 2, part B) was converted to a
citrate salt. ['H -NWR (CDC13) consistent wwth structure. 10 EXAMPLE 14
(2S) - N Met hyl - 2- net hyl am no- 3- phenyl -N- [ 4-pyridin-3-yl-1-(3-pyridin-3-yl
propyl)-butyll-Propionam de, Ctrate Salt CO2H H3 CH2 H3C. N N HO-CCO2H H
0 02 NCO®2H 109 N 15 Followi ng the nethod described in Exanple 6, part C
(2S) - N- Met hyl - 2- net hyl am no- 3- phenyl - N-[ 4- pyri di n- 3-

yl -1-(3-pyridin-3-yl-propyl)-butyl]-propi onam de (product in 65 Exanple 4,
part B) was converted to a citrate salt. [1lH.L,NVR (CDC13) consistent with
structure. EXAMPLE 15 Rotanmase |Inhibition Assav 5 Inhibition of FKBP enzyne

activity was determned in the PPlase az&g#P%éﬁggibed inS T. Park et al.,
J. Biol. Chem, 267, pp. 3316-24 (1992), T osure of which is herein

i ncor porated by referengg, fThi chy i n-_ coupl qy_j . which
FKBP catal yzes the cis §Z£(§ ge_ f% fl(ﬁgg c%ﬁ%ﬁi&gi iﬁgggfb X in the
pepti de substrate Suc- - ; he cis
form is cleavable by chy psin. The rel ease Phe-pNA was

5 Following the method described in Example 6, part
C, (N-methyl)-2-(methylamino)-3-phenyl-N-(2-(pyridin-2-
yl)ethyl) propionamide (product in Example 2, part B) was

converted to a citrate salt. [!'H]-NMR (CDCl3) consistent with

structure.
10 ’ EXAMPLE 14
(28) ~-N-Methyl-2-methylamino-3-phenyl-N-
[4-pyridin-3-yl-1-(3-pyridin-3-yl-
ropyl) -butyll -propionamide, Citrate Salt
(IZOZH
'
HaCs HO—C=CO,H
H ?Hz
CO,H
109
15 Following the method described in Example 6, part

C, (2S)-N-Methyl-2-methylamino-3-phenyl-N-[4-pyridin-3-
yl-1-(3-pyridin-3-yl-propyl} -butyl] -propionamide {product in



noni t or ed by-gabsorbance at 400 nm Chynotrypsyn cleavage is very rapid and
therefore cis-to-trans isonerization is rate- 15 limting. Each reaction m x
consisted of 0.1 MTris buffer, pH 7.8, 15 nM FKBP, 30 pM substrate and 0.5
nMto 10 pMof conpound to be tested diluted in Me2SO. The m xture was

I ncubated at 15C for 5 mnutes and then reaction was 20 initiated by addition
of chynotrypsin (100 pg/m final concentration) and foll owed
spectrophotonetrically for 5 mnutes. Total reaction volune was 1 nl. None
of the conpounds of this invention denonstrgsed a Ki of less than 10 pM as
denonstrated in the table below. - 66 - Table 4. Rotamase |nhibition. ~ unase
blUc d ~itotanm&&m$ﬂﬁlﬂtlparada) wald icdiiverted itdgy Wtra8e>3a1800 (167 -NMR
>25, 000 _ xx |ns ol 000 8 >50,000 110 >25 000 50 X31 U~OAD 101 >50,000 112
>50. 000 k 10% }&RFLYIRMonAySienty WAEh StRCESRSy ron ~ <~ v .::. 104

>50, 000 EXAMPLE 16 MDR Sensitization Assay 5 To denDnstrate that the
conpounds according to this invention do not possess MDR reversal activity,

cell lines which are known to be resist B8MEBEgQlaarticul ar drug were used.
Rotamase Inhibition Assay
5 Inhibition of FKBP enzyme activity was determined

in the PPlase assay described in S. T. Park et al., J. Biol.
Chem., 267, pp. 3316-24 (1992), the disclosure of which is
herein incorporated by reference. This is a chymotrypsin-
( coupled assay in which FKBP catalyzes the cis to trans

10 isomerization of the Leu-Pro bond in the peptide substrate
Suc-Ala-Leu-Pro-Phe-pNA. The trans form, but not the cis
form, is cleavable by chymotrypsin. The release Phe-pNA was
monitored by absorbance at 400 nm.-'Chymotrypsyn cleavage is
very rapid and therefore cis-to-trans isomerization is rate-

15 limiting.

