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of beta-amyloid protein and ot her such agents nay conprom se neuronal
function or survival. In patients suffering frombrain ischema or spinal
cord 20 injuries, extensive neuronal cell death is observed. Currently,
there are no satisfactory treatnments for these diseases. 2 One approach
to treating neurol ogi cal diseases involves the use of drugs capabl e of

i nhibiting neuronal cell death. A nore recent approach involves the
pronotion of nerve regeneration by drugs which stinulate neurite 5
outgrow h. Neurite outgrowh nmay be stinulated in vitro by nerve growth
factors, such as NGF. For exanple, dial

TECHNICAL FIELD OF THE INVENTION

The present invention relates to 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, in
methods for treating or preventing neuronal damage caused

by disease or physical trauma.

10 BACKGROUND OF THE 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 is yet to be established, inflammation and
deposition of beta-amyloid protein and other such agents
may compromise neuronal function or survival. 1In.
patients suffering from brain ischemia or spinal cord

20 injuries, extensive neuronal cell death is observed.
Currently, there are no satisfactory treatments for these

diseases.



Cell Line-Derived Neurotrophic Factor (CGDNF) denonstrates neurotrophic
activity both, in vivo and in vitro, and is 10 currently being investigated
for the treatnent of Parkinson's disease. Insulin and Insulin-like growth
factors have been shown to stinulate gromh of neurites in rat
pheochronocytoma PCl2 cells and in cultured synpathetic and sensory
neurons [Recio-Pinto et al., J. 15 Neuraosei .-, 6, pp. 1211-1219 (1986)].
Insulin and Insulin-like gromh factors also stinulate the regeneration
of injured notor nervexmimppnuaahuidrtndauing[mﬁnmokmgb¢al eNaSaspp. 89,

11716- 11720 (1992). ?r}g Ebl o hqrel}ggr ol Bal k§4%1%§pn 4984,
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nerve grow ftagtonth for treating neurologlcal di seases. They do not
readily cross the bl god-hrain barrier. are unstabl glas
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adul t brai npa(GinE3YH Y Qie&eb¥eAN- Insulin and Insulin-like growth

factors have been shown to stimulate growth of neurites
in rat pheochromocytoma PCl2 cells and in cultured
sympathefic and sensory neurons [Recio-Pinto et al., J.

15 Neurosci., 6, pp. 1211-1219 (1986)]. Insulin and
Insulin-like growth factors also stdimulate the
regeneration of injured motor nerves in vivo and in vitro
[Near et al., PNAS, pp. 89, 11716-11720 (1992); and
Edbladh et al., Brain Res., 641, pp. 76-82 (1994)].

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

There are, however, several disadvantages
25 associated with the use of nerve growth faétors for
treating neurological diseases. They do not readily
cross the blood-brain barrier. They are unstable in
plasma. And they have poor drug delivery properties.
Recently, small molecules have beeh shown to
30 stimulate axonal outgrowth in vivo.- In individuals
suffering from a néurological disease, this stimulation
of neurite outarowth may protect neurons from further
degeneration, and accelerate the regeneration of nerve

cells. For example, estrogen has been shown to promote



Allerand et al., J. Steroid Biochem Ml. 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 Al zheiner's disease nmay be slowed in worren who
take estrogen. Estrogen is hypothesized to conpl enent NGF and other
neur ot rophi ns and thereby help neurons 10 differentiate and survive. It
has been reported that conmpounds with an affinity for the FK506 binding
protein (FKBP) that inhibit that protein's rotamase activity al so possess
nerve growt h_sti nul ry-actiyit [ al - p.

3191- 3195 (1§§&)??°%%§y%5f%%ﬁééeggﬁchggg%lgﬁﬁdsWth ﬁevééuglteg

i Mmunosuppr esenteoact byi hgrvEKE8616Taor cbmmus)caén wmnhnesuppDESstvendrug,
has been denDn tra t i I t G0 i a
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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. [Lyohs et al., PNAS,

-15 91, pp. 3181-3195 (1994)]. Many of these such compounds
also have immunosuppressive activity.

FK506 (Tacrolimus), an immunosuppressive drug,
has been demonstrated to act synergistically with NGF in

" stimulating neurite outgrowth in PCl2 cells as well as
20 sensory ganglia [Lyons et al. (19943]. This compound has
also been shown to be neuroprotective in focal cerebral
ischemia [J. Sharkey and S. P. Butcher, Nature, 371, pp.
336-339 (1994)] and to increase the rate of axonal
regeneration in injured sciatic nerve [B. Gold et al., J
25 Neurosci., 15, pp. 7509-16 (1995)].

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

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

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

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




More recently, sub-classes of FKBP binding conpounds which inhibit
rotamase activity, but which purportedly |ack inmunosuppressive activity
have been disclosed for use in stinulating nerve growh [see United 5
States patents 5, 614, 547; -5, 696, 135; WD 9614. 0633; WO 96/40140; WO
97/16190; J. P. Steiner et al., Proc. Natl. Acad. Sci. USA , 94, pp.
2019-23 (1997); and GS. Hamlton et al.,,6 Bioorg. Med. Chen1 Lett., 7, pp.
1785-90 (1997.)]. Wiile these conpounds s%pposedly avoid certain 10

unwant ed side effects i MuNos ressj ve_FKBP bi d|n jounds, they
still bind to FKBP andﬁ?ﬁﬁiBFFepgg 'r8Fénﬁ§§S§€F|9 K%fhp§q %r property
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activity, wthout ther S|gn|fi qgt mechani snms of acti on.
.compoun hey “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 : Su;prisingly, it is now known that binding to
FKBP is not necessary for neuronal activity. Co-pending
United 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 to their lack of affinity for
FKBP, these compounds advantageously avoid any potential
interference with FKBP-associated biochemical 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 bf action.

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

neurite outgrowth, there are relatively few agents known



Though a wide variety of neurol ogical degenerative disorders may be.
treated by stinulating neurite outgrowth, there are relatively few agents
known -5- to possess these properties. Moreover, the newer non-

i mrunosuppr essi ve conpounds have only recently begun being tested in
living organi sms. Thus, there remains a need for new pharmaceutically
accept abl e conpounds and conpositions 5 that have the ability to stinulate
neurite outgrowmh and prevent neurodegeneration in patients wthout
causi ng i nmunosuppression, w thout interfé?ing W th FKBP and wi t hout

affecting cellul ar such as coprotein or . I nternational
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Publications WO 94/07858 and WO 95/26337 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 “neuronal 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:



central nervous system Two of these subgenera fall within the genus of 30

conpounds described in WD 92/21313. These conpounds are characterized by
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Two other subgenera of compounds of this
invention have the formulae: J
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(II1) 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 hydrogen, Ar, (Ci-Cq) ~straight
or branched alkyl, (C2-Ce¢) -straight or branched alkenyl or }
alkynyl, (Cs-C-)-cycloalkyl substituted- (C;~C¢)-straight or
branched alkyl, (Cs~Cy) —cycloalkyl substituted- (C,-C¢) -
straight or branched alkenyl or alkynyl, (Ce¢-C-)-
cycloalkenyl substituted-(C1—C6)—straight or branched
alkyl, (C:-Cs)-cycloalkenyl substituted- (C;~Cs )—stralght or
branched alkenyl or alkynyl, Ar- substituted- (C;-Cg¢) -
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 is optionally replaced by 0, S, s(0), S(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 alkynyl, (C5-C,) -cycloal kyl substituted- (Cl-C6)
-straight or branched alkyl, (C5-C,) -cycloal kyl substituted- (C2-C6)-
strai ght or branched al kenyl or alkynyl, (C -C/)- cycloal kenyl -
substituted-(C, -C6)-straight or branched- alkyl, (C.-C/) -cycloal kenyl
substituted- (C2-C6) -straight or branched al kenyl or al kynyl,

Ar - substituted-(C -C6) R sity aleqleicted Hranmc hedralgen,, (@F-Cs )—stralght or

Ar - substi tut ed- ( Sir t or_ bran ed al ke or wherein
any one of the ad{%'lfﬁfsg‘f)%al&’al(@ @1 H@é}f/ W%”K%l in A
or Bis optionall yalr}mﬂyiced Yy k¥ny3,; S(0), ( 0)2 or N( R); wherein 7 Ris
sel ected from hydrogen, ht or ﬁnched a

| ,. or
(C2- CB) - straight or braM Hédseéﬁr%ﬁ% %P%PE&W Ar niagké:éiyelct &d from
phenyl , 1snapht hy|nap21t51yflaphhh1)é|nyll ndenybnyazutfeuyslren&uUOmeir,acenyl
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2-pyrazol i nyl, pym&&dbwdlnpryrHEQXaZpb¥k01y$Qtbkalahyh” lh&a&oQ&@dlaZO|y|

12310tr|azol |, hi adi azo 34th adi
1,2, 4-triazol yl, Y h\é%@z&ia@l a?éflrﬁl"‘oa¥El % CPYRPAR é?éﬁyl p‘ﬁéﬁ?&%&&b’}v
pyri dazi nyl, yr|1t3§bdlaﬂ¢ﬂy1pyliaz:thylazoly3 51t pi azbR¥biato3yd- uri2tBlanyl,

ngggiggﬁ%ran'”d°k¥kazbi9h?d?l¥ls-§ ;28: 50800y 09QLi YL i a1y,
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, isoindolyl, 3H-

15 indolyl, indolinyl, benzo[b]furanyl, .
benzo[b]thiophenyl, 1H-indazolyl, benzimidazolyl,
benzthiazolyl, purinyl, 4H-quinolizinyl, quinoiinyl,
1,2,3,4—tetrahydr6—isoquinolinyl, isoquinolinyl,
1,2,3,4-tetrahydro-isoquinolinyl, cinnolinyl,

20 . phthalazinyl, gquinazolinyl, guinoxalinyl, 1,8-
naphthyridinyl, peridinyl, qarbazolyl, 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 heteroatohs independently selected from N,
N(R), O, S, S(0), or S(0), and wherein

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

30 halogen, hydroxyl, nitro, -SOs3H, trifluoromethyl,

rifluoromethoxy, (C.-Cs)-straight or branched alkyl,
(C:-C¢) -straight or branched alkenyl, O-[(C;-C¢)-
straight or branched alkyl}, O-[(C,-Cs)-straight or
branched alkenyl], O-benzyl, O-phenyl, 1,2-



benzo[ b] t hi ophenyl , 1Hindazol yl, benzim dazolyl, benzthiazolyl, purinyl,
4H qui nol i zinyl, quinolinyl, 1,2,3,4-tetrahydro-isoquinolinyl, -

i soqui nolinyl, 1,2,3,4-tetrahydro-isoquinolinyl, cinnolinyl, 20
pht hal azi nyl, qui nazolinyl, quinoxalinyl, 1,8- naphthyridinyl, peridinyl,
carbazolyl, acridinyl, phenazinyl, phenothiazinyl or phenoxazinyl or other

chem cally feasible nonocyclic, bicyclic-org tricyclic ring systens,
wherein each ring consists 25 of 5 to 7 ring atons and wherein each ring

conprises 0 to 3 ety aatiBoxndene tR? sggeggg 1frgm (R , O, S
S((0) , or S(0) 2 f?WMEFEI% %ach gﬁqu z tional 9 subs#ﬁtu?gd w th one

to three substltﬁﬁasqurﬁéb%ﬂd@ﬂ@}e%e@b]ﬂ dOJfrfézm oshaledgbt, oFydr oxyl ,

nitro, -SOB8H, trifdAerane wixendT) fdiosonst )] |ght or
branched al kyl, (C. -0C6) -streﬁ'n tyor branchggé% kenylg§ 1? (9

strai ght or brancﬁé§%ﬂ9&ﬂ]Or(P{%REPQQDa%#quQﬁanmh btaﬁcbé@ atkenyl]
O benzyl , 50- phenylprshch el J@E%Mﬁ%n%%x 1’\&@.(51)1%-( R)o,- E@EQ%@& al%en v

(C1- Co- stralght or branched strai ght or ranc
car boxami des, N, Rﬂﬁnﬁhﬁébd¥¥Y%ﬂﬁ%K§h§'o$tb$a@bhedrabkthDedCEAREngﬂnalght

or 5 branched al kel oo readikaxam Nkﬁngiﬂélt s§£g§%gpt09rbrgﬁgggged al ky

or C2-C5-straight or branched ‘al Ken nam d
N, N- di - (C1- C5- st r il @ Ehaﬁch%ﬁrahgkylObrbtincﬁe@tabkghylbr br anched

al kenyl )  sul f onarh,de$nM'R0! infoh P [ (GH2) a-Zz,
O. (CH2) g-Z, (CH2 qu'C>Z or p ﬂﬁyi %glnqg%l %hégafgb
i ndependeht |y (CHz) o~ 2, (CH;)ch (CHz)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 wherein 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, isoxazoyl, 2-
methylthiazoyl, thiazoyl, 2-thienyl, 3-thienyl,
or pyrimidyl; and :

qg 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,-Csx—straight or branched alkyl, (C;-C¢) -straight or
branched alkenyl or alkynyl, (Cs-C5) -cycloalkyl-
substituted- (C;-C;)-straight or branched alkyl, (C:=Cq)-
cycloalkyl—substituted-(Cz-Ce)—straight or branched

30 alkenyl or alkynyl, (Cs=C+) -cycloalkenyl-substituted- (C,-
C:)-straight or branched alkyl, (Cs-Cy) -cycloalkenyl-
substituted- (C;-Cs) -straight or branched alkenyl of

alkynyl, Ar-substituted- (C;-C¢) -straight or branched



selected from (C -C6)-straight or branched alkyl,.(C2-C6)-straight or
branched al kenyl or al kynyl, -hydrogen or benzyl; or wherein R and 15 R2
are taken together with the nitrogen atomto which they are bound to form
.a 5-7 menbered heterocyclic ring; Z i's selected from 4-net hoxyphenyl, "2-
pyridyl, 3-pyridyl, 4-pyridyl, pyrazyl, - 20 quinolyl, .