Each reaction mix consisted of 0.1 M Tris buffer,
pH 7.8, 15 nM FKBP, 30 uM substrate and ¢.5 nM tc 10 uM of
compound to be tested diluted in Me,SO. The mixture was
incubated at 15°C for 5 minutes and then reaction was

20 initiated by addition of chymotrypsin (100 ug/ml final
( concentration) and followed spectrophotometrically for &
minutes. Total reaction volume was 1 ml. None of the
compounds of this invention demonstrated a Ki of less than 10

UM, as demonstrated in the table below.



We carried out nultidrug resistance reversal 10 (MDR) assays using
L1210vMDRC. 06 or HL60O/Vinc cell lines. L1210vMDRC. 06 are L1210 nouse

| eukemi a cells transduced with the pHaMDRI /A retrovirus carrying a MDR

cDNA, as described by Pastan et al., Proc. Natl. Acad. Sci. USA, 85, pp.
4486- 4490 (1988). The L121O/MDRC. 06 nultidrug 15 resistant line is a-cell

| ine that has been drug-selected by culturing transfected cells in 0.06
pg/ M col chicine. The HL60/Vinc human promgeacytic | eukema cell line is a
multidrug resistant cell line derived from HL60 drug- sensitive parental

cells by Se|eCtT§§nérhHK§5%ﬁﬁg§b 20 e ati ons of vineristine. Using
L1210vMDRC. 06 t_drug resjigtance e pLe_cond Yo I IV

plating 1 x 104
67 to a concem
or absence of coRpo:
as descri bed i =B

5 After culture
dye to assess f 250 ' i5]
142, pp. 257-265; et 99 Lgmgp det ermrmat 1 pns vWape MagSsidho T ep! | cates of at
| east 4. Resul _ anparison af the [C50 fordoxorubici
alone to the | €50 36 idoaR0R0: 1« eoppe

(1C50 Dox/ IC5Q“D6EE¥“F_H?EEEQQ) and The TN egem1yalue>5ugEM‘Tor conparlson
of conpound po

.1.04 ~55.5% srali e e : 1

EXAMPLE 16
MDR Sensitization Assay

5 To demonstrate that the compounds according to
this invention do not possess MDR reversal activity, cell
lines which are known to be resistant to a particular
drug were used. _

We carried out multidrug resistance reversal
10 (MDR) assays using L1210vMDRC.06 or HL60/Vinc cell lines.
L1210vMDRC.06 are L1210 mouse leukemia cells transduced

with the pHaMDR1/A retrovirus carrying a MDR1 cDNA, as

( described by Pastan et al., Proc. Natl. Acad. Sci. USA,
' 5, pp. 4486-4490 (1988). The L1210VMDRC.06 multidrug
15 resistant line is a cell line that has been drug-selected

by culturing transfected cells in 0.06 pg/ml colchicine.
The HL60/Vinc human promyleocytic leukemia cell line is
a2 multidrug resistant cell line derived from HL60 drug-
sensitive parental cells by selection in increasing
20 concentrations of vincristine.
Using L1210VvMDRC.06, multidrug resistance
reversal assays were conducted by plating 1 x 104

cells/well 1n 96 well microtiter plates and exposing them



15 plating cells in 96 well mcrotiter plates at a concentration of 4 x 104
cells/well. The cells were then exposed to various concentrations of
doxorubicin (9 nMto 6.7 uM in the presence or absence of various conpounds
of this invention at various concentrations (0.5, 1.0, 20 2.5, 5.0 or 10. pM
as described in U Germann et al., Anti-Cancer Drugs, 8, pp. 191-155 (7997).
After- culturing the cells for 3 days, their viability was quantitated using
the XTT dye nethod to assess mnitochondrial&function (Roehmet al., supra).
Results 25 were expressed as a ratio of the IC50 for doxorubicin alone to
the 1 C50 for desomukiogicenplirHsionnpatigd. ofnda:kdmxassz‘ays (b hent nt r 1 sig)
antiproliferative g@ ¥IotOX|C|ty activi tg th % g$ |to glso
det ermi ned for 1PHEEE/ GFREEBEF| &F éBS?ﬂ%er% u??%??ﬁn?%e% ssays on several
conpounds of thios1i,nvensi, oo. ) eldepi 6ted. Bnuthaiaméscrbmé@mnnBE Table 5. MDR
Reversal Assay. - 68 omu_~d ai | and Y, DF Ratjo._4Lin ens ri
tY | t HL601 #Germapn ﬁEeBATncgntlﬁéaﬁcﬁr nc '17P114 %95 hji%oﬁﬂ"g T+ U-rox

A"~T~ .. 1i5... After. EulturX fdr, 3 des,,tﬁ%rvfabiliﬂﬁxbﬁrﬁﬁﬂlﬁ wadiL 60N nc
102 1.2 HL6CN|nc 3fl:~ 10Nm ;, g HL60Ni nc 104 . 0. HLQPNlnc 9 2,W 8
28.5 HLEONI nc fé&nilﬁ ﬁE@ORFﬁEg XTT ye to assess mltochondrla

function [Roehm et al., J. Immunol.- Methods, 142, pp.
257-265, (19%1)]. All determinations were made in

replicates of at least 4. Results were determined by
10 comparison of the IC50 for dexerubicin alone to the ICS0
{ for doxorubicin + compound. An MDR ratio was calculated
(IC50 Dox/ IC50 Dox + Inhibitor) and the integer value
used for comparison of compound potencies.
Assays using HL60/Vinc cells were performed by
15 plating cells in %6 well microtiter plates at a
concentration of 4 x 10% cells/well. The cells were then
exposed to various concentrations of doxorubicin (9 nM to
6.7 M) in the presence or absence of various'compounds
of this invention at various concentrations (0.5, 1.0,
20 2.5, 5.0 or 10 uM) as described in U. Germann et al.,
Anti-Cancer Drugs, 8, pp. 141-155 (19987). After

culturing the cells for 3 days, their viability was

1 quantitated using the XTT dye method to assess
| mitochondrial function (Roehm et al., supra). Results
25 were expressed as a ratio of the IC50 for doxorubicin
alone to the IC50 for doxorubicin plus compound. 1In all
assays the intrinsic antiproliferative or cytotoxicity
activity of the MDR inhibitors was zlso determined for
HL60/Vinc cells.
30 The results of these assays on several
compounds of this invention are depicted in the table

below.

3> Table 5. MDR Reversal Assay.



9r .~ T*1""k~i B r~nC 7WP A9 Wttl &0l 1Taac 10 9.1 HL6ONinc 108 0.4

HL6ONinc Q'i Au 3l O.Tnc 1 u 1l WM 12 22.6 HLSONinc 111 1.2 H L66ONi nc
x'{,.. tt~e ; x . x 04. a;(i6V~Xx~.13 >za,,,-.ux y h:, tip L6DV 14 19.9
HL6ONi nc 113 2.3 HL60/Vinc _ 54 ~ ~5 AW W,a,i.zM.x.5. S~ MR ratios

tested at conpound concentrations of 2.SpN, except for conpounds 5, 6 and 1,
whi-ch -were tested at i01.tN. 5 As can be seen fromthese results, there does
not seemto be a strong correl ati on betweern stgructure and MR ratio. Factors
whi ch coul d be responsible for this are the ability of the conpound to get
into the cell, the toxicity of the conpound and the netabollsn1of the 10
conpound i nsi depkire" ’ " ' 3
woul d not be in
according to th

Qut gromt h Quant

neur ot r ophi c actfviZy of

t"!#é"%r ite

out growt h assay

:60AVine

4 6.2

HUMMWnc

102

1.2

HLBmvmc§

6 17.7

HLBOhnnc

104

HLEONine

HLE0/Vinc

12

"HLBO/Vinc |

HL60/Vinc

HLE0/Vinc

12 226

1.2

HLE0/Vinc

14 188

HLE0/Vinc

2.3

HL60/Vinc

10

15

- MDR ratios tested at compound concentrations of

2.5uM,
at 10uM.

As can be seen from these results,

except for compounds 5,

6 and 7,

there

which were tested

does

not seem to be a strong correlation between structure and

MDR ratio.

Factors which could be responsible for this

are the ability of the compound to get into the cell, the

toxicity of the compound and the metabolism of the

compound inside the cell.

As such,

compounds with an MDR

ratio higher than 7 would not be included as compounds

which lacks MDR reversal activity according to the

parameters of this invention.