3, 5-di net hyl i soxazoyl, isoxazoyl, 2 nethylthiazoyl, thiazoyl, 2-thienyl,
3-thienyl, or pyrimdyl; and qis 0, 1 or 2; Xis N, Oor CH 25 when X

is Nor CH VY._i el ected fr. en. A, . - - st pai ~Qr branched
alkyl . (Co. cs?h-ﬁé’?faﬁ?gh?g SruegHivarad é?kg?% Sé%é?&n??, E’?Iég-‘h'é;(g
)-cycl oal kyl -a3kbsyitatealkyi@il £6) -straight or branched al kyl, (C=-C7) -

cycl oal kyl -substi t - -CH) -strai gh ched yl or al kynyl,
(C5- C7) - cycl oal ken%g’gu’%g? tqg‘[ e%-{%cfg-i?% ‘?gs@a‘?gh‘%‘?%??%%’g%thed al kyl ,
(C5-Ci) -cycloal kemyis Bubktaoxt u2 ed- (C2-C6) -strai ght or branched al kenyl of
al kynyl, .%r-substitu_tedé ( 16:: .-Straight or branched 9 alkyl, or

Ar - subst i t'ut ed- (Cfﬁ-JC%) “strai ght or branchd al kenyl or al kynyl; when X is
O, Yis a lone pain dofmelectesmstham 4 safld Jreater thars @; 1 or 2; n + mis

o el L oA cHUE LAhSBhER LR i Rt 1] ana 1V
saturated, partially unsaturated or unsaturated;

1 to 2 carbon atoms in the ring in formulae II and

10 IV are optionally replaced with a heteroatom _ _
independently selected from O, S, S(0), S(0); or NR; and
said ring in formula II and IV is optionally
benzofused. -

J 1s selected from hydrogen, (C,-Cs)-straight or

.15 Dbranched alkyl, (C,-Ce¢)-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 alkyl, Ar-substituted- (C.-C¢)~-straight or branched alkyl,
(C:-C¢)-straight or branched alkenyl or alkynyl, Ar-
substituted- (C;-C¢) -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

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

D is selectedlfrom is éelected from Ar, (C,-C¢)
straight or branched alkyl, (C;-C¢) straight or branched
alkenyl or alkynyl, (Cs-Cs;) cycloalKyl substituted (C,;-C;)
straight or branched alkyl, (C:-C;) cycloalkyl substituted

30 (C:-C;) straight or branched alkenyl or alkynyl, (C,-C,)
cycloalkenyl substituted (C;-Ce¢) straight or branched
alkyl, (C:-Cy) cycloalkenyl substituted (C,-Cg) straight or
branched alkenyl of alkynyl, Ar-substituted (C,-Cg)



1 to 2 carbon atons in the ring in formulae Il and 10 IV are optionally
replaced with a heteroatom independently selected fromO, S, S(0), S(0)2
or NR; and said ring in formula Il and IV is optionally benzofused. J is
sel ected from hydrogen, (C,-C6)-straight or 15 branched al kyl, -
(C2-C6)-straight or branched al kenyl or al kynyl, Ar-substituted- (C.-C6)
-straight or branched alkyl, Ar-substituted-(C2-C6) -straight or branched
al kenyl or al kynyl, or cyclohexylnethyl is sel ected from

(C -Co)-strai A« ralght or
branched al k S?ﬂtalo%péﬁ? strail g é%‘ lranc %l& ?tléfe%ﬁg%hﬁ

substi t ut ed- (SGZ&J&)htstqraltglﬁn@rECbraHCﬂmdl aimeanlyltyrmyl aI kynyl, or

cycl ohexyl net hyl ; ‘)/meq{s Eﬁgy ) al kenyl
or al kynyl chains In 'S 5 0p |onatlt]'PE %cd %}yl S(0)2 or
N(R); D is sealhgdinsd ifiy dndtherelBuredHa mneArl;ha(tC li:&)lr6¢thygtbkbu10di bs anched

Cyel onl kyl sokéc HParaa cenpebia” iR, ofkrBRKIAY, sBrdithd i ¥ Co b5

cycl oal kyl s@®st eruNBd 30 (C -CG ) straight or branched al kenyl or al kynyl,

C -C7 | k 6 t ched | k
gC -C)7) gg: ggl k?ﬁy?L g’stlet)u'lt%tg%(l%%t 8> Sfl’aé%é%écﬁolrk a gd a?ke%yl of

al kynyl, Ar - substtilttutted ~((C{= Cs) - s t A4 glstt raat gisnramh@diaamhgd ak&yHceyer

Ar-substl t ut %q %g%hg’)or Ll Cg)tétd qQr ]{%nl%rlcg)%d kerﬁylD kynyl wherein
a|

any one of t r oups o Sai d Tt han the one

that is I re@plbyétb@&nrt@dt-dczSCSCfstmntdta: conpEYtcheéd a)pkeﬂpal by replaced by

0, S SO alkynyl; wherein any one of the CH, groups of said alkyl,

alkenyl or alkynyl chains in R?® is optionally replaced by

O, 5, S5(0), S{(O); or N(R); and wherein any one of the CH;

groups of said alkyl, alkenyl or alkynyl chains in R?

15 except the CH, group bound to nitrogen, is optionally
replaced with C(0O), with the proviso that in formula II,
when n is 0 and m is 1, the second CH, group in the alkyl
chain of R’ is not replaced with C(0O).

‘'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 neuronal 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.

DETAILED DESCRIPTION OF THE INVENTION

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,



S2 or NR R3 is (Cl-C6) -straight or branched. al kyl, Ar- substituted-
(C1-C6) -straight or branched al kyl, (C2-C6) - straight or branched al kenyl
or al kynyl, or Ar 10 substituted-(C2-C6)-straight or branched al kenyl or

al kynyl ; ‘wherein any one of the CH2 groups of said alkyl, alkenyl_or -.
al kynyl chains in R3 is optionally replaced by 0, S, S(0) , S(O 2 or N
(R) ; and wherein any one of the CH2 groups of said alkyl, alkenyl or

al kynyl chains in R3 15 except the CH2 group bound to nitrogen, is

ti [ 1 t 1 wh
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replaced witRE¥D)caThen composi thens rl:ﬁlsmrca;ledadtelr\ellw doyhpirmi csree a5 110D
conpound_of %&ﬁ%@@g@& Qi 2- c8ﬁ‘££h€fat?&‘i’s°pt g%'diyblrg}6eeg§;%n§mﬂévgaovwh

factor. The stinul ati ng nerve growt
neur odegener &Y ointk sad ose, heridier ehqxent tdre 1raiia\ﬂ§:toom)’auncts @ tdiem al one

or .i.n con‘gl naltép@aé/g té}ua%r?e'ai neé{gcqu‘.;nsagcreh%\éwa{},g gﬁ{)y varl 0 Ihooq:s re usef ul

in treating or preventing nerve d neur ol 6gi cal
di seases and Phssitcal trbbrds @rheEmmtien mceptioro nervtéier egeivgrlat st

DETAI LED DESGRI,PTL( ?\lxqu of Hnd NENE @Y,30 Applicants have discovered diverse

genera of conpounds neur onal actl Vity which do not bind to FKBP, and
“whi ch do not have mul tlTYd-ra)g st do e regddodaateing, t yeheW t hout bei ng

Cppad by tedecritsbh FRGANS i & £ WIS AN IGE, diaihgred T
this appli catl on' exer el r neur ona acti reasin
10 or preventing neurodegeneratlon by contact;ng 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 a related embodiment, the present
invention provides a compound that:
a. has neuronal activity;
b. increases cytoplasmic Ca® concentration or
20 binds 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 1increase in éhannel current recorded in the single
channel recording assay described below in the presence
of such a compound as compared to an appropriate control.
Alternatively, the term “increases cytoplasmic Ca®
concentration”, as used herein means a detectable shift
30  in the fluorescence spectrum in the cell assay described
herein.
The term “binds to the ryanodine receptor”, as

used herein, means that the compound specifically



cytoplasmc Cat' concentrations. This is |ikely achieved by interaction,

either direct or indirect, with a calcium release channel, such as the

ryanodi ne receptor or the... inositol 1,4,5-trisphosphate receptor, in the

endoplasm c reticulumof the nerve cell. Thus, according to one

enbodi nent, the invention provides a nethod of stinmulating nerve gromﬁh

10 or preventlng neur odegener ati on by contﬁftlng nerve cells with a

conmpound t hat: a. |ncreases cytoplasnlc concentration or blnds to the
possess

ryanodi ne recep 1 o FKBP:. and_15 c. does

VR 1 ever sal CRHARGS HITAE oo o 205 & T St aH Ry SOt e cCBht
i nvention pnmsskySdhsnrmhﬂﬁubdﬂun a. has neuronal activity; b. increases
cytoplasmc Ca ' conce atlon Qr, 20 bings t Jyanodi ne.rece tor C.
does not bind to FKBP; ‘Affd ‘T  Hod¥ Fot" Yo g%lé"s‘g ELV\I@ revEt sAPERRTET The
term"incr eamsne;yttmaltas:rnec c@ﬁtpourﬁ)ﬂieﬂtﬁrfﬂiﬂ&ﬁks aKisefl h@rm rbfreans a
detectabl g 25 _increase i han curr recaorded in th n channel
recor di nggasgé)‘? @srcrllnbé-‘g é |°r1?et ﬁefe&f}&erﬁcte@mﬁe %‘%{)

conpared to alesapibepr batlewcontrol. Alternatively, the tern1"increases
cytoplasmic Ca'' conc ratlonx, as used herein ns a detectable shift
30 in the fluorescence 3§e5tfﬂh1 eﬁhgo HOSpESay cﬁ?Yﬁ%Fa%ereln The

term "binds tettiketiyaned neededtRpiedn’ meahs ltfheﬁ: her & neom@aisrdthiadn t he

conpound speckbe%II% 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 of 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. 990-997 (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 junétions. 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 cis chamber contains 250
mM HEPES-Tris pH 7.35. Compounds dissolved in methanol

are added to the cis chamber. Channel currents aré



12 conpetes wth ryanodine for binding to mcrosones it the assay
described below. The term "does not bind FKBP', as used herein neans that
t he conmpound denonstrates a Ki of 10 p.Mor 5 greater in at |east one of
the rotamase inhibitory assays described below. The term "does not possess
MDR reversal activity", as used herein neans that at a concentration of
2.5 1M the conpound has an MDR ratio of }ess than 10 7.0, and preferably

|l ess than 3.0 in at | east one of the MDR assays described bel ow.

Si ngl e- channel r. r_di .exper .t a e : et grm if the
conpounds ofapﬁﬁggﬁﬁge% ﬁg %ahggg%ﬁé E?%%%iél %‘%g%?e §éangéytoplasnic
Cat concentr diroer IbsThesenesperndenesorndedcondvids etaps dBsgenbed in E

Kaftan et al., Circulation Rese 7 . 2990-9 t e
di scl osure oko%ﬁr&h i?g%érgfg ?%%ggg%?a %dg%ye%gggr %%é?ggg%%élé§% Shnel
recordi ngs ari€reqgnducyeleundes)vbbt age Hz) adpgronziedi ans2wkih, a pair of

Ag/ Agd el ectrodes 20_coptacti| S LoNs Vi ' t] . Vesicles
are'addeggto%rﬁﬁ8§8F§e§hg%bérbggaggg%ed$€%éﬁgﬁTé%g?c%g%%gyggiYgggrs
conposed of phdsphavedglienh&nbl akkor/ Inphospdetsdy| chohghe ¢Badine30 ng/ ni

25 and 53 m BACER 23 prr S, B80E) ha Lratt T E e ofn A Bst Bt rBepES. 11 <
pH 7.35. Conponddsidnssol ved in methanol are added to the cis chanber. :
e U et s o1 e LR BILAL BBt el QOB tung
10 microsomal protein with *H~ryanodine in buffer containing
36 mM Tris pH 7.2 and 50 mM KC1 in the absence or
presenée 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 pM
15 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 radioactivity was measured by scintillation
counting.

20 Alternatively, the flux of cytoplasmic Ca® into
the cell can be followed fluorescently. 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 i; binds to FKBP12 with a Ki of 10 pM or higher may
be achieved using several assays known in the art. 1In

particular, those compounds may be assayed for their

ability (or lack thereof) to inhibit rotamase. Examples



Corp.). Data are filtered to an eight-pole Bessel filter (Frequency
Devices) to 500 Hz, digitized at 2 kHz, :5 transferred to a personal
conputer,.-and analyzed with pC anp version 6.0 (Axon Instrunments). Single
channel recordings are done at least 3 times for each conmpound conditiaon.
Ryanodi ne binding may be neasured by incubating 10 mcrosonmal protein with
3H ryanodine in buffer containing 36 mM Tri,s pH 7.2 and 50 MM KC1 in the
absence or presence of test conpounds. Confrols for maxi mum binding were

done in the pr sence. o mM_ATP a 6 ns CIfIC bi ndi ng
s measur ed PR ERSEYPotBREcmBreoEe A8 B sRPRc BN EHEPIANGREATS! nal ng
reacti ons weractheubgt ede thos2 hauwhkiah thennbempeﬁahmﬁen aﬁdamhen
centrifuged for m nut e t _30, 000, x The.p e ubi i zed
Ch0 the-Sadi OREELBTE Y haS R AL TR by sERREI Y AL ROA-PLBUAEPRE PeTD
Al ternati vel ynltheazﬁimmef eyneptfasmboesazpetntaphbhemée&hc@arlyquf.onI.owed
fluoresce t exa eur onal Ils ca e_i.nc th NG and a
cal ci um Fﬁﬁg*?% gpégnt g@ﬁ——g ﬁggs Eﬁragﬁg ef é¥g§%§ dontlai ni ng
buf f er . CelIssaébleﬁngedtcant;nuaueky,beum 2§pbeﬁ65e5and1@89¢r tha addition
of a test conpou d of nvention, The difference_in fluorescent
intensity beforg*Bhd® g ir tge—gbai%+gﬂ—ﬂi QEOUHHS ER ‘6§§?Qéd as a
ration of flubDhessesse imtlsdas SKE @ﬂsaﬁdrﬁ88fnﬂhe39u5gﬁkbﬂg argempoynd of
FKBP12 with a K| of 10 pM or

this inventio hto confirm at |t g nds_to
hi gher may bg %c%ﬁ%@%ﬂnﬁSFﬂgbgetﬁ? ?daEEé ShYHBHAYPR1Rhe SPYMOLRYPSIN
particul am, th@sabb@np@u@ﬂsaﬁaypbﬁiaﬁsaﬂﬁﬂlaérfibﬁlthe trans form of
' the substrate, but not the cis form. Release of
" p-nitroanilide is measured.
Other FKBP binding assays include a competitive
LH20 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 accbrding to
this invention has the requisite MDR ratio below 7.0, any
20 of the assays described in United States patents
5,543,423, 5,717,092, 5,726,184 or 5,744,485, the
disclosures of which are herein incorpofated 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 it is 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 (™™DR ratio”).
According to one  embodiment, the invention

provides a compound of the formula:"



ability (or lack thereof) to inhibit rotamase. Exanples 14 of assays that
nmeasure i nhibition of FKBP12 rotanase activity are those in which the

i sonerization of-an artificial substrate -- N succinyl-Al a-Al a-Pro-Phe- p-
nitroanilide -- is followed spectrophotonetrically [M W 5 Harding et -al .,
Nature, 341, pp. 758-60 (1989); by J. J. Siekierka et al., Nature, 341,
pp. '755-57 (1989); and S. T. Park et al,g J. Biol. Chem, 267, .
3316-24 (1992)]. The assay includes the cis formof the substrate, FKBP12,
the conpound to be tested agnd chgnntrypsin. Chynotrypsin 10 is able to

cl eave p-nitroanilide from heﬁil:;j formof the substrate, but not the

cis form Relgase @in,) p-nitlfoanilide is neasured. Ot her FKBP binding assays
i nclude a conpenrtive O bixrrdi assay using | abel ed FK-506 as a
reporting 15 |lidand. These haje been described by M W Harding et al.,

Nat ure, 341, OppS=F98- 60K 1989y and by J. J. Siekierka et al., Nature, 341,
pp. 755-57 (198§). To,q§5ern1ng_mhether_a conpound according to this
invention has tRe requisite MDR ratio below 7.0, any 20 of the assays
descri bed i mrhiRharmSicRWEsl gat bntaccep il e 428r i vat Mdds ORreSf 726, 184 or
5, 744, 485, the. ;.6 sclosures of which are herein incorporated by
reference, may be utilized. In particular, cell |lines which are known to be

25 resistant to & pnd ikWme ihrdepenrderenipt mkbctTétESﬁm|ﬂxydid>d]f@$, i ncl ude,
but aresnot Aj nmedect . ; HL60 and MCE7 cell lines.

Al ternatively, r%éisfgn?ggg +ﬂ@ﬁ?%é§§%§€h%% Y @%fbp&ggﬁ$ﬁés§éPP9PFn€ris
exposed to thi@nchedy alkemlcled talikymdsi St&AC;) eyt Dod byl est compound;

substituted- (C;~C¢) -straight or branched alkyl, (Cs-Cy)-

cycloalkyl substituted-(C,-C¢)-straight or branched
alkenyl or alkynyl, (Cs—C5) -cycloalkenyl substituted- (C.-

10 C:)-straight or branched alkyl, (Cs-C5) -cycloalkenyl

' substituted- (C;-C¢) ~straight or branched alkenyl or
alkynyl, Ar—substituted-(Cy-Ce)—straight or branched
alkyl, or Ar—substituted—(Cz—Cs)—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 0, S, S(0O), S(0)2 or N(R); wherein

R is selected from hydrogen, (C:=Cs) -straight or
branched alkyl, or (C-Cs) -straight or branched alkenyl or
alkynyl;

20 Ar 1s selected from phenyl, l—haphthyl, 2-naphthyl,
indenyl, azulenyl, fluorenyl, anthracenyl, 2-furyl, 3-
furyl, 2-thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 4-
pyridyl, pyrrolyl, oxazolyl, thiazolyl, imidazolyl,
pyraxolyl, 2-pyrazolinyl, pyrazolidinyl, isoxazolyl,

25 isothiazolyl, 1,2,3-0oxadiazolyl, l,2,3-triazolyl, 1,3,4-
thiadiazolyl, 1,2,4-triazolyl, 1,2,4-oxadiazolyl, 1,2,4-
thiadiazolyl, 1,2,3-thiadiazolyl, benzoxazolyl,
pyridazinyl, pyrimidinyl, pyrazinyl, 1;3,5—triazinyl,
1,3,5-trithianyl, indolizinyl, indolyl, isoindolyl, 3H-

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



30 cell viability is then neasured and conpared to the viability of cells
whi ch are exposed to the drug in the presence of the test conpound ("MR
ratio"). According to one enbodi nent, the invention provides a conpound of
the formula:, 15- 0J ,,(CH),, I )), X)---"A 0=5=0 KI (I) and
pharmaceutical |y acceptable derivatives thereof wherein:- A and B are

| ndependently sel ected from hydrogen, 5_Ar16ﬂ(C1-CB) -strai ght or branched
al kyl, (C2-C6) -straight or branched al kenyl or al kynyl,

FREE T e i o P A i T,
al kynyl, (C5-d@yinelyzimal kKemyinslimsylt ut g2 3(L: tetlfaldedrostrai ght or
br anched al keATEr oLty - SRS SRR et { Ol B SEEPRIFER or “br anched
al kyl, or Ar-isadiptineliaty{,Cx0ajebinyl ghthidia bs aiveyned qal kenylioylal kynyl ;
e o o8 Pl G Te e Rahln A W e Sty
wherein R i$C§ﬂdmnyiifphnnégdhyﬁunphéﬁbtﬂiﬁzfﬂyrﬂq&npmwnﬁmaﬂthpd akkyl
[ o phony! . ST S NP HAS 12 IR A G L1T R eyl
ant hracenyl , t3ifayallic Fing 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(0), and wherein
. each Ar i1s optionally substituted with one to thfee
substituents independently selected from halogen,
hydroxyl, nitro, -SOsH, trifluoromethyl, trifluoromethoxy,
15 (C,-C¢) -straight or branched alkyl, (C,-C¢)-straight or
| branched alkenyl, O-[(C,-C¢)-straight or branched alkyl],
O-[(C;—Ce)-straight'or branched alkenyl], O-benzyl, O-
phenyl, 1,2-methylenedioxy, -N(R’) (R?), carboxyl, N-(C;-Cs-
straight or branched alkyl or Crfg-stfaight or branched
20 alkenyl) carboxamides, N,N-di- (C.-Cs-straight or branched
~alkyl or C;~Cs;~straight or branched alkenyl) carboxamides,
N-(C.~-C.~straight or branched élkyl or C;-C¢-straight or
branched alkenyi) sulfonamides, N,N—di-(t,—cs—straight or
branched alkyl or C,-Cs-straight or branched alkenyl)
25 sulfonamides, morpholinyl, piperidinyl, 0-Z, CH.- (CH;) o~ Z,
O- (CH;) o2, (CH2)¢-2-0-2Z, or CH=CH-Z;
wherein R! and R? are independently selected
from- (C;-C¢) -straight or branched alkyl, '(cz—ca)—
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 1s selected from 4-methoxyphenyl, 2-pyridyl,
3-pyridyl, 4-pyridyl, pyrazyl, quinolyl, 3,5-



furyl, 2-thienyl, 3-thienyl,.2-pyridyl, 3-pyridyl, 4- pyridyl, pyrrolyl,
oxazolyl, thiazolyl, imdazolyl, pyraxolyl, 2-pyrazolinyl, pyrazolidinyl,
i soxazolyl, 25 isothiazolyl, 1,2,3-oxadiazolyl, 1,2,3-triazolyl, 1,3, 4-
t hi adi azolyl, 1,2,4-triazolyl, 1,2,4-oxadiazolyl, 1,2,4- thiadiazalyl,"
1, 2, 3-t hi adi azol yl, benzoxazolyl, pyridazinyl, pyrimdinyl, pyrazinyl,
1,3,5-triazinyl, 1.,3,5-trithianyl, indoiyzinyl, indolyl, isoindolyl, 3H

30 indolyl, indolinyl, benzo[bjfuranyl, benzo[b]thiophenyl, - 16
1H i ndazol yl , benaaméﬁgpiyéxa%pzt hi@éﬁé%yl PUﬁlﬂ&hyfkhlgywpl i zinyl,
qui nol i nyl, 1 2, 3, 4-tetrahydro- 1soquinolinyl, 1soquinolinyl

1,2, 3, 4- t et r ahydr Bhiazeyki ndt thienyEi ndothbemyl phe hap¥ziRyeyl quandzol i nyl |
5 qU|noxaI|nyI 1, B—n@ppghyrlglgylz peridinyl, carbazolyl, acridinyl,
phenazi nyl phenoth|a2|nyl henoxa2|nyl or other chenlcally feasi bl e
monocyclic, bicyckiss ol @r¢%y£l$b ring systems, wherein each ring consists
of 5 tosg/ ring. aLRoFe fndNerei SRCL 1 S 3¢ het er oat ons
|ndependently sel ect e% fromN, N(s) & ¢(‘;9) 'S (0%é §élgcstt'€%) and wherein
each Ar is OpYRER@eny %@bsttht-&leédsmmgbﬁeorobrhnebedsabsviltuéﬁi,{.,)—

i ndependent | é/tfﬂ?@% ek fﬂ%&ﬁéc@g§ﬁenwdc§xox%/l kyr%f roc

trifluoroneihyl fl uor onmet hoxy
(C2- CB) -str%w%ﬂﬁak#yltﬁwbﬁﬂkﬁp%ﬁ¢eﬁykceD—f(t§1€5§ grrarghched dtapthed

alkyl), 0- cL@w—@?hoéii&%ZgQabehg 1@?@' 2 gee&h thsqzx&anggeeheny'

1, 2- nethylened"oxy, , car trai ght or branched
al kyl or czc‘éjc%rty]al%ta cH“@dC20-@yqzbml3eremlb@uhﬁtuggted (Cy~

N, N-di - (C: - @ﬁfs&%lag%toearbb%%f&%@d ahkyh , o cec GR-Sid i Hhlerify Lr anched
al kenyl ) carboxani des,
substituted- (C;-Cs) -straight or branched alkenyl of

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

branched al kyl ,

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

K is selected from {Ci-C¢)-straight or branchea
alkyl, Ar-substituted- (C;-C¢)-straight or branched alkyl,
(C:-C¢) -straight or branched alkenyl ‘or alkynyl, Ar-

20 substituted-(Cz—Ce)—straiéht or branched alkenyl or
alkynyl, or cyclohexylmethyl; wherein any one of the CH,
groups of said alkyl, alkenyl or alkynyl chains in K is
opticnally replaced by 0, S, S(0), S(0), or N(R);

n is 0, 1 or 2;

25 J is_selected from hydrogen, (C;-Ca)—straight or
branched alkyl, (Cz-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; and

30 D is selected from is selected from Ar, {C:-Cq¢)
straight or branched alkyl, (C;-Cs) straight or branched
alkenyl or alkynyl, (Cs-C;) cycloalkyl substituted (C:-Ce¢)
straight or branched alkyl, (Cs-C-) cycloalkyl substituted
(C;-Cs) straight or branched alkenyl or alkynyi, (Cs~CH)



N (C -C,.-straight or branched al kyl or C2-C5-straight or branched

al kenyl ) sul fonanides, N, N-di-(C, -C5-straight or branched al kyl or

C2- C5-straight or branched al kenyl) 25 sul fonam des, norpholinyl,

pi peridinyl, 02z, CH-(CH),,-Z, 0- (CH2) a-Z, (CH2) g-Z-O Z, or CH=CH Z
wherein R and R2 are independently selected from ('C, -C6) -straight or
branched al kyl, (C2-C6)- straight or branigeg al kenyl or al kynyl, hydrogen
or 30 benzyl; or wherein R and R2 are taken together with the nitrogen

atomto which t oun rrber het ring; Z
is selected ??’8#:?%}gﬁ?ﬁgx%ﬁémf‘?g?gﬂpiﬁ cﬁfz dﬁr Afaﬁij/“rﬁf%‘il

pyrazKII ﬂuiabkyl 3%5%3)1EycldbﬁmbhynlSObaﬁdfbmﬁbexﬁzoyi Sif?lghtdor

2- met hy t I azo I 2.t 3-thie yrlnl Y. an gis
0, 1 or iﬁf% ?\Pe% iﬁﬁxfﬁ) 9\}1%}’%}'}1 vihERS g¥§lNu6F ClR)TC¥. is sel ected
from hydr ogetraight (&#- &aneséﬁaaghplprobraﬁebﬁasahkuted(¢2 6)) - straight-
or branched al ken

cycl oal ky! - s¥ E?%%%?e%rafﬁgﬁ%?égtéikiﬁﬁio?rb?ﬁh¥ﬂ¥a aVR?Feln(égyconf
-cycl oal kyI GﬂbEl‘ﬁe t CH £ dyr (U %) sa¥ld @i1ght) ehdiranched 10t Kefivhn Othe

al kynyl , cl oal, ken stl ut ed- -strai ght or branched
al kyl , (C5 Conié that:%c %a‘?k’é?\%//'fl Eﬁe%iof(é’?é;se) GRYH A oriHr anched

al kenyl of @b&(wrydlly\rré}blbﬁ&écﬁ%ﬁcb,(@ Q) ; ssoaightnror branched al kyl, or
Ar - substi t ut ed- (C2- CG) strai ge 18 cinched 15 al kenyl or al Ié% ; when X
is 0, Yis a lone pai ridfoRt RIFLHEICK $WiBeRbOF r BAFREL2 CB) - 8t PBPght or

branched0 B are not simultaneously hydrogen. Even more preferred
1s when at least one of A or B is a (Cy-C¢) ~straight alkyl
terminally substituted with Ar (which itself is
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 to another preferred embodiment of
formula I, X.is nitrogen or oxygen.
In another preferred embodiment of formula I, J

20 is a (C,-Ci3)-straight alkyl. S |

. In yet another preferred embodiment of formula
I, K is an Ar-substituted (C,-C,)-straight alkyl. More
preferred is when K is a (C;-C;)-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:-S(0) - (C;-C;) straight

30 or branched alkyl. '

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

fluorophenyl, cyanophenyl, methoxyphenyl,



al kyl , .A=-substituted-(Cl-C6)-strai ght or branched al kyl, (C2-C6)
-straight or branched al kenyl or al kynyl, Ar 20 '
substituted- (C2- C6)-straight or branched al kenyl or al kynyl, or :

cycl ohexyl net hyl ; wherein any one of the CH2 groups of said al kyl, alkenyl
or alkynyl chains in Kis optionally replaced by 0, S, SO, S(0)2 or
N(R); nis O, 1 or 2; 25 J is selected from hydrogen, (C -C6) -straight or
branched al kyl, (C2- CB) strai ght or branched al kenyl or al kynyl,

Ar - substi t ut r ai Kyl

Ar - subst i t ut %“{e(é? %@é@ﬁﬁbgﬁgﬁk@%ﬁmﬂﬁ ARy g

cyclohexylnet‘ﬂltnmﬂﬁ onR redts Lmerh amahephe@yﬂ@mmphmnyac-CF)

strai ght or tr 5 al kenyl or

alkynsl ?? %Qi 35%§P‘§ﬁ%§§§%ﬁﬁe&&?%2¥E%§”%%?5§?§ht or brgnched

a:tyl,l(CS C[7) cycloamwwt Futestertaintled f(@%—@@ﬂesmedighbmom—?ranched _ h

-~ al kenyl of a a rai ght
or brgnch%d 5%%%khe%§§ cycpg%%%gﬁ §%Qé§9%¥§?é8y Ef%égg g?ézahf o?

br anched alk@mywl@mamﬂqpﬁﬂ QAﬁlyabgph@uwdd @epyﬁﬁpphshyabgﬂn4er br anched

al kyl, or Ardﬁ%@%%b&#&?%g&%ﬁéQQ%th%R && aIkQ ghed al kenyl or al kynyl ;

-mhereln any one th groups ‘c¢hains in D other than
the one thaﬂlrstdpﬁ@eﬂhwob@MWGYﬂo SGB(Hn(Nh@ cdomptbmdiamiso)optional |y

repl aced by gheﬁ l§gko$9%e%rlNR5 (R RO REE B@EEEQnﬁgggghggyerOf hormila I,

A and 10 B Aot “si nti eousl hydrogen. “Even P&d* IS when
at | eastl®neasetamgdophieays .( C) - CB) stralght al kyl ternlnally substi t ut ed

with Ar (which itself hccsdinl byl SflolhenBuBTbL Uk hnolthent! eheLah! v,
methyl.
In ancother preferred embodiment, n is 0.
According to another embodiment, the invention

15 provides a compound of the formula:.