EXAMPLE 17
Neurite Qutgrowth Quantitation In PCl2 Cell System

In order to directly determine the neurotrophic

activity of compounds described in this invention,

neurite outgrowth assay was carried out with

the

t he



pheochr onocyt oma PCl2 cells as described by Lyons et al. (1994). PCl2 cells
were mai ntained at 37C and 5% CO2 in Dul becco's nodified Eagle's nedi um
(DVEM suppl emented 5 with 10% heat-inactivated horse serum 5% heat -

i nactivated fetal bovine serum (FBS), and 1% glutamate. The cells were t hen
plated at 105 per well in 96 well plates coated with 5 mcnR2 rat tai1 -

col lagen and allowed to attach overnight. The nediumwas then 10 repl aced
with DVEM 2% heat-inactivated horse serum 6% -glutamate, 1-5 ng/m of NGF
(Sigma) and varying concentrations of the conpounds of this invention (0.01
nM - 10000 nM phEwehramogyaond ©0ARr okltsl &ar desasibadnbyi byenedew ¢h. 105

ng/ m of NG alq?ﬁ w t hout 15 conpound. Positive control culturesfwere
admini stered Wi ngh concentration of NG- (50 ng/m). The cells were then

i ncubated at 37C at 5% OPZlE‘or:eIZsheare méixedineadt At 330 TOrarad dehye and

nerve out gr om det,er nine y.on scal f.0 to The results
are shown in tﬁ%ﬁgﬁﬁFg Eep8§ﬁglfgb?89 ¢ Rbﬂ?af Bg%%ﬁﬁugmﬁ?ﬁ? §E%f
Conpounds a$ thu&hlnoenheam 1nacn¢ﬁatea~hof&& 49amm1 NUNhéatﬂNl 3D00OnNM 421
2 ND ND ND-3 4 g ND. ND[W)SE %FB§), d31§ gl¥¥£mat6 ND ND ND

4 2° 3 ND slﬂﬁcﬁb"ﬁbe rgba) pQpine Ser
The cells were then plated at 105 per well in
) 96 well plates coated with 5 m/cm2 rat tail collagen and
allowed to attach overnight. The medium was then
10 replaced with DMEM, 2% heat-inactivated horse serum, 1%
[ glutamate, 1-5 ng/ml of NGF (Sigma) and varying
concentrations of the compounds of this invention (0.01
nM - 10000 nM). The background control culture was
administered with 105 ng/ml of NGF alone without
15 compound. Positive control cultures were administered
with high concentration of NGF (50 ng/ml). The cells
were then incubated at 37°C at 5% CO2 for 72 hours, fixed
with 3% formaldehyde and nerve cutgrowth was determined
visually on a scale of 0 to 4.
20 The results are shown in the table below.

Table 6: Neurite Outgrowth Activity of Compounds of this Invention.
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5 three sanpl es. The-conpounds of this invention as exenplified- by conpounds
1 - 18, 101 and 103-113 caused a significant increase in neurite outgrowth
over background control 10 cultures. Lack of nerve growth stinulatory
activity (as indicated by the "0") at high conpound concentrations of
certain conpounds is attributed to the toxic effects of those conpounds on
the cells at higher concentrations. Negative results for conpound 103 were
the result of only 15 a single experinent -whth-one sanpl e assayed at each of
3 concentrations. W believe this compound will display sone nerve growth
stinmulatory activity.inathe Peideazeay twibe EBLE €XRerifeakips:egpeat ed.
Qther conpoundsof Lhis FBYENE 98 Wkka8ES8s 2Redempnsshalessignificant nerve
growth stinul atory ".acthuichy. aWAel epWeulaYEpNeESEBDEE BT BabReseNt ed a nunber

of enbodi ment s af LR kDYANEEQR gl HRAPRAEEN e EhBE 1Y abashe CONSERICEi ON
can be altefedy}Qepr Qundge0t her 25 enbodi ments which utilize the methods of
: .

this invention. Therefore, it wll be appreciated that the scope of this

invention is to be definedebyohBBuakal B8 8RPSNIRFeREISE OasT 8kERP11 Fog:t he
speci fic enbodi nents whi ch have been presented hereinbefore by way of

exanpl e. 30 Weby| aprPounda tompdlndlBf £RE i6Andlé:cipspd@psiognytyFanh

increase in neurite outgrowth over background control

10 cultures. Lack of nerve growth stimulatory activity (as
indicated by the “0”) at high compoﬁnd concentrations of
certain compounds is attributed te the texic effects of

( those compounds on the cells at higher concentrations.

Negative results for compecund 103 were the result of only

15 a single experiment with one sample assayed at each of 3
concentrations. We believé this compound will display
some nerve growth stimulatory activity in the PCl2 assay
when this experiment is repeated.