)n 257 (I1)

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;



one of Aor Bis a (C-C6)-straight alkyl termnally 15 substituted with
pyridine (which itself substituted or wunsubstituted). According to another

preferred enbodi-nent of forrmula I, X is nitrogen or oxygen. |n anot-her -
preferred enbodi nent of formua I, J 20 is a (Cl-C3) -straight alkyl. 1n
yet- anot her preferred enbodinent of fornula 1, Kis an Ar-substituted

(C -C3)-straight alkyl. Mre preferredisgghen Kis a (C -C3)-straight
al kyl termnally substituted with an unsubstituted phenyl. 25 According to

anot her preferred_enbqdi:nent formulad, j,S. J ted from (C -C6)
straight or br anghed%gllgp,es% ,th,&r - sjriuul?gltdl tg#edf?fci@ e(Ss;'t rai ght or
branched al kyl, Athsulistdifcgted C2gCin Soraigl IF idreatcheated kenyl or

al kynyl , or '§§%1§1(§)u%'a%9&bg%h %&r%hggkung ar. branched al kyl. More
pref erabl y, B5s sell cted from am nophényl-,” nitt'ophenyl, isopropyl,
benzyl, fl uorophényb, 2cyarbpne @tlomsmenhdakgphemd ,inl ¥ormudiarel hoxyghenyl ,
nmet hyl sul £ on . I I p l,. .dinitrqanil.inpphen

NN i ot | SERAY! EEOOREAT » RN ARSI h AR et Y

acet am dophesgllechbst fpoaf € alsl,y S (D)i,s S46l)ecoedNRroamd 5 am nophenyl

471 Uor ophenyl . 4By SnaBRanyP o B Kk TBRa T LY. AT RSy
4-(2,4- diritroanilinoppkérybbls, ( (a- ENrNudematihylmnisn@®), m is 2 and
phenyl ) azo) plgggyhng- ggl %gilgegg)éh%gitgg).napht hyl.or 4 10 acet am dophenyl .
10 According to another preferred embodiment-of'
formula II one carbon in said ring is optionally replaced
with a heteroatom selected from O, S, SO or SO,.
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 II are set
forth in Tables 1 and 2, below:



According to another preferred enbodinent, Y is nethyl. In another
preferred enbodinent, nis 0. . According to another enbodi nent, the
invention 15 provides a conpound of the fornula:. OB i )n 25 Y (Il) N
0= S=0 D and pharmaceutically acceptable derivatives thereof, wherein A
B, Y, D, n and subconponents thereof are as defined above; 20 mis G, 1 o
2, 0- 20 n+ mis less than 4 and greaté than O; the indicated ring in
formula Il is saturated, partially unsat frated or unsaturated; 1 to 2
carbon atons 41 th ri are 5 optionally replaced with a
het er oat om i naaepenglent @’mpso c{c,st éjéafflo&‘ﬂ%a $°S(O , S(0)2 or )R and said
ring in fornula Il is optionally benzofused. Preferably, in formula Il

is 0, mis 2rand—the ringisfully saturated 10 According to another
preferred enpardfent of fofetra: |1 one cledem|in said r stRgue s optional ly

replaced w {h a heteroatom selected fromO0, S, bU or SO2Preferred

- enbodi mrents for the fli vi dual  conponent|s in t ounds of formul g |
are the sane|as
' T CH,

_ | 5 T ,

2 ! o==s=0 O N s - 0T
g @
; N NH,




15 those set forth above for conpounds of forrmula |I. The nost preferred

conpounds of formula | and Il are set forth in Tables 1 and 2, below 21 -
Table 1. Conpounds of fornmula |I. Cwpd O Structure Crpd O Structure ./ | i
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| HC 8 O=SSEOON NOT NN\ I I\ "CH N _.22 OCmwpd # Structure Cnpd #
Structure CHa ~Ha HaCN N Ha~N N.SY 11 OO Il / 12 T"-~=0 01 / ITWNN
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Table 2. Compocunds of formula II
Cmpd # | Structure Cmpd # | Structure
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15

20

NH,

According to another embodiment of this

invention is provided a compound of the formula:

@)

J\'I\'/(C"";)n\/‘L)I()\A

R3 K Y

(II1)

and pharmaceutically acceptable derivatives thereof,

wherein:

A, B, X, Y, K, J, n and subcomponents thereof are as

defined above for compounds of formula I; and

R’ is

substituted- (C;~C¢) -straight or branched alkyl,

(Cy-C¢) -straight or branched alkyl, Ar-

(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,

alkenyl or alkynyl chains in R° is optionally replaced by
O, S, S(0), S(O): 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,
C(0).

is optionally replaced with

According to another embodiment, the invention

provides a compound of the formula:



/' NO HHC CH_O 3 HO 23 -
1 Structure | Cnpd # Structure N

17 &c5=0 Ol r/ 18 0=S=0 I / 4 N N/

Tabl e 2. Conpounds of formula.ll Crpd i

CH CH3 YNNN OSSO0 NO=s=00 1/ 3 N7 1 NH According to another
enbodi nent of this invention is provided a conpound of the formula: O-B
Jl~ N."(CH2) nykx'-~ 51 KY A(lIlIl) and.pharmaceutically acceptable

derivatives thereof, wherein: A B, X Y, ,K_J, n and subconponehte
t hereof are as defined above for conpound% of formula I; and 10 R~ is
(C -C(.) -straight or branched al kyl, Ar- substituted- (C, -CF) jstralght or

branched al kyl , o B i _
(T f’l\A
N o Y - (IV),
10 Lo

and pharmaceutically acceptable derivatives thereof;
wherein:
15 A, B, X, Y, n, m and subcomponents thereof are as
defined for compounds of formula (II); aﬁd
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:
groﬁp that is bound to nitrogen (indicated in bold in the

formula below:

e X
? A
. N\ Y
./(:H2

H,C

30 Preferably,.in the compounds of formulae III
and IV, at least one of A or B is Ar-substituted (C:-Cq) -
alkyl chain. Even more preferred is when at least one of
A or B is is a (C;-Cg)-alkyl chain terminally substituted
with pheﬁyl 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.



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 CH groups
of said alkyl, 15 alkenyl or alkynyl chains in R3 is optionally replaced
by 0, S, S(0), S(0) _or N(R; and wherein any one of the CH  ‘groups of
said al kyl, alkenyl or alkynyl in R except the CH_group bound to
nitrogen, is optionally replaced with qm?s 20 According to anot her

embodi ment, the invention provides a congound of the formula: 24 - OB

thereof: where: -: 15 Acsgrdind B B st s oro e Rt dfe as

defined for cesmesintss off fosrbra (11, ANt %@dﬁbﬁﬁadﬂfuxxyﬁpr conpounds
of - forrmla(lll‘%‘| r@\glth't roviso that in fornmula IV, when nis 0 and m
is 1, the seRbhteaR " the al kyl, alkenyl or alkynyl 20, chain of

R3 is not replaced witf[rC(db)mpo'Umist @rfmfo&amra@ CH2 gh@lupvi nRt-hesaI kyl chain

of R'' refers t CH2 ou t he group that is

bound to itr%@ee#r(ai C&P Eﬁ"boﬁ Fn) t?ﬂg'( a]f'or?;(ﬂrg )oe‘F%)W OB 25"X A
terminally substituted with pyridyl, or 3,4, 5-
trimethyoxybenzoylmethyl.

In a preferred embodiment of formula III, n is

10 In a 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 O and m is 1 or 2. Most
"""" 15 preferably, n is 0 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




eNy CH2 30 Preferably, in the conpounds of fornmulae IIl and IV, at |east
one of 'Aor Bis Ar-substituted (C -C6)- al kyl chain. Even nore preferred
is when at least one of A or Bisis a (Cl-Co)-alkyl chain termnally
substituted wth phenyl or pyridinyl. 35 According to another preferred
enbodi rent in the conpounds of fornmulae Il or IV, Xis Nor O..
According to yet another preferred enbodiment, in the conpounds of formla
11, Kis an Ar-substituted alkyl, alkenyl or alkynyl. Mre preferably, K

is benzyl. 25.- .According to another pré&f@fréd embodi ment, in compounds of
formula I'll, J is hydrogen or alkyl, preferably methyl. In conpounds of
formulae I'll and IV, R3is b5 preferably hydr ogen, (C C6) -alkyl, (C-GC)

-alkyl termmally sybstituted with pyridyl or 3 4

trimet hyoxyb @a@mlget@ﬂrudamﬁ@ preferred enb@gbaegt QEILQEﬁyga [11, nis
0. 10 In a pfeferredrenbodrent—the—tndtecatpa—r+rg—t—Forrta—tv—+s—Fuy
saturated. | phlaaot hel rred enbodi pLoPhe ¢onpounds of f la 1Y,
m+ nis 1 of 2. Eveh preferreds en nis P and mis 1 on=2" Most
15 preferably, nis @ pref erredg comppunds o) | ag
1l and IV pre |isted a , ps well @as be y ' NN
t he exanpl es Hat
(0]
104 _ Z r 110 CH, N
) Ho A (N\/]\'r,g J
H H
o o
5 105 111
Q\'(o (NjYO
' ' 00 éH, o]
MeO
MeO OMe

106 -CH3 112 Eijljro
1 N
N

Iz
o}
I

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.



Tabl e 3. Cbnpounds of formulae Ill and IV. S ...........

........... ) IWL1 sone ... . . .. ... meemmemmmaaaa

102

108 CH3 0 NHoO N\ pIl CH3 N N26 Crpd # Structure Crpd # Structure

103 /N 109 /

~NNCH3 O/ I Y\ NNV N NHI HC Ol O_y 104 110 N

NHe NNNHH o O 5 105 111 N OYO O
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15

20

25

30
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A “pharmaceutically acceptable derivative,” as
used herein denotes any pharmaceutically acceptable salt,
ester, prodrug, or salt of such ester or prodrug, of a
compound of this invention or any'other compound which,
upon administration to a patient, is:capable of providing
(directly or inairectly) a compound of this invention, or
a metabolite or residue thereof, characterized by
neuronal activity.

Surprisingly and unexpectedly, the compounds of

crmulae (I) through (IV) of this invention do not bind
FKBP, do not inhibit its rotamase activity and are not
immunosuppressive. Moreover, although the compounds of
this invention bear some structural resemblancé to
compounds which are known to reverse multi-drug
resisténéé kseé”United Stétes patent'5,543,423, WO
95726337 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 aséay may be carried out in SH-SY5Y
human neuroblastoma cells. Aiternatively, 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



" OO0" CH3 OIN MO MO O N 106 CH3 Cs NHCJ ~NI1 OCNCHIN O 113
O NOVN I N/ NThis invention includes all optical and racemc isomers
of the conpounds of fornulae | through IV, as well as 10 pharnaceutically
acceptabl e derivatives thereof. 27 A "pharnaceutically acceptable =~ -
derivative,” as wused herein denotes any pharmaceutically acceptable salt,
ester, prodrug, or salt of such ester or_ drug, of a conpound of this
i nvention or any other conmpound which, 5 upon adrinistratlon to ? Fﬁtlent,
I s:.:capable of,providi . (directly or_indiregt a conpound o IS
i nvent i 8n, ormOdaéolrre faﬁ)po‘a\ | ler(%%ﬂ rsgs(%lyueea?%eejebﬁ,g' c% ?Ja%?lép&ze%l by ZR8G+ onal
activity. SumMatilsi fgdad.arftiundsgrect®d! yop t rmox:@}mgnnswf,. tﬁ:ﬁ)lbtfmrr}tjl ae (1)
ke . ; S

e ouan (L) Dfardl S NS o £15081 8 by FIRR g QPGS 1L

nerve crush in rats.

5 According fo 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

10 (i.e., pharmaceutical compositions).

If pharmaceutically accepiable salts of the
compounds of this invention are utilized in these
compésitions, 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, digluconate,
dodecylsulfate, ethanesulfonate, formate, fumarate,

20 glucoheptanocate, glycerophosphate, glycolate,
hemisulfate, heptanoate, hexanoate, hydrochloride,
hydrobromide, bydroiodide, 2-hydroxyethanesulfonate,
lactate, maleate, malonate, methanesulfonate, 2-naphtha-
lenesulfonate, nicotinate, nitrate, oxalate, palmoate,

25 pectinate, persulfate, 3—phenylprop}onate, phosphate,
picrate, pivalate, propionate, salicylate, succinate,
sulfate, tartrate, thiocyanate, tosylate and undecanoate.
Other acids, such as oxalic, while not in themselves
pharmaceutically acceptable, hay 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



I rmunosuppr essi ve. Moreover, 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 95/26337
and WO 94/07858), the present conpounds appear to have no activity against
MDR. Thus, the presently - disclosed conmpounds advant ageously possess
neuronal activity, without interfering_whgh_other pathways known 20 to be
affected by structurally similar conpounds. The nerve growth activity of

t he conmpounds [ i 0 y.be I ¥8Hiuki Bg188€Yera
cell culture® 5§gh %QE%%MEX?EE QuHﬁ aQFgépgigﬁp%%dafﬁe cénp unds of this

i nvention nayahEstsstbdorgaalnehasee,ZSUGhtg$oﬂkﬁygkghsxﬁéﬁﬁbne
pheochr omocyt Oggfpcymg%k $- BsglgééﬁithdaPéf Lyops §iegl am%w@uaé pp.

3191- 3195 sirmfFar Say nay be carried out in SH SY5Y hunman
neuroblastonnuchlhs aAbuannatlWebynethenthtkcldmréthlbmt iﬁ%ﬁﬁ1 a assay
described in United states 3Q patent 5, mlton et al.

Bi oorg. Med. Chem Le@%so'(§§97?a§h8 ?éFE?%ﬁ%egogt?éﬁl?ﬂegé?ﬁp ¥ be "

utilized. Thgecgpeupdszeh Whth sO¥RNh§ent yBYs alewebealkgsayatlifes, nerve

growh activity 'in vivo using a nouse 28  nodel of Parkinson's disease [J.
P. Steiner efugh. °~PwséhylhnngykcaBF°E%% %ngb f hi%ﬁig €23 (1997),

United StatgsoRabient aad72442863; oalépkypws@gfsuég;cahcschatdrmenhyye crush
inrats. 5 According to another enbodi the i entlo

ovi des
conposi ti onsd éSﬁbVFS|ﬁQthEBnﬁBﬂnGIB?YgE§u5fat?%f ?%Q(Fﬁaiﬁ Bﬁ%ﬁgff\o and
a phar mageut kgahl ¥s decyl, lauryl, myristyl and stearyl chlorides,

bromides and iodides, aralkyl halides, such as benzyl and
phenethyl bromides and ofhers. Water or oil-soluble or
dispersible products are thereby obtained. |
The compounds utilized in' the compositions and
15 methods of this invention may also be modified by
appending appropriate functionalities to enhance
selective bioclogical properties. Such modifications are
known in the art and include those which increase
biological perietration into a given bioclogical system
20 (e.g., blood, lymphatic system, central nervous system),
increase oral availability, increase solubility to allow
administration by injection, alter metabolism and alter
rate of excretion.
Pharmaceutically acceptable carriers that may
25 be used in these pharmaceutical compositions include, but
afe not limited to, ion exéhangers, alumina, aluminum

stearate, lecithin, self-emulsifying drug delivery

systems_(SEDDS) such as daftocopherbl, polyethyleneglycol
1000 succinate, or TPGS, surfactants used in

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

partial glyceride mixtures of saturated vegetable fatty



acceptable carrier. Preferably, the conpositions of this invention are
formulated for admnistration to a nammal 10 (i.e., pharnaceuti cal
conpositions). |If pharmaceutically acceptable salts of the conpounds of
this invention are utilized in these conpositions, those salts are _
preferably derived from inorganic or organic acids and bases. |ncluded
anong 15 such acid salts are.the foIIoan?' acetate, adipate, alginate,
aspartate, benzoate, benzenesul fonate, b gulfate, butyrate, citrate,
canphorate, camph- orsul fona cycl opent anepr opi onat e, di gl yconat e,
dodecyl sul f af€t éthﬁﬁggﬁrfﬁﬁigﬁ,o oFﬁEFEFOEMEﬁ?atEchobjlB%S%@Eﬁgﬁoate,
ﬁl xécer ﬁ}ohos 8@@1 Qﬁtgl yg@haﬁgum E?H'rsgbf(;figﬁosigﬁﬁtanogabeasb&mn?h?rﬁeogen

ydr ochl ori de, r obr om de, roi.qdi de, 2- oxyet hanesul f onat.e,
et at e, i BAPSENREF onSbts Cite HAHES O ofiPE, S5 haphERLIOLeAIs SR A0REr .

ni cotinate, mighaseumoxal ai®icpakpopbeyv2hypepyinat edopel spbligliactic
3- phenyl propi onat e, . phosphat e, Eacra;e, pi val at e, g[opion te, salicylate,
succinate, 2GlfatRlOYareriEROLYBIBEGAhAEeaCtBsyFaFEIGna8CdAdecancate.