Other compounds of this invention will also

20 demonstrate significant nerve growth stimulatory
activity. i -

While we have hereinbefore presented a ﬁumber
of embodiments of this invention, it is apparent that my
basic construction can be altered to provide other

( 25 embodiments which utilize the methods of this invention.
Therefore, it will be appreciated that the scope of this
invention is to be defined by the claims appended hereto
rather than the specific embodiments which have been

presented hereinbefore by way of example.
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N X A WK Y and pharmaceutically acceptabl e derivatives thereof, wherein: A
and B are independently selected from Ar-substituted-(C, -C6)-straight or
branched al kyl, or Ar-substituted-(C2-C6)-straight or branched al kenyl or

al kynyl; Ar is selected from 2-pyridyl, 3-pyridyl, or 4-pyridyl; and wherein
each Ar is optionally substituted with one to three substituents

i ndependently sel ected from hal ogen, hydroxyl, nitro, --SQC3H,
trifluoronmethyl, trifluoromethoxy, (C, -C6)-straight or branched al kyl,
(C2-Co) - i.aht or branched alkenyl, O ((C-C6)-straight or branched

al kyl), E\J_VE:? -C6)-straight or branched alkenyl), O benzyl, O phenyl,

1, 2-nmet hyl enedi oxy, --N(R) (R), carboxyl, N(C - C5 -straight or branched

al kyl or C2- -strai ght or. branched al kenyl) carboxam de, N N-di-(C2-C5
-strai ght or ranch%ﬁquWWF othe(rl:?r-“&ga'-strai ght or branched al kenyl)
carboxam de, N-(C -C5 straight or branched al kyl or GICS - straight or
branched al kenyl ) sul fonam de, N, §-di-(gi -C5 -straight or branched alkyl or
C2-C5 -straight or branched al kenj{l ) su|fonam de, norpholinyl, piperidinyl,
O-7 O --(CH2)q 32, OHEUGH?) ¢k -Z,_ACH)q --Z--O-Z, or CH=CH-Z;
wherein R and R2 are 'Nndepen tly xel ected from (C -C6)-strai ght or
branched al kyl, (C2- 06)|-strai ght or branched al kenyl or al kynyl, hydrogen or
benzyl; or wherein R, Bhd R2 aKe takeén together with the nitrogen atomto
which they are bound to forma 5-7 nenbered heterocyclic ring; Zis selected
f r om 2- pyand gharmageysicallyigdceptable depiyativegtheregfaovhergins0, 1 or 2; X is N, 0 or

R ; 72 wher gj ' h s a (G- C6) - i ght..: hed
Sl CorCch e B aP b Gilendd TBKES RER. b Sdistillet R il STENCY 1 s
N or C(R)branthied sleyleek edr-tutstiunddGagistrAsht 0Cibréfihedtallanghtor slkyyl;anched

| kyl, (C2-C6)-straight | k | | kynyl, (C5-C7)- | oal kyl -
altol, (G is sglec;stec[ For 2-pﬁ—irdy5),r3?£]y?{c]|§,ﬂ 0?4,[,?,{%3’),1; or, al kynyl, ( ) -cycl oal ky

each Ar is optionally substituted with one to three substituents

independently selected from halogen, hydroxyl, nitro, --SO;H, trifluoromethyl,
trifluoromethoxy, (C,-Cg)-straight or branched alkyl, (C,-Ce)-straight or branched
alkenyl, O-((C,-Ce)-straight or branched alkyl), O-((C,-Cg)-straight or branched
alkenyl), O-benzyl, O-phenyl, 1,2-methylenedioxy, --N(R") (R?), carboxyl, N~(C,-
Cs -straight or branched alkyl or C,-Cs -straight or branched alkenyl)
carboxamide, N,N-di-(C,-Cs -straight or branched alkyl or C,-Cs -straight or
branched alkenyl) carboxamide, N-(C,-Cs straight or branched alkyl or C;-Cs -
straight or branched alkenyl) sulfonamide, N,N-di-(C,-Cs -straight or branched
alkyl or C,-Cs -straight or branched alkenyl) sulfonamide, morpholinyl,
piperidinyl, O--Z, CH; --(CHy), --Z, O--(CH3), --Z, (CHy), --Z--O--Z, or
CH=CH--Z;

wherein R' and R? are independently selected from (C,-Cg)-straight or
branched alkyl, (C,-Cg)-straight or branched alkenyl or alkynyl, hydrogen 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;

Z is selected from 2-pyridyl, 3-pyridyl, or 4-pyridyl; and

qis0, 1 or2;
XisN, O or C(R);
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substituted- (G -C6)-straight or branched al kyl,