Ot her aci ds,csULhl8seoBabéq, sibstenbes, i suthegselvesanghapmageutical l'y
accept abl e, may be enpl oyed in_the SOﬁﬁre aration of salts_useful as
i nt er medi at R ¥EbRYL¢RE ngl YERE, cBAPOURAIS2HPOXBETRYARELAH1LQRE t hei r

phar maceut i qgbl yac2grepbapl waresy podiEtP16RLtsol PaspsablsehBehbudex
ammoni um sal ts, al kal i feta$ falts, such as sodi um and Eita55|un1salts,
al kal i ne 29 PRLYRT fetBPL ¥etp¥IeRg Bl%COLa| ¥Rt LAl - maGHELPARFEALRE, salts

with orggni c.basess éu;?ih%g,s SLEVH ARV AE G, SR thed CB IV I b BF HEZM Ne,
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and salts mnth am no ac

derivatives such as hydroxyalkylcyclodextrins, including

2- and 3-hydroxypropyl-B-cyclodextrins, or other

solubilized derivatives may also be advantageously used

to enhance delivery of compounds of the compounds of this
15 invention. '

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
proliferatibn of nervous tissue. As used in this
application, the term “neurotrophic factor” excludes the
ceompounds 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



such as arginine, lysine, and NN(Cl_4 alkyl)4 salts. 5 Also, the basic
nttrogen-contai ning groups can be quaternized with such agents as | ower

al kyl halides,.. such aS nethyl, ethyl, propyl, and butyl chloride,

brom des and i odides; dialkyl sulfates, such as dinethyl, diethyl, dibutyl
and di anmyl sulfates, |Iong chain halides 10 such as decyl, lauryl, nyristyl
and stearyl chlorides, bromdes and iadiges, aral kyl halides, such as
benzyl and phenethyl brom des and others. Water or oil-soluble or

di spersibl e ﬂé@P&@E?@I@ f;_lr@a&bsy QRtRiqed bu-Ehearcé)erQurlqst}Eéd '@&d' n'the

conpositions and t hods of this invention may al so be nodified by

appendi ng app?Bif | R FunaGial INGlEs tidserdianarowtdl daqtar bisikdilcal

properties. Such; fmdidd GAl |0 At K HM vat itRe alferand iqydpide those which
increase biolo |calcgenetrat|on into a given biological system 20 (e.g.,

bl ood, | ynphafie & yatemRasentiidir apdrdugreydhedactioner@ddd amgd PFGE,
avai | abi bi.t yyedgleri®ane \30) Widddie L @edlih@y gq%m Halcdld N @qqﬂl ection,

alter metabolismand al'ter rate of excretion. arnaceutl y acceptable )
carriers thaRragydesiygd peagatyopdse fﬁﬁépﬁad@@if’dal cddmEs tions i ncl ude,

but are notnd rBthRGHI A% L TR s, gdliu fa%,naléggggla“&n%} RArate,

| ecithin, self-enutsifying drug del |very systens such as
da- tocopher&eur@ﬂrm}mﬂ efﬁég’—lo)lcleDNf@@On§Ué@ftﬁ@P@lnor3 W%Nsurfaot ant's

used in 30 RharBRGRWHiTAl4 /B0SAEE 4f/81 15 §U%Bya%f-r‘ﬁ’%@n%oﬁ1 Sy simlar
polynerlc dellveré matrices, serun1prote|ns such man serum al bum n,

gel at i n} Obuftescrd Amc B9 ST/R6849. pHOs BRALRa$05| 6 B/ 16AHi, c Waki d,
pot assi um safdyatos33, Pad ioal/ 18l6pesT Wwde 9Bl 1beLeS oof ndAbYathadvedatabl e fatty

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,
intramﬁScular; intra-articular, intra-synovial,
20 intrasternal, intrathecal, intrahepatic, intralesional
| and intracranial injection of 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. 1In 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 aqueous or oleaginous suspension.
These suspensions may be formulated according to

techniques known in the art using suitable dispersing or



- 30 acids, water, salts or electrolytes, such as protam ne sulfate,

di sodi um hydr ogen phosphate, potassium hydrogen phosphate, sodi um
chloride, zinc salts, colloidal silica, magnesiumtrisilicate, polyvinyl
pyrrolidone, polylactic 5 acid, ployaceticpolyglycollic acid, citric acid,
cel1ul ose-based substances, such as HPC and HPMC, pol yethyl ene glycol,
sodi um car boxynet hyl cel | ul ose, pol yacryl abes, waxes,

pol yet hyl ene- pol yoxypr opyl ene- bl ock polyners pol yet hyl ene gl ycol, wool

fat. CyclodexbtiRfgl@geHel asqa d3Rd Ygenekodexhyd emi cal |y
nodi fi ed derlvatlgesgsuch as h?gfggna I kyl cy c* éextr%hs%ﬁéﬁﬁféhng 2- and

3- hydroxyprob?De§t€9éPoﬂéﬁPPFﬁ§1°BrméVhé#SOstublEtgedldenﬂuMEqnahiaﬂay al so
be advant agegyshyigsedr EQsB@HéQSﬁ Qﬁ'bv b%-25 g”gg%@%% 22he conpounds

of this 15 invention. According to another &nb har maceut i cal
conposi ti ons@efePhEBl e ndbhueBh Oadépﬂvgnébl?OCOﬁpampéeaaﬁe@r@nmmdman

factor. Bie sgrm Sneurobiepble |ARLOE" mnealogd; HeiE! Yeriehels o 20

conpounds which are capable of stinu atln prol
nervous ti ss¥@lVeRtgstlyat mmanike émplbyad|@n¢ WHEererRuhgeuﬂstrophlc

factor” exclydeseide a50MPOLAGS; Cos6aLBRANELE Je MUTREQUS neyrot rophi ¢

factors have been 25 i1denti e arf and any Y6 faftors may be
ut|I|zed|11Q¢@#Ekm®os$t¢©h%eofflh¢@ onWen&rencoﬂheBE18malﬂguempﬂopbuc

| f
neulin arovih Tant oot TG 13 e e e B BREabaASTEbPhabFocentuch as

I nsulin %romﬁh fact or and Ive trunc
gl GF- 1, bland fixec 011 may be employed including synthetic mone-

or di-glycerides. Fatty acids, such as oleic acid and
its glyceride derivatives are usefui in the preparation
of injectables, as are natural pharmaceutically-
acceptable oils, such as olive o0il or castor oil,

15 especially in their polyoxyethylated versions. These oil
solﬁtions 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 invention may be orally administered in any oraily
acceptable dosage form including, but not limited to,
capsules, tablets, aqueous 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 orzl administration in a soft gelatin
capsule form (filled with either a suspension or =z
solution of a compound of this inventioh), useful
diluents include PEG400, TPGS, propylene glyccl,

Lab;asol, Gelucire, Transcutol, PVP and potassium



acidic and basic fibroblast gromh factor (aFGF and bFGF, 5 respectively),
pl atel et-derived growmh factors (PDGF), 'brain-derived neurotrophic factor
(BDNF), ciliary-- neurotrophic factors (CNTF), glial cell line-derived
neurotrophic factor (GDNF), neurotrophin-3 (NT-3), neurotrophin 4/5 .
(NF-4/5), or any of the conmpounds 10 described in WO 97/ 36869, WO 96/ 41609,
WO 97/ 16190, WO 96/40633, WO 97/18828,_ W3 26/ 40140 or WD 98/ 13355. The
nost preferred neurotrophic factor in the conpositions of this invention

is NGF. The jti f [ VvEnt i - 1 m ni st ered
orally, par e%?%?%?‘%'y, q@f/er?n%% atllpgon perdaé;ﬁ/i,oq{%pa%al | y,lrglgsct%gﬁ%i nasal l y,
buccal |y, vagrahlyy tler adtien inmieditent rieseomsiimedrhg theramilpsirfant er al
as used herelil Aml%eé&%c taadgg.gl_t?, .sd' traasveslr})%sum i rq{%’cﬁﬁ}il ar,

1< i ecal ,

intra-articular, intra-synovi ‘'ntrasternal, intra
i ntrahepati ccelhi¥adesipretiin ard igaladcmani dlf. idgssatedon amr tiaifrusi on

h . S . . ) . . . . | :
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25 inventioreddsdcontain any conventional non-toxic _
Cases. the pii of the POAITALISS Hay tPhePiitlered Lot SRaPasdcarreal 1y
accept abl e arf dhisdgezntgrorbufaieks tagremistes eche rsttals |fioryn off t he
the composi (T SIOHOeY, S S T R o TRy L
suspensilfn. prEreseEds impanisiioms they dgenftomithatedudcedld mgpri-o  t echni ques
known in tf“ﬁf?fté€¥d53é§855¥gﬁi‘whig%rikngoﬁﬁd 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 polyethylehe 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 -0f 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 formuiation.
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 compound, emulsifying



32 wetting agents and suspendi ng agents. The sterile injectable
preparation may al so be a sterile injectable solution or suspension in a
non-toxi c parenterally- acceptable diluent or solvent, for exanple as a
solution 5 in 1, 3-butanediol. Among the acceptable- vehlcles and solvents
that may be enployed are water, Ringer’ sol ution and isotonic sodi und
chloride solution. In addition, sterilg, I xed oils are conventionally
enpl oyed as a solvent or suspending mediUm For this purpose any 10 bl and
fixed oil e d | u sypthetic ycerides. Fatty
aci ds, sucﬂq%%Poliggég%f &D% 9%991 XP ?I%E deflg¥E|9§ 5%& ‘useful in the
preparation laﬂOIIﬂéxmamnes;umshadeomadmrakaghannanduﬁacakly accept abl e

oil's, such | r t 11, 15 especia

polyoxyethyﬁé% c#%é&éﬁ%} 4 ﬁﬁ%s@ﬁ%lTac SN §°3P°§6§b8ﬁ§l8ﬁ§ R&y al so
contain aI(ﬁqrmnkatededmxﬁmﬁurﬁéhﬁﬁnlmmlmhS@Ersaehm GUﬁhaaﬁlﬂb tHel v or
simlar T u onposi tions, of s 20 invention may

be oralls agﬂﬂ%pg 2$é§n§%52%§ %#%ﬁ?né% %%ﬁf%lﬁsgabﬁ PBPNPEnBPE&I ng, but
not limted nrmrma:caqosmceasl,ly aeb:tceé;stalalmafnJ:SrselS@enSSOﬂﬁaBneS@bhlt:b.@B?s In -

the case of .table oral use carr rs which ar commonl y used i ncl ude
| act ose, corlr{lcgt a&rch b%at T fo%cgrﬁﬁ'e %meﬁ?ier}ysﬁaFgFﬁéncel | ul ose

(Avicel ). mmqmamagmulwsmhﬂtassamgf@tsyynéﬁ@%at Raapdctale, are
i1 uent o | nd b aciseR RPN A e ek B8 GeFfTas the ot her
di l uent¥Oused in 30 téhheb&hﬂﬁmlmmuﬂusuﬁnuugﬂpﬁﬁjmgbémtft§pft gelatin
compositions may be formulated as micronized suspensions
in isotonic, pH adjusted sterile saline, or, preferably,
as solutions in isotonic, pH adjusted sterile'saline,
either with our without a preservative such as
15 Dbenzylalkonium chloride. Alternatively, for ophthalmic
uses, the pharmaceutical compositions may be formulated
in an ointment such as petrolatum.
| The pharmaceufical compositions of this
invention may also be administered by nasal aerosol or
20 inhalation. Such compositions are prepared according to
techniques well-known in the art of pharmaceutical
formulation and may be prepared as solutions in saline,
employing benzyl alcohol or other suitable preservatives,
absorption promoters to enhance biocavailability,
25 fluorocarbons, and/or other conventional solubilizing or
dispersing agents.
The amount of both, the combound 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 modé
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



capsule form (filled with either a suspension or a solution of a conpound
of this invention), useful diluents include PE&400, TPGS, propyl ene
glycol, Labrasol, Celucire, Transcutol, PVP and potassium- 33 acetate.
When aqueous suspensions are adninistered orally, the active ingredient is
combined with enmul sify- ing and suspendi ng agents, such as sodi um CMC,
met hyl cellul ose, pectin and gelatin. lfsglesired,. certain 5 sweetening
and/or flavoring and/or coloring agents nmay be added. Alternatively, the

pharmaceuti cah; COMROShEiONScaRl bé Nhgmi AVEd D, MY, he S i S gy edid the
formof suppositories for rectal adm nistration. These can be 10 prepared

by m xi ng t hécs@ativnibeteeeni @able Homaiks ibedy meisteifdant which is
SM|datromntmmmaggqh&%(Mﬂ%§f§g§q%ﬁgg%?ﬁgg g, and therefore

will nmelt in the rectumto rel ease the Such terials include cocoa

butter, beesWRHCOGeIRRI®, fagtees | hathdfactsr icﬁﬂq/etmmcem@cgwtsncsf The
phar naceut i cal; & orpaSit oS, of é@érglgwleéglﬂn ﬂ@ys@mﬁ%%%em;aéé ered

topically, especially when the target of treatnent S areas or
organs read?tY§IERESsPhIREENLR breiodgaRnaRa oM - | Mdlarti finy €20 tdiseases- of

the eye, theygkidy of ﬁeﬂ?rdtoﬁ’@ﬁhi@tf%%ﬂcﬁalln tgl?(ﬁ’L co%'rﬂc}salbél%rtsomlcﬂl

fornmul ations are readily prepared for each of ese areas or orga
Topi cal applh&atdon oD tH@ Y oWRFLirRdsin rmalmonqtdwr amh We lafiag ed in a

rectal suppositorendorsgd@dd on zﬁ%d&e%&%\@tﬂng fab &f@@ enenma
formul ation. Topically-transdernmal patches may e use
10 between 0.01 - 10 mg/kg body welcht/day of the
neurotrophic factor can be administered.
It should also be undeistood 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 employed, the age, body
weight, general health, sex, diet, time of
administration, rate of excretion, drug combination, and
the judgment of the treating physician and the sevefity
of the particular disease being treated. The amount of
20 active ingredients will also depend upon the partiéular
compound and neurotrophic factor in the compositiorr.
According to another embodiment, this invention
provides methods for stimulating neerite outgrowth and
nerve growth and for preventing neurodegeneration. 1In
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



For topical applications, the pharmaceutical conpositions nay be
formulated in a suitable ointment containing the active conponent
suspended or dissolved in 30 one or nore carriers. Carriers for topical
adm ni stration of the conpounds of this invention include, but- are not-

limted to, mneral oil, liquid petrolatum white petrolatgnl_proﬁyléne'
glycol,. pol yoxyethyl ene, polyoxypropylegg conmpound, emulsifying 34 wax,
stearic acid, céetyl stearate, cetyl alcohol, |I|anolin, nmagnesium hydroxi de,

kaolin and r BY L 1h har npceutical . conposi tions can be
fg(r)-rr:JInat ed Y@\i%%ﬁéa%‘fmﬁ%%yo#%‘?%%m corTflltl%%?\i h’@c%ngs §Bt‘| #4cBRbonent s
suspended orlinstsad view, | Dyemina hromeur phat apcelidb s saphyr gfigept abl e

' ' ' , de, but,are. not limted to, _mneral oil,
Corbi tan moR R BT Y T et e S Bt S " hl conol |
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h ti Q | tions may .be for ated as. mcroni zed sus .
Pna{ggfgﬁic%jﬂgégﬁgﬁgéxﬁégkﬁﬁI%bQ§ﬂ*5ﬁ§n§)?C ¥ 67 GhPENY 7 a8eEBt &EFEns i n
i sotonic, phuEdjurstdedrstpardlaps=d ijna;ertﬁéh}jm dcwg}gl ?mdmtn_h@o?; af o
eservativ s 15 benzyl.al koni um chl.ori de. ernatively, _
gghthalnic %ﬁéﬁg?%;u§hﬂ%§§ (ﬁﬁﬁﬁ(é;eﬁﬁﬁnéﬁﬁqq ma&hﬁ@é¢b?nﬁVE%@E in an
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i nvention | s e adm ni.st ered, by nasal .aerosol or 20 inhalation. Such
conposi ti ogg%g%ée %raglpsaer s &Ya dEG rﬁjga‘%/s@r}eedﬁ‘ﬁ s e PRIV 3 n QHREeRSt of

phar mackt i palriphermll atyiedn nantl seryEdres,prapHeitheds SUHiEd L0, | N sal ine,
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 nerve 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.

_ 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



enpl oyi ng benzyl al cohol or other suitable preservatives, absorption
pronoters to enhance bioavailability, 25 fluorocarbons, and/or other
conventional solubilizing or dispersing agents. The anount of both, the
conpound and the neurotrophic factor (in those conpositions which_conprise
a neurotrophic factor) that may be conbined with the 30 carrier materdials
to produce a single dosage formw ||l vary-;depending upon the host treated,
the particular node of adm nistration. Preferably, the conpositions of
this inventignishaukdeBerosmyhat edy so g9529 between_ 0,01 - 10
ng/ kg body wei ght/day Sf a co?r%oun of S‘EPa%ﬁ%??\%eﬁ?% ecgér%% are

adm ni st eredutpbiaegs efBerbhgy béecadmbsbgeerad beomeerréntlly, 10 ng/ kg body
wei ght/day. LgnLboge;cemposst . Whi CONDL i Se. ¢ urotrophic factor,
that factor and tﬁe éonpﬂgundswg{;ﬁl%hjt%?% Fhven |%1?1t a%ﬁ’%‘yﬂ%rggs??%al ly to
stinulatft neét@tRereutgrowth or prevent neurodegeneration. Therefore, the
amount ofg neur ot r ophi cy f agt [ o itions wll.. be |ess than that
required in a m)not_heraggl uc'%ir]]— i%%}g%oehﬁ%%a mtnaéjtecfrc.nﬁ?‘gd}ﬁf%ld'hposi tions
‘a dosage of T3V beeweere 0l whly umemytapdodheveiaiitdwliayg afxdryel e fieatr @t r ophi ¢
factor can bg.pdfgpigtered. | e erstood that_ a specific
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the tredli nd2en8&akiMathah t he severity |

Proton nuclear magnetic resonance (lH NMR)
spectra were recorded at 500 MHz on a Bruker AMX 500.
Chemiceal shifts are reported in parts per million
relative to MegSi. Apalytical high performanéemliquid'

15 chromatography was performed on a Hewlett—Packard 1050
liquid chromatograph.

EXAMPLE 1

N—(4-Aminopenzenesulfonamido)-(S)-Piperidine—Z—Carboxylic
Acid-2- ( (N Methyl)-2-Pyridylethyl) Amide

20 The synthesis of N- (4-aminobenzenesul fonamido) -
(S)-piperidine-2-carboxylic acid-2-((N-methyl)-2-

pyridylethyl) amide (compound'l) is set forth below.

A. (S)-Piperidine-1, 2~Dicarboxylic Acid-1- (Tert-
Butyl ester)-2-((N Methyl)-2-Pyridinylethyl)
25 Amide. :

s

O

P

To a solution 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



of the partlcular di sease being treated. The amount of 20 active
ingredients witl also depend upon the particular conpound and neurotrophlc
factor in.the conposition. According to another enbodi ment, this invention
provi des nethods for stinulating neurite outgrowh and nerve growh and
for. preventing neurodegeneration. In. 25 one aspect of this enbodiment,

the method is used to stinulate neurite_ogggrowth and nerve growth and

pr event neurodegeneratlon in a patient and is achieved by admnistering
to the patie e ogposition conprising any of
t he conpoundgio? %ﬁg ﬂaggy%éggblo ang B&aﬁg?ﬁ%cggt?ca | y acceptabl e
carrier. Thﬂeahpnmmlnbetmybbpydlduné|2§d0|g t R@smmpe) hGde i xthgeween

nerve danmgce Snftt FPRnEO e} boBbeRL AP bn - EAREEACRY 2 Swidd VAFTES) of 36

di seases or phy5|cal tThemsluThesewaactiiflereuwiahe2@6t mll iefihtydd t o,

trigem nal neur | 0sso h n | ur al Bel I y st heni a
gravis, %hscﬁ?% y%ngopﬁéep §§|§f ?ﬁe aﬁ egn?sﬁvge%uggu%apagggophy, 5
progressi ve bwl tias a@&etlondoﬁuENuNaGHaunbpMypHhéﬁﬁﬂatads achpbuedd or

' I d b d
i corters, UHer attescered ol Rl Phcrien EERMDCRbe RBRYARENS Behonat i s,

such as th0§zedC@él:s@élmbyai@@dundaﬁw@@ucéaqssesgﬁr@orphrw’el arudkher 10
peripheral nyelin disorders, Al zheinmer's. disease, Elaln Barre syndrone,

Par ki nson' s R e@4se @R %H%%fle@aYk?hﬁﬁ iU BFEBPHERSIiABSY nultiple

scl ﬁroswi( O&Ihﬁcﬁna‘.ls?@@féﬁy nysihé ﬁléﬁédﬁéﬁ* §bwgﬁtasgst§ﬁhem a:@%gsoci ated
W t stroke, neura ar opat ot ur eneratLv
methanolp hyfgne or1 gblf ed by 5 88 methanol/
methylene chloride solution to give 3.8 g (50% yield) of

the title compound as a colorless oil. TLC: Rf=0.49
' (5:95 methanol/ methylene chloride), [lH]-NMR (CDC13)
15 consistent with structﬁre.

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

106

To the compound of part A (3.8 g, 10.9 mmol) in

20 methylene chioride (25 ml) was added trifluoroacetic acid



15 di seases, motor neuron di seases, sciatic crush, neur opat hy associ at ed
wi th diabetes, spinal cord injuries, facial nerve crush and other trauma
chenot her apy- and ot her nedi cati on-i nduced neuropathies and Huntington's
di sease. 20 In another aspect of this-enbodinent, the nethod is used to
sti-nul ate nerve growth ex vivo. For this aspect, the conpounds or -
conposi tions described above can be appl{gd directly to the nerve cells in
culture. This aspect of the invention is useful for ex 25 vivo nerve
regeneration or di 19 4. al at iment. th met.hod .of
stimulating (nleojﬁlgt'e out gr ovf)h' orlthge; g@éﬁﬁuﬁrrregqpanseuarrholaoebsg;eeoﬁe'%oatsitolif c%rrpri ses
t he additi onadust g fmbitereattiempexr giatrieent Tre eso Mitdmmevase cells in
culture wt Iﬁﬁgg tor uch as those' contained in the
conposi ti onrsjcog-?cetqm}?{re(rﬁ/en [ OISI n ggjé%doé) Saove idgryneerﬁ)so'di i ncl udes
adm ni st eri negive ovgmoakeandip e etdiyrlotaceilzite a@ot nl) ami nglteerdosage
- formor kn sgpargte, . 4 ltidq osage forns when.they are to be 37

adm ni stered tongl)p'at iTreHrét ks ef%u%eg‘gg'aetrew 5s 858 (?rarFSlca%é’ S1ized, they
may be adm rddstidriet edn@l NaftH yntidomdedyt-ilelws sorackhiitdved .| ess t han about
5 hours of one anothet,. | n .qrder at .the.-invent.ion described herein
may be nore fully undghgt o%(%)%‘%ﬁ%%f 8#@5&\}1 5 é’)?gr?pl gsleé{]éwesret forth. It
shoul d be urrddnsirood MeSO4t lesk conaepltes tear @nfder ireduttedatpires spiteposes
only and are, not to, be con%trued as Iimti n% this invention in _any manner.
10 Gener al ﬁ%Fh&EEde product was purified via medium pressure liquid

10 chromatography using a gradient solvent system of 1:89
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 NH4OH/methancl/methylene chloride),

15 HPLC: Rt= 5.22 min, (14)-NMR (CDCl3) consistent with

structure.
C. N-(4-Nitrobenzenesulfonamido)-(S)-Piperidine-2-
Carboxylic Acid-2-( (N Methyl)-2-Pyridylethyl)
20 Amide. :

e
N N

N I =

| .

0=8=0 0 \/\E)
NO 2

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



Prot on nucl ear magnetic resonance (1H NVR) spectra were recorded at 500
MHz on a Bruker AMX 500. Chem cal shifts are reported in parts per mllion
relative to Me4Si. Analytical high performance liquid 15 chromatography was
performed on a Hew ett-Packard 1050 I|iquid chromatograph. EXAVPLE 1 -
N- ( 4- Ami nobenzenesul f onani do) - (S) - Pi peri di ne-2-Carboxylic Acid-2-((N:Meth
|)-2-Pyridyl et hyI ) Am de 20 The synthesis of N-(4-am nobenzenesul f onam do) -
(S) - pi peri di ne-2-carboxylic acid-2-((N-rmeth§17-2- pyridylethyl) anide
(conpound 1) |s set forth bel ow A (S)-Pi per|d| ne- 1, 2- Di car boxylic

Aci d- 1- ( Ter t -PERANPORAER |29} N weﬂa@ufyezzaww%mwwﬂwe% Arige. CH3
NN C\Ny O-Qedd 0arth gtk dthé qa%m (aﬁidp&&%éﬁtf@té@%n&éﬁaf@@wéac aci d
l-tert-butyl ester (50 g, met hyl ene chloride (50 m) was
added EDC ( 6.pregsud. 71Th88&crigde aommhc)tfmn awedi bied hei addedion of 2-(2-

met hyl am noe xtur sal wedto stir
at anbi ent t?rr%éeg'rﬁ%%ér gi%£§48h%}?%go%%% @fl 0 J\r,@xf YﬁHEOO m
ethyl 5 abet a‘:tyEStmmi o tres t K 5o me )cmrermmefmbldwawrbymljw%asethabglf he
addi ti on of t s achi eve e se ted ani.cs
were dried over oéurlsl% 5]C?i%I\?lcooﬁfrjllcg(;ntcwu‘El P?édﬁ gﬁjgsgar e.
The crude the tltle compound as an yellowish 011. TLC: Rf= O 57

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

consistent with structure.

10 .
D. —(4—nminobenzenesulfonamido)-(S)-plperldlne 2-
carboxylic acid-2-{((N-methyl)-2- pyrldylethyl)
amide (compound 1).
s
N N
N \\

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

mmol) in ethyl acetate (10 ml) and ethanol (10 ml) was
treated under ambient temperafure with 150 mg of 10%
palladium on carbon and hydrogenated for 24 hours under a
slight positive pressure of hydrogen. The mixture was

20 filtered and concentrated in vacuo and the crude product
purified via medium pressure liquid chromatography using
methylene chloride followed by 2:98 methanoi/ methylene
chloride followed by 0.5:5:95 NH40H/methanol/ methylene

chloride solution as the solvent system to give 102 mg
25 (40% yield) of the title compound as a yellowish oil.

TLC: Rf=0.36 (1:10:90 NH4O0H/methanol/methylene chloride),

HPLC: Rt= 6.86 min, [1H]-NMR (CDC13) consistent with

structure.



product was purified via nmedium pressure liquid 10 chromatography using a
gradi ent solvent systemof 1:99 nethanol/ nethylene chloride foll owed by
2:98 net hanol/ nethylene chloride solution to give 3.8 g (500 yield) of
the title conpound as a colorless oil. TLC. Rf=0.49 (5:95 nethanol/ ’

met hyl ene chloride), [1H -NWVR (CDC13) 15 consistent with structure. "B.
(S)-Piperidine-2-Carboxylic Acid-2- (. (N4wethyl)-2-Pyridylethyi) Am de.
CH3 NNOCN HO 106 To the conpound of part A (3.8 g, 10.9 mmol) in 20
nmet hyl ene chloride (25 m) was addedegsmpipioroacetic acid 39 (10 m, 130
mol ) . 'menndmevmsalmmdtos‘_ﬁrTTmsataMnantemmmuwe The
sol ution was (S¢ofteHEFRAY &4~ %n@%?t?éﬁu&%dAﬁ%%%s%?%z?%ﬁﬂ?§ﬁ%%%laW?@P)¥e5|due
was taken up in ef i y

aqueous' | ayer was nade'basfc' y the addltlon of 2N NaCOH unt|I pH 14-15 was
achi eved. ~The separ at/d@f cngHriies svdfe @idd-aedhyYHdmydmsid WysSésr and

concent r gt e%m&dﬁ%é&@%lﬁrﬁﬁﬁlﬂnﬁdﬂheﬁ%yﬂh@qQL WA iRum-fyad via

medi um pressure I|qU|d 10 chromat ography using a gradlent solvent system
of 1:99 netdHN)/ REFORHORFS IS dﬁ%or%ﬂy ved shypet: forgyp below.

NHAOH et hanol / mgt.hy| eme Metgi)de -t @edinya -2-2 1@ rit@ LYy 1Wx8icdrvehyihe title
conpound as a col orl egsigid- 3-%ny1R&FQ3lby(radm~%0y1 -Propylbutyl

NHAOH et hanol / et hy| @@ paidineim idr).,

. R /;\\

To a solution of Boc—(N-Methyl)phenyialanine
(5.0 g, 17.8 mmol) in methyler- chloride (50 ml) was
added EDC (6.0 g, 191.71, 31.z mmol) followed by the
addition of 2-(2-methylaminoethyl)pyridine (2.5 g, 18.4
15 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 aqueous
layer was made basic by the addition of 2N NaOH until pH
12 wés achieved. The separated organics were dried over
20 anhydrous MgSO4 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 2:98
methanol/methylene chloride solution to give 2.83 g (40%



15 HPLC: Rt= 5.22 mn, [1H -NWR (CDC13) consistent with structure. C

N- (4- Ni t robenzenesul fonam do) - (S)-Pi peridi ne-2- Carboxylic Acid-2-((N

Met hyl )-2-Pyridylethyl) 20 Amde. fIHB N CN ~Y O=S=O O NO02 To a
solution of the conpound of part B (200 ng, 0.81 mmol) i-n nethyl ene
chloride (5 mM) was added triethylamne (2.0 m, 101.19, 19.8 nmmol)

foll owed by the 25 addition of 4-nitrobenzenesul fonylchloride (260 ny,
1.22 mol). The mxture was allowed to st at anbient tenperature for 24

hours. The saolutj an s,.di lut with 100 M eth etate. and g saturated
sol ution of sbdil Af\fl)\’1a Wi ar %eﬁleatcem'(%?}] )3s ﬁec‘gje%gf%?%dobfganF%g’mere
dried over ng:gjs(m%mnp%g@fé}@rgﬁoffggped[1Q{g§n§gr e. The
crude product was purified via medium pressure [Tquid chromatography. using
a gradi ent solGRH3)5 afrstiahagtt mettHy | sttt i de fol | owed by 1: 99

met hanol / et hyl ene chloride solution to give 273 ng (78% yield) of the
title conpound as an yellowi sh oil. TLC Rf=0.57 (5:95 nethanol/ nethylene
chloride), [1H -NWR (CDC13) consistent with structure. 10 D. '
N- (4- am nobenzenesul f onam do) - (S) - pi peri di ne-2- carboxylic
acid-2-((N-nmethyl)-2-pyridylethyl) amde (conpound 1).