(C5-C7) cycl oal kyl -substituted-(C2-C6)- straight or branched al kenyl or

al kynyl, (C5-C7)-cycl oal kenyl -substituted-(Cl-C6)-straight or branched

al kyl, (C5-C7)-cycl oal kenyl -substituted-(C2-C6)-straight or branched al kenyl
or al kynyl, Ar-substituted-(GC -C6)-straight or branched al kyl,
Ar-substituted-(C2-C6)- straight or branched al kenyl or al kynyl, phenyl
substituted(Cl -C6)-straight or branched al kyI or phenyl

substi t ut ed- ( C2- Co)yratdiRiROfAL f is O Y
is alone pair of el ectlr on§ Se%Etleg f?&?ﬁ%{}g@é g(g])r[nb )%ra%g{(?sgwraglcﬂgﬁt 3* br anched

al kyl, Ar- subSlH(@nCéthl(a@hI%bran@mdaikgwl opalkmdnched al kyI (C2- CB) - strai ght

b hed al | st b b hed
o ket or i RyTeAt oBen X IO R o B R R ndrBa el X e o Ry
pheny] subsjraﬂohéchHc@[;ZCQQ)G) sttai@tgintbrmchar alkem chrailisapy | (CoCy)- q}clqamyl_ or

cycl ohexyl pet hyl ; _wherei n _any ne of t rou s of said al al kenyl

or al ky nyﬁ“ggﬁ'é{f’ﬁiféci -Gopstraighl H’QFIW' P@ﬁl’aﬁ% all@l‘s‘@s@)}“tedsf@é)cz Jor N(R); n
I's 4, Cb"tra%t Jr Brinched @%ﬁﬂ Jrraﬁ&hgl Q:ycl@ﬂ(et@@su&hﬁﬁ‘écgml ©)-shhighched

al kyI -straight or” branc en or "al kyny

Ar - subst |Qthrmhéct:plkmXCsz)anyglﬂalk@nylbuhstttlkteﬂ((éd-%mtramht or branched alkenyl

substi t ut ed- hed al kenyl D

substit utoerdalf(ﬁlyl %'Sw tg‘mﬁ" o‘l) ?'5 RE PHARS [Y alkﬁ’&e thsY uted- (f&erdk
substit utsﬁdrgﬁCBr a&hclsetdr ﬂk@ﬂl oalalklyﬁgalnphaql alhﬂsamyéd(or.cs)adtﬂaifghv lor behched

cycl ohexyllgﬁ is selected from -C6) -straight or branched al kyl,

A - subst id ’éH-P{'E!lyléﬁl)SI't‘g?q’@:ﬂg(l:ﬁ) SH?‘gBtroéﬁ&?éBedaﬁlWlor(@ﬂ%) strai ght or

branched al kerwﬂeng{ .sa_hkwwdlon air StHIsh dlo uted- (C2-C6)-straight or branched
al kenyl or alkynyl, phenyl substitute %Cl C6) - straight or branched al kyl,

or phenyl sub%iis ucledett EonCay+-€6% ) sliaght cmrbrmﬁnd: hdiql,ahk-emhptitmd (%’:G’s}‘nyl ;

mhereln an p or_.al kyn chains in
i's opstt"ya%gﬁglqr [’%g*regcéﬁ‘ygy@ é@'s %'(g%) "’raﬁﬁfﬁf lﬁﬁ‘ﬁ“?% vﬁl}grnéf/ X&ny one of

the CH2 gsbstipaed{Csaj)cktalghy br bainkleaaydlkaiyl ot Kbkpwl pﬁbrﬁBsutanamaL(c e CH2 group

bound to nitrogen, is optionally re S(O 2. 2. The conpound

accor di ngteght P&lbﬁ%@m%@blﬂhe&ﬂ ﬁué’%&t’t‘teéﬁ@'gﬁ) Waéﬂht @rllrgargs,l:}ed alkenyl or
alkynyl, or cyclohexylmethyl; wherein any one of the CH; groups of said alkyl, alkenyl
or alkynyl chains in K is optionally replaced by O, S, S(0), S(O), or N(R);

nis0, lor2;

J is selected from hydrogen, (C;-C¢)-straight or branched alkyl, (C,-Ce)-straight or
branched alkenyl or alkynyl, Ar-substituted-(C;-C¢)-straight or branched alkyl, Ar-
substituted-(C,-Ce)-straight or branched alkenyl or alkynyl, phenyl substituted-(C;-Cg)-
straight or branched alkyl, phenyl substituted-(C,-Cs)-straight or branched alkenyl or
alkynyl, or cyclohexylmethyl;