HB NN CNly O=S=O O NH2 15 A solution of the compound fromstep C (273
ng, 0.63 nmol) in ethyl acetate (10 m) and ethanol (10 m) was treated
under anbient tenperature with 150 ng of 10% pall adium on carbon and
hydrogenated for 24 hours under a slight positive pressure of hydrogen.
The m xture was 20 filtered and concentrated in vacuo and the crude product
purified via nmedium pressure liquid chrgn?gography using nethyl ene
chloride followed by 2:98 nethanol/ nethylene chloride followed by
0.5:5: 95 NH4CH neghanol {,_ne Leng_ chlorjde solutian as.the solvent system
Lo give 102 ny 2edca O ﬁng{ﬁggﬁgffgh Y R e L S Fow oh or
TLC RF=0.36 (1:10:90 NPADEFHRTA%ALEY Myﬁ’%%l S5t 9%e), "HPLC. Rt= 6.86
mn, [1H -NVR (CDC13) consistent with structure. 41 - EXAMPLE 2

(S)- (N-Met hyl)-2-(Met hyl - (4-¢MmMyo- Benzenesul f ani | am do))

3- Phenyl - N-(2- (Pyridin-2yl) | ) Propionam de The synthesis of

(S)-(N-nethyl)-2-(nmethyl-(4- % Ha .

anino-benzenesulfaniIanido)hqgiﬁr nyl 4N\ (2- (pyyidin-2yl) ethyl)
Se 0 :

car bonyl

propi onam de (conpound 2) is To
opyl buty rogggyanide. OCH3 H 3C,. N

(N-Met hyl)-2-(Methyl-2-(Tertbuty] oxy
Am no- 3- Phenyl - N- (3-Pyridin-4-yl)-Pr
5 To the compound of step A (2.83 g, 7.1 mmol) in
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 aqueous layer was made basic by the
addition of 2N NaOH until pH 14-15 was achieved.
The_§eparated organics were dried over
anhydrous MgSO4 and concentrated under reduced pressure.
15 The crude product was purified via. medium pressure
liquid chromatography using a gradient solvent system of
1:99 methanol/methylene chloride followed by 1:10:90
NH40H/methanol/methylene chloride) to give 1.53 g (75%
yield) of the title compound as a colorless oil. TLC:
20 Rf=0.70 (1:10:90 NH4OH/methanol/methylene chloride).

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

structure.



NI O0~0 0 10 To a solution of Boc-(N Mthyl)phenylalanine (5.0 g, 17.8
mml) in nethylen- chloride (50 mM) was added EDC (6.0 g, 191.71, 31.2
mol) followed by the addition of 2-(2-nethylam noethyl)pyridine (2.5 g,
18.4 15 mmol).. The mi xture was allowed to stir at anbient tenperature-for
24 hours. The solution was diluted with 200 ml ethyl acetate and water (50
m ). The aqueous |ayer was made basic by the addition of 2N NaOH until pH
12 was achi eved. The separated organics vef® dried over 20 anhydr ous MySO4
and concentrated under redu&gd %ressure. The crude product was purified
vi a medi um pressur®e Ii&%%ﬂ HE %b?%b} etRY hy (A-BLRIPant sol vent system
of 1:99 met hanol / met hyPEMeCREF o} T ool $ 31 @by Byrenyl-NatRanol / met hyl ene
chloride solution to gi \RYRLENFYUEEEYLD BYePypneritdRe titl e conpound as
a colorless oil. TLC. Rf=0.56 (5:95 nethanol/ nethylene chloride),
[1H - NMR (CDC13) consistent w ructure. 43 B.

(N-mmet hyl) - 2- (et hyl am no) - 3- ph N-(2- (pyridin-2yl)ethyl) propionam de.
H3 H3C-, NN~ NHp 107 5 onp?ygd of step A (2.83 g, 7.1 nmol)

I .

)
O0=S=00

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, 101.19, 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 MgSO4 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 1:99 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), [1H]-NMR (CDC13)

20 consistent with structure.



met hyl ene chloride (25 m) was added trifluoroacetic acid (10 m, 130
mmol ). The mixture was allowed to stir 2 hours at anbient tenperature. The
solution was concentrated under reduced pressure to dryness. The 10 '
resi due was taken up in ethyl acetate (200 m) and water (50 ml)._ The .
aqueous | ayer was nmade basic by the addition of 2N NaOH until pH 14-15 was
achi eved. The separated organics were dri over anhydrous MySO4 and
concentrat ed under reduced pressure. e crude product was purified
via. nmedium pr ess?re I I( ﬁ é/ n ;%g d| ent sol vent system
of 1:99 net hanol

NHAOH et hanol / met hyl g Pg aml oOSL/%é O%él ﬁpc%r‘o%m[ he title
conmpound as a colorles (

NHACOH et hanol / net hyl ene chI ori d HPL Rt= 5.54 nin, [1H]-NI\/R (CDClB)
consistent wwth structure. 44 (S - (N—rrethyl) - 2- (rrethyl- (4-nitro-
benzenesul fani | am do)) - 3- pheny 2- (pyridin-2y1)Ethyl) propionam de. ~H3
9H 3G N N N O=S=00 N2 5 To™ s.lﬂl?ﬂbof t he conpound of step B (300
ng, 1.05 nmmol) in nethyl ene Ch,l.{QfId (1M ) _wasyadded triethylamne (2.0
m, 101.19, 19.8 mmol) fol | owed® bNT hy ti

4-ni trobenzenesul fonyl chl ori de (R3-a 1.56 1). The mixture was
allowed to stir at anbient

)

. NHZ
5 A solution of the compound 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 liquid chromatography using 2:98
methanol/methylene chloride followed by 0.5:5:95
NH4OH/methanol/methylene chloride solution as the solvent
system to give 194 mg (46% yield) of the title compbund.
15 as a yellowish o0il. 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-Nitrobenzenesulfonamido) - (S)-Piperidine-2-Carboxylic
20 Acid- ((N Methyl)-3- (Pyridin-3-Yl)Propyl) Amide

The synthesis of N-(4-nitrobenzenesulfonamido) -
(S) -piperidine-2-carboxylic acid- ((N-methyl)-3-(pyridin-

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



10 tenperature for 24 hours. The solution was diluted with 100 m et hyl
acetate and a saturated solution of sodium bicarbonate (50 m). The
separated-organics were dried over anhydrous MgSO4 and concentrated under
reduced pressure. The crude product was purified via nmedium 15 pressure
l'i quid chromat ography using a gradi ent solvent systemof nethylene -~
chloride followed by 1:99 nethanol/ methylene chloride solution to give
453 ny (89%yield) of the title conpound as a yellowish oil. TLC. Rf=0.63

(5:95 net hanol / nﬁthyl%n?&_ggﬁhogﬁ£§yh}?%yﬁgﬁ %CDClB) 20 consistent with

structure. 45 D."(9) €4- ami no-

benzenesul f ani | am do)) - 3- phenyl 2yl) et hyl) propi onam de
(conpound 2). 1 H3 H3CI- NN CtSJéegﬁnﬁﬁg\EEfElsolution of the conmpound
fromstep C (453 ny, 0.94 nmmol) in ethyl (20 mM) was treated under
anbient tenperature with 150 ng of 1096pallaﬁlun1on carbon and

hydrogenat ed for 24 hollesauadéntaos| bfhB-pysitiveprppaasir g 906ohydr ogen.

The m xture S5 f] red a 1 ntrate acu n he cr.ude product
purified V|aw@ u%?prggsﬁgg ??QUI ?CH?Snﬁggﬁa EE§P Mgngégﬁlne
met hanol / met hy/0 e@negchl? 6r 2 damd b) | bobtlowgdObH: 5h95adﬂlﬁ:ié®bh‘1ﬁeffhﬁﬂ@h\&ﬁet hyl ene

e comountr © 18- as: By B i snT¥F) At drds. abiotetotaotemotr
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 MgSO4 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 (85% yield) of the title

compound as an ‘yellowish orange oil. TLC: Rf=0.8 (3:97
methano;/ methylene chloride), [lH]-NMR (CDC13)

consistent with structure.
B. N-Methyl-3-(3-Aminopropyl)-Pyridine.

Y
CH,

N

A solution of the compound from step'A (11.8 g,
59 mmol) in methanol (50 ml) was bubbled N—methyiamine
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



- nmet hanol / met hyl ene chloride), HPLC. Rt= 9.04 mn, [1H) - NVR (CDC13)
consistent wth structure. EXAMPLE 3 _

N- (4- Ni trobenzenesul f onam do) - (S) - Pi peri di ne-2-Carboxylic 20 Acid-((N

Met hyl ) - 3- (Pyri din-3-Y1)Propyl) Am de The synthesis of - -

N- (-4- ni t robenzenesul f onam do) - (S)- pi peridi ne-2-carboxylic acid-H i

N-nmet hyl ) -3-(pyridin- 3-yl)propyl) am de Jcanpound 3) is described bel ow.
46 A. 3-(3-Bronopropyl)-Pyridine. Br N To a solution of

3-pyridinepr (%é%a% ' 59-1%1@21@ ddt DMy 5Q, 4 Imaths radded b

triphenyl pho%%%?%ée‘ 30,56 " 76. 2 ol ). fol Iowed by the addition of bronine
(5.4 nl, 104therodddiThen m&t2N MNas wiiowed t1d €t Wadt 2Asvast- t dRferat ure
for 48 hours,, The; solution yas, did uted wih 200 JHe vatsy rand t hgagueous

| ayer made %%ilcl%§ the adﬁ?%?oglof 2N ﬁéCH Until pH 12-13 was  achi eved.
The organi cssewaratekedrdANics aana Hoeachioy e 200 VAT ST SO &t ed
organi cs _were dried ove a ou! nd _con tr educed
pressure.5 THE S e eréo ue e%e%{sﬁ%%%s\%ugeﬁedﬁﬁ% ';)C?Iég%u?%% ulczcui' d

chr omat ogr aphyr 18 end) &l aymeectiemt o ssamte slyishem ath rorettngrempd ye hisamiade
followed by a 1:99 methanal/ vl ene l.arg |_ut i,0n j 11.8 g
(85% vyi el d) Tt 3}{%]2--?? t?r}gloorclodrrepnﬁéjonqdloggedar?v;é'Idcjs\?m%seﬁt%g?]é)r%gg/e mtgf&hg)ﬂfﬁl& .Rf=0.8
(3:97 et hattal dr it hid Erevesh ko iad€)):, 1 (14 NWMRH/@BCI@N0 ldomeitdtydremeni t h

structure. B. N Methyl-3-(3-Am nopropyl)-Pyridine. .
chlori e)goluéion as é%elpgfvéﬁé system to give 3.2 g
10 (36% yield) of the title compound as colorless oil. TLC:
Rf=0.14 (1:10:90 NH40H/methanol/methylene chloride),

[IH]-NMR (CDCl3) consistent with structure.
C. N-methyl- (S)-piperidine-1, 2-dicarboxylic acid-

l1-(tert-butyl ester)-3-((pyridin-3-yl)propyl)
amide.

[
n

Hs F
[:;:L\Wfﬁ\v/A\v/l:::l
o/|§0O -

Pl

To a solution of (S)-piperidine-1,2
dicarboxylic acid 1-tert-butylester (2.28 g, 9.9 mmol) in
methylene chloride (30 ml) was added EDC (2.0 g, 1%91.71,

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



H N CH3 N A solution of the compound fromstep A (11.8 g, 59 nmol) in

nmet hanol (50 m ) was bubbled N-nethylamne gas for a period of 10 to 15
mn until saturated. The flask was sealed and the m xture allowed to stir
overni ght at anbient tenperature. The m xture was concentrated in vacuo
and the residue taken up in ethyl 47 acetate and water. The aqueous |ayer
was made basic by the addition of 2N NaOHggntil pH 14-15 was achi eved. The
organi cs were taken up in ethyl acetate (250 nl). The separated organics

were dried oveystenydfolsOWunedhand1 pnePRGERE LA nder .requced pressure.
The crude progugt mgy$i£§£9 vigggediun1prgssu%eEﬁ?aggggcﬁngQVS rgyhy usi ng
met hyl ene chloride TolTowed By-BY48nfethbedide neohyt tor tohgewide .okl owed
by a 1:10: 90 NHADH heldhnof /thet byt gaec hde. sol ution.as the_sol vent
systemto give 3%@9 10#26%3%& d) of Ct’rﬁ‘gu"?'ig‘?l%s c%rr%%%%ﬁl%scw&rl ess oil .
(TLC: ;?f:O. 14°4G: REH 30 Hetimttio oo hydenel edd 05i 068 1 ge | 1H) 1AVR

CDC13) chbnsintrentcodit4y stdict G, _
N—nethyl-(S)-piperidiﬁ@-l,fgﬁfggggbgﬁEQ:%ﬁﬁ%ﬁtﬁﬁﬁtert-buty
ester)-3-((pyridin-3-yl)propyl) 15 amide. ~HI NN | O ~00 To a solution
of (S)-piperidinell, 2 (Scabenidinad-¢akdsnl-utyest ern(2:28 9, 9.9
mol) in 3-(pyridin-3-yl)propyl) amide,l Fl meé%yf%

[ji:l\w,fii/\\’/ﬂ::j

N N N

]

| H (@] 110
| To the compound from step C (1.2 g, 3.3 mmol)

19 1n'methylene chloride (20mL) was added trifluoroaéetic
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 MgSOqland concentrated under reduced pressure.
?he crude product was purified via medium pressure
liguid Chromatography using a gradient solvent system of
5:95 methanol/methylene chloride followed by 1:10:90

20 NquH/methanol/methylene chloride) to give 850 mg (98%

vield) of the title compound as a colorless oil. TLC:
Rf=0.17 (1:10:90 NH4OH/methanol/methylene chloride)

.7

HPLC: Rt= 6.67 min, [lH]-NMR (CDC13) consistent with

structure.



met hyl ene chloride (30 m) was added EDC (2.0 g, 191.71, 20 10.4 mol)
foll owed by the conmpound fromstep B (11.8 g, 59 nmol). The m xture was
allowed to stir at anbient, tenperature for 24 hours. The sol ution wvas
diluted with 200 ml ethyl acetate and a saturated solution of sodi-um- "
bi carbonate (50 ml). The separated organics were dried 25 over anhydrous
MySO4 and concentrated under reduced pressgygre. The crude product was
purified via medium pressure liquid chromatography using a gradient

sol vent 48 systemgof 1N994UHEE%BBEAE@BB%EE&&N@6)d@séﬁbi ¥R dd bye - 5+ 95

met hanol / met hyl ene chIggkggx§ghgthegdLQ(gLMgt4§ 93 g§ yiglg) of the
title conpound as a colg%%§§§p9n nethanol/ met hyl ene

chloride), [IH 5 NWR ( conS|stent W th structure D.
(.S)-piperidine-2-carboxylic aci (N-met hyl ) - ridin-3-yl)propyl)
amde. FH3 NN NGCy | HO 130 ffromstep C (1.2 g, 3.3
nmol) 10 in nethyl ene chloride riN | uoroacetic acid (10
m, 130 mmol ). The m xture was aINome our s at anbient
tenperature. The sol ution was oese&mtrated under reduced pressure to
dryness. The residue was taken ug in ethyl acetate (200 m) and 2N

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, 15.8 mmol) followed by the
addition of 4-nitrobenzenesulfonylchloride (300 mg, 1.42
mmol). The mixture was allowed to gtir at ambient
temperature‘for 24 ﬁours. The solution was diluted with
200 ml ethyl-acetate and a saturated solution of sodium
bicarbonate (50 ml). The sepérated organics were dried
over anhydrous MgS04 and concentratéd under reduced
pressure. The crude product was purified via medium
pressure liquid chromatography using a gradient solvent
systéh of methylene chloride followed by 1:99 methanol/
methylene chloride solution to give 165 mg (37% yield) of
the title compound as a yellowish oil. TLC: Rf=0.52

(5:95 methanol/ methylene chloride), [lH)-NMR (CDCl3)

consistent with structure.