R? is selected from (C;-Cg)-straight or branched alkyl, Ar-substituted-(C;-Cs)-
straight or branched alkyl, (C;-Cg)-straight or branched alkenyl or alkynyl, Ar-
substituted-(C,-Ce)-straight or branched alkenyl or alkynyl, phenyl substituted-(C,-Cs)-
straight or branched alkyl, or phenyl substituted-(C,-C¢)-straight or branched alkenyl or
alkynyl;

wherein any one of the CH, groups of said alkyl, alkenyl or alkynyl chains in R?
is optionally replaced by O, S, S(O), or N(R); and
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Ar-substituted (G -C6)-al kyl chain. 3. The conpound according to claim 2,
wherein at | east one of Aor Bis a (Cl-C6)-alkyl chain termnally
substituted with pyridinyl. 4. The conpound according to claim1l, wherein X
is Nor 0. 5. The conpound according to claim1l1l, wherein Kis benzyl. 6. The
conmpound according to claim1, wherein J is hydrogen or methyl. 7. The
conpound according to claim1l, wherein R3 is selected from hydrogen,
(g-Co6)-alkyl, (C-C6)-alkyl termnally substituted with pyridyl, or
3,4,5-trimeth or.di | al , Wherein
n s 0 o The R AEPUIR Y Ce o NGy ERTRAYT IBRENE SR RIC S
(2S) - N- Methé CH, 2rovptboyhditn itegenpiseiptionaly [réplampd mdihrC(®) wk S(0)..
| - (3-pyridin-3-yl-propyl)- butyl]-prop ionam de. 10. A conposition
conprising: a) a neurotrophic amount of a conmpound according to claiml; and
b) a pharmaceuti calthy coHipbaitl &c6rlidg ®rclaifi?l, Wherefn GORBRVAL oPA drieisfor nul a: O 8
rn X--~A Y N R3 and pharmaceutically acceptable derivatives thereof,
wher ei n: Arsubstiyted éqeCoralkylshaiB. i s a (G -C6)-al kyl chain termnally
substituted with phenyl or pyridinyl; the other of A or B is independently
sel ected from hydrogen, Ar, (Cl-C6)-straight or branched al kyl,
(C2-C6) -strai ght orThercampbeait adckadinyg tooslaial X ywalydrein A lesastoatei dfUA @l B( €ia-
C6) -strai ght_ or, branched al kyl, or Ar-substjtuted-(C2-C6)-straight or

@ﬁ E{“@ﬁ@P@pﬁ“éd?"@H@Hof the CH2 groups of said

br anched &irkehgikyghaindenming]
al kyl, al kenyl or al kynyl chains in A
4. The compound according to claim 1, wherein X is N or 0.
5. The compound according to claim 1, wherein K is benzyl.
6. The compound according to claim 1, wherein J is hydrogen or methyl.
7. The compound according to claim 1, wherein R® is selected from

hydrogen, (C;-C¢)-alkyl, (C;-Ce)-alkyl terminally substituted with pyridyl, or
3,4,5-trimethyoxybenzoylmethyl.

8. The compound according to claim 1, wherein n is 0.

9. The compound according to claim 1, wherein said compound is
(28)-N-Methyl-2-methylamino-3-phenyl-N-[4-pyridin-3-yl-1-(3-pyridin-3-yl-propyl)-
butyl]-propionamide.

10. A composition comprising:

a) a neurotrophic amount of a compound according to claim 1; and

b) a pharmaceutically suitable carrier.
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or Bis optionally replaced by O0; Ar is selected from phenyl, 2-pyridyl,
3-pyridyl, 4-pyridyl, or thiazolyl, and wherein each Ar is optionally
substituted with one to three substituents independently selected from

hal ogen, hydroxyl, nitro, --SO3H, trifluoromethyl, trifluoronethoxy,

(G -C6)-straight or branched al kyl, (C2-C6)-straight or branched al kenyl,
O-[(GC-C6)-straight or branched al kyl], 0--[C2-C6)-straight or branched

al kenyl ], Obenzyl 0- phenyl, 1, 2-nethyl enedi oxy, --N(Rl)(R2), carboxyl, N--
(G -Cs-strai g C2-C5-straight or branched al kenyl)

car boxam de, R%%E@qso?&lﬁ% tﬁor branched al kyl or C2-C5-straight or
branched al kenyl) carboxam de, NO (C -8s-straight or branched al kyl or C2-C5-
straight or branched al kenyl) suljjf onam|de, N, N-di-(C -C5-strai ght or branched
al kyl or C2-Cs-straight o d a nyl) sul fonam de, norpholinyl,

pi peridinyl, OZ CH2--{ , O XCH2) gAZ, (CH2)q Z-OZ, or CH=CH Z;
wherein R and R2 are indepen ently|sel ected from (G -C6)-strai ght or
branched al kyl, (C2-C6)- or Yor anched al kenyl or al kynyl, hydrogen or
75 benzyl; or wherein R, a R2 are taken together with the nitrogen atomto
which they are bound to fgrma 5-7 nenbered heterocyclic ring; Zis selected
from2-pyridyl, 3-pyridyl, Ror 4- pyridyl; and gisO,lor2; R3 is selected from
(C 06)-al kylp haﬁn%%)éhé%ce%ﬁ[ﬂ@d&ﬂ%t%éH@?&)FW pWith pyridyl, or
3,4,5-trimethyoxybenzoyl ereln WhenXIS N, Yis

sel ect ed from dtyehsogrenof Ator B(i€ a-(Co)CsBalknl diain terminbllyasudbistithteall wigh phenyl

(C2-C6) -strai.ght . or branched al kenyl or al kynyl, Ar-substituted-(C, -C6)-

st rai ght ojtid Hﬁ%&hed al kyl, or Ar-substitut ed-(Cl- C6) - strai ght or branched

al kenyl or altky6iHer oM@ BXisiiaddpendénil§ sdledt@NBomaiytro@bn,eA € ¢C -0 Sstraighi SO;
or branched alkyl, (C;-Cg¢)-straight or branched alkenyl or alkynyl, Ar-substituted-(C;-

Ce)-straight or branched alkyl, or Ar-substituted-(C,-C¢)-straight or branched alkenyl or
alkynyl; wherein any one of the CH; groups of said alkyl, alkenyl or alkynyl chains in A
or B is optionally replaced by O;
Ar is selected from phenyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, or thiazolyl,
and wherein
each Ar is optionally substituted with one to three substituents
independently selected from halogen, hydroxyl, nitro, --SO;H, trifluoromethyl,
trifluoromethoxy, (C,-C¢)-straight or branched alkyl, (C,-Cg)-straight or branched
alkenyl, O--[(C,-C¢)-straight or branched alkyl], O--[C;-Cs)-straight or branched
alkenyl], O-benzyl, O-phenyl, 1,2-methylenedioxy, --N(R")(R?), carboxyl, N--
(Cy-Cs-straight or branched alkyl or C,-Cs-straight or branched alkenyl)
carboxamide, N,N-di-(C;-Cs-straight or branched alkyl or C,-Cs-straight or
branched alkenyl) carboxamide, N--(C;-Cs-straight or branched alkyl or C;-Cs-
straight or branched alkenyl) sulfonamide, N,N-di-(C,;-Cs-straight or branched
alkyl or C,-Cs-straight or branched alkenyl) sulfonamide, morpholinyl,
piperidinyl, O-Z, CH;--(CH2),-Z, O--CHz),-Z, (CH2)4-Z-0-Z, or CH=CH-Z;
wherein R; and R, are independently selected from (C;-C¢)-straight or

branched alkyl, (C;-Cg)-straight or branched alkenyl or alkynyl, hydrogen or
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mis 2; and the indicated ring is fully saturated. 12. The conpound of claim
11, wherein Xis nitrogen. 13. The conpound of claim 11l or 12, wherein Y is
sel ected from hydrogen, (Cl-C6)-straight or branched al kyl or
Ar-substituted-(Cl-C6)-strai ght or branched al kyl. 14. A conposition
conprising: a) a therapeutically effective anount of a conpound according to
claim1; and b) a pharmaceutically suitable carrier. 76

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;
Z is selected from 2-pyridyl, 3-pyridyl, or 4-pyridyl; and
qis 0, 1 or2;
R; is selected from (C,Ce)-alkyl, (C,Ce)alkyl terminally substituted with pyridyl,
or 3,4, 5-trimethyoxybenzoylmethyl,
XisNorO;
wherein when X is N, Y is selected from hydrogen, Ar, (C;-C¢)-straight or
branched alkyl, (C,-Cg)-straight or branched alkenyl or alkynyl, Ar-substituted-(C,;-Ce)-
straight or branched alkyl, or Ar-substituted-(C,-C¢)-straight or branched alkenyl or
alkynyl;
when X is O, Y is a lone pair of electrons;
nis 0;
m is 2; and

the indicated ring is fully saturated.

12. The compound of claim 11, wherein X is nitrogen.

13. The compound of claim 11 or 12, wherein Y is selected from hydrogen,

(C1-C6)-straight or branched alkyl or Ar-substituted-(C1-Cé)-straight or branched alkyl.

14. A composition comprising:
a) a therapeutically effective amount of a compound according to claim 1;
and

b) a pharmaceutically suitable carrier.
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