15 NaOH (50 m). The separated organics were dried over anhydrous MySO4 and

concentrated under reduced pressure. The crude product was purified via

medi um pressure |iquid chromat ography using a gradi ent sol vent systen1of

5: 95 net hanol / met hyl ene chloride followed by 1:10: 90 20

NH4OH met hanol / met hyl ene chloride) to give 850 ng (98% vyield) of Lbe-tltle

conpound as a colorless oil. TLC Rf=0.175¢ 1:10:90

NHAOH met hanol / met hyl ene chl ori de). HPLC Rt=6.67 mn, [1H -NVR (CDC13)
4

consistent with structy s - enzenes lfo ami do pi
-piperidine-2-
N- (4- ni'trobenzenesul f o Eéi Fﬂ ¥gy#§dﬁf R
y) . O=S=0 0
otnd ron1s ep %0 g, 0.96 mMmuvl) in

aci d- ((N-nmet hyl ) -3-(pyry {é}

NC2 To a solution of the

nmet hyl ene chloride (15 m) was added triethylamnpe (2.0 nl, 101.19, 19.8
mol ) followed by the additionfof -nl?Hebenze su fonylchloride (300 ny,
1.42 mol). The m xture was al tonsti L _at _lanbient tenperature for 24
hours. The solution was diluted Wth acetate and a saturated
sol ution of sodium bicarbonat Q;:(éigo ). The separated organics were dried
over anhydrous MgSO4 and concentrhted under reduced pressure. The crude
product was purified via nediu ssure liquid chromat ography using a
gradi ent sol vent

NH,
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 vacue and the crude product purified via
medium pressure liquid chromatography using methylene
chloride followed by 2:98 methanol/.
methylene chloride followed by 6.5:5:95 NH4OH/methanol/
methylene chloride solution as the solvent system to give
15 60 mg (41% yield) of the title compound as a yellowish
©oil. "TLC: Rf=0.20 (5:95 methanol/methylene chloride),

HPLC: Rt= 7.25 min,.llH]-NMR'(CDCl3) consistent with

structure.

EXAMPLE 4
20 (S) - (N-Methyl)-2- (Methyl- (4-Amino-Benzenesulfanilamido))-
37Phenyl—N-(4-(Pyridin—3-Yl)-l—
(3- (Pyridin-3yl)Propyl) Butyl) propionamide

The synthesis of (S) = (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.



system of nethylene chloride followed by 1:99 net hanol/
solution to give 165 ng (37% vyield) of
oil. TLC. Rf=0.52 (5:95 nethanol/ methylene chloride), [1H]-NWVR (CDC13)
consistent with structure. 50 F. . '
N-'{4-ni trobenzenesul fonam do) - (S)- pi peridi ne-2- carboxylic acid- ( -
(pyridin-3- yl)propyl) amdg (conmpound 3). NN rN'Y IH3

0.35 mmol)

(N-et hyl)

’ pOSI tive

| i qui d chromat ogr aphy usi
met hyl ene chl oride foll owed by 0. 5:5:95 NHAOH net h
solution as the sol vent syste
conpound as a yel |l ow sh oi

HPLC: R:IZSMn.
EXAMPLE 4 20 H3Cu

chl ori de),
structure.

- 3-
0=5=0 0 NH2 5 A solution of the conpound fron1step E (165 ny,
in ethyl acetate (g0 m)gpagyt hd
of 10% pal I adi um on car lg}'tf{jl Fn{ﬁ 19{0)2-43 1qu£(
pressure of hy -3Ueryuxd §¥f& O butyl)
concentrated in vacuo. r#fggéﬁl roduct purl |ed un1pressure
g net hy ene chl ori de follomed by 2 98 net hanol /.

Rf =0. 20 (5:95 nol / met hyl ene

(S)- (N Met hyl)-2-(Met hyl -(4- AnlnoNBen.ene ual fani | am do)) -

3-Phenyl - N- (4-(Pyridin-3-Y1)-1- Li$gP¢r|di -3yl)Propyl) Butyl) propionam de

10

15

20

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
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 solution was

diluted with 100 ml ethyl acetate and a saturated

-solution of sodium bicarbonate (50 ml). The separated

organics were dried over anhydrous MgSO4 and concentrated
undéi-reduced pressure. The crude product was purified
via medium pressure liquid chromatography using 2:98
methanol/methylene chloride solution to give 970 mg (42%

yield) of the title compound as a colorless oil. TLC:

Rf=0.51 (5:95 methanol/ methylene chloride), [1H])-NMR

{CDC13) consistenf with structure.

met hyl ene chl ori de .
the title conmpound as a yel |l ow sh

tenperature with 150 ny
42 slight

ol /  nmethylene chloride
give 15 60 ngf41% vyield) of the title



The synthesis of (S)-(N-methyl)-2-(methyl-(4-

am no- benzenesul f ani | am do) ) - 3- phenyl - N- (4- (pyri di n- 3- 25
yl)-1-(3-(pyridin-3yl)Propyl) butyl) propionanmde is set forth below - 51
A (S)- (Nnmethyl) -2- (nethyl-2-

t ert but yl oxycar bonyl ) am no) - 3- phenyl - N- ( 4-
(pyridin-3-yl)-1-(3-(pyridin-3-yl)propyl)butyl) propionamde. 1IN H3 I

HBC NN O0~0 O N I/ To a solution of Boc_-gy- Met hyl ) phenyl al anine (1.42 g,
5.1 mml) in methylene chloride (10 nl) wa added EDC (0.98 g, 191.71, 5.1

mmol ) foll owed by t he ddi t f
bi s(3-pyridyl)-4- hEEeptyI‘\g2 CN ecl)tq_?’ol ’é‘?{ﬂ o ?h(?hr?lrgntldre g | 1 owed
to stir at anbient te atlf}'r e 61 ot Yon Res®Y éi’?i']’[té’gﬁ'
with 100 m et hyl acet afhd“aéms etur at ed sol uti on of sodi um bi carbonat e
(50 m). The separated 15 or ganl s_were dried over drous MgSH and
concentrated under-reduced pre The crude pr was purified via
medi um pressure |iquid chromatoglapy using 2:98 nol / met hyl ene

chloride solution to give 970 ngy 42 Gﬁﬂ*d) e title conpound as a
colorless oil. TLC. 20 Rf=0.51 (4 thqmol/ met hyl ene chl oride),
[ IHJ-NVR (CDC13) consistent wt s)‘#ruc urer -

H O

To the compound of step A (5.0 g, 9.2 mmol) in

5 methylene chloride (20 ml) was added trifluorocacetic acid (20
ml, 260 mmol). The mixture was allowed to stir 3 hours.at
ambient temperature. The solution was concentrated 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 MgSO4 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 meﬁhylene chloride followed by 1:10:90
NH4OH/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 NH4O0H/methanol/methylene chloride). HPLC: Rt= 9.52
min, [1H]-NMR (CDCl3) consistent with structure.



52 B. (2S)-N Methyl-2-nmethyl am no- 3- phenyl -

N-[4-pyridin-3-yl-l-(3-pyridin-3-yl-propyl)-butyl]- propionamde. N CH3

H3Cl, NN H O N- To the conpound of step A (5.0 g, 9.2 muol) in ,.

met hyl ene chloride (20 m) was added trifl.uoroacetic acid (20 m; 260"
mmol ). The m xture was-allowed to stir 3 hours at

5

anbi ent tenperature.

The

solution was concentrated under reduced pressure to dryness. The residue
was taken up in ethyl acetate (200 m) and a saturated sol ution of sodium

10 bi carbonat e(10G m ) . shhexseRanahgd ar grrhes -were dried over

VoSO and concertr at ed m%rbelrn_%%s‘;q 1&@%&&%%&;-a-gm@l@igmguéi s
purified via nmedi um pregsiiglh-guid ) -ghr@ graphy 3ush

sol vent system of 1:99pﬂqyﬁ%§§yﬂheqéthyﬁeﬁgbghﬁoride ?Lpﬁbwgg gy 5?9%
met hanol / 15 net hyl ene "chlforide foll owed by'1:10: 90

NHAOH et hanol / met hyl ene chloride) to give 3.12 g
conpound as a colorless oil.

NH4ACOH net hanol / net hyl ene chl o
consistent with structure. - 537 CY (S)CHN
ni trobenzenesul fani | am do)) - 3xghen

Rf =0.38 (1: 10¢90 \

)=2- (net hyl -, (4-

(pyridin-3-y|)-1-(3-(pyridin-3-yﬂjpr--yl) utyl) propionam de. N

10

i5

20

NO 2
To a solution of the compound of step B (1.5 g,

3.4 mmol) 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

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

separated organics were dried over anhydrous MgSO4 and
concentrated under reduced pressure. The crude product
was purified via medium pressure liquid chromatography
using a gradient solvent system of methylene chloride
followed by 1:99 methanol/methylene chloride solution to
give 1.75 g (83% yield) of the title compound as a
yellowish oil. TLC: Rf=0.67 (5:95 methanol/methylene

‘chloride), [1H]—NMR (CDC13) consistent with structure.

anhydr ous

6% vyield) of the title

in, [1H -NVR (CDC13)



H3 H3C, NNGSOO :IN 5 NO2 To a solution of the conpound of step B .
(1.59g, 3.4 mol) in nethylene chloride (20 m) was added triethylam ne
(5.0 n, 101.19, 35.8 mml) followed by the addition of i
4-ni trobenzenesul fonyl chloride (1.0 g, 4.7 10 nmmol). The m xture was T
allowed to stir at anmbient tenperature for 24 hours. The sol ution_was
diluted with 150 ml ethyl acetate and washgfd with water (50 m). The -
separated organics were dried over anhydrous MgSO4 and concentrated under

reduced pressure. ghe craideprmeuics Lo vas dfif i a4 yi g, medi um pressure
1 quid chromatography s Agh el £ o R0 M-yl ol Jethul ene,
chloride followed by 1398 yefheno| el y-ene, G ﬁﬁg ﬁ?{#ﬁ’ 0 R?Lge67
1.75 g (83%yield) of tﬁ%%?iéﬂéhf&gﬂ) dﬁ% ﬁ&ne' S . TLC =0.

(5:95 net hanol / met hyl ene 20 -chjoride), [ 1H|- 13) consistent with
structure. 54 D. (S) - (N-ne -2- (et hyl - no-
benzenesul f ani | am do).) - 3- phen 4- (pyridin-

3-yl)-1-(3-(pyridin-3-yl)propyl 1) s opi (conpound 4). I \ N

CH3 H3C ~ NN O=S=0 O

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 hydrogen. Thelmixture 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 chloridé
followed by 3:97 methanol/methylene chloride solution as

15 the solvent system to give 0.79 mg (47% yield) of the
title compound as a yellowish oil. TLC: Rf=0.36 (1:10:90
NH4OH/methanol/ methylene chloride). HPLC: Rt= 7.97 min,

[1H]-NMR (CDC13) consistent with structure.
The synthesis of other compounds of this
20 invention, ipcluding 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.



N 5 H2 A solution of the conpound of step C (1.75 g, 2.78 mmol) in ethyl
acetate (50 m) was treated under anbient tenperature with 1.0 g of 10%
pal | adi um on carbon and hydrogenated for 24 hours under a slight posi ti ve
10 pressure of hydrogen. The nixture was filtered and concentrated i.n™
vacuo and the crude product purified via mediumpressure |iquid i

chr omat ogr aphy using nethylene chloride %§I Jowed by 1:99

met hanol / net hyl ene chl oride followed by 97 net hanol / net hyl ene chl ori de
solution as 15 the sol vent systemtoE%A,gng 49 my (47%yield) of the title
conpound as a yellowi sh oil. TLC Rf 1:10: 90 NHACH net hanol /

met hyl ene chloride.). HPLC. Rt= 7.97 min, [1H -NVR (CDC13) consistent with
structure. The synthesis (51 Blh@rl@ o%m@%r’é@xt'h%% @Glﬁinventl on, including
those listed in Tabl e 14aByuidvimethy & : P248g the synthesis

schemes set forth Inﬁa@ helsidk WSH nma-mzrpra&rwﬂr&-rzemrﬁcsx}tm are wel |

known in the art. % per e- 2- rbox lic Acid,
(4-Pyri dyl meAid )2 A?ﬁ%fet kéfttyﬁteétﬁ)t S‘)I’hé *Hié’ t&ca“ mide,

(S) - pi peri didieZatoardmy | {ompfouadd d-) -i(d evett- tﬁg:try:lh below.
ester)-2-(4-pyridylmethyl) amde, citrate salt (conpound 1) is set forth

bel ow. A (S)-piperidine-1,2-dicarboxylic acid-i-(tert- butyl

ester)-2-(4- pyr|dy|rmﬁ$%dglggﬁyﬁ;qq IN2-dicarboxylic acid-1- (tert-
butyl ester)-2-(4-pyridylmethyl) amlde

|J\/O‘J
\
N

AN_0©

o O

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-(aminométhyl)
pyridine (3.18 g, 29.41 mmoi) was converted to 0.75 g

(27% yield) of product. [lH]J-NMR (CDCl3) consistent with

15 stxructure.

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

” N
O

Following the method of Example 1, part B, (S)-
20 piperidine-l-carboxylic acid-1- (tert-butyl ester)-2-(4-
pyridylmethyl) amide (0.75 g, 2.35 mmol) gave 0.49 g (95%
yield) of the title cbmpound. [1H] -NMR (CDC13)

- consistent with structure.



rN OO O 10 Fol Il ow ng the nethod described in Exanple 1, part A
(S)-piperidine-1,2 dicarboxylic acid-I-(tert- butyl ester) (2.0 g, 8.72
mol ) and 4- (am nonethyl) pyridine (3.18 g, 29.41 mmol) was converted to
0.75 g (271 yield) of product. [1H)-NWR (CDC13) consistent with 15 -
structure. B. (S)-Piperidine-2-Carboxylic acid, (4-Pyridylnethyl) Am:de N
N N H O Follow ng the nmethod of Exanple k¢ part B, (S)- 20

pi peridine-I-carboxylic acid-I-(tert-butyl ester) 2-(4- pyridyl methyl)
amde (0.75 g, 2.35 mmol) gave 0.49 g (95% vyield) of the title compound.

[ 1H - NMR (CDC13) consistent with structure. 56 C

(S) - Pi peri di ne- 2- éarbo%?Pr?lﬁ@Fddl 4-2P§PF@9NHéﬂﬁyHFLQn(ﬁ# Citrate Salt
YO2H H N YH2 N HO C PropAvémeshylp ampdei0fitxassl §&ldn of the amine (107
ng, 0.48 mol) frompart B and citric acid (94 ng, 0.48 mml) in 5

absol ute ethanol was warnmed to 60C unt|I d| ssol ve e solution was

concentrated in vacuo a the resi du dISSO| e$2in absol ut e et hanol
and concentrated in v 2
HO— C-COzH :

GHa

A solution of the amine (107 mg, 0.48 mmol)
from part B and citric acid (94 mg, 0.48 mmol) in

5 absolute ethanol was warmed to 60°C until dissolved. The
solution was concentrated in vacuo and the residue was
dissolved in absolute ethanol and concentrated in vacuo

to give a foam. [1H] -NMR (CDCl3) consistent with
structure.
10
EXAMPLE 6

(S)-?iperidine—z—Carboxylic Acid,
{4-Pyridylmethyl) Amide, Citrate Salt

The synthesis of (S)-piperidine—i,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) amide



to give a foam [1H -NWR (CDCl3) consistent with structure. 10 EXAMPLE 6
(S)-Piperidine-2-Carboxylic Acid, (4-Pvridvlinmethvl) Amde Ctrate Salt The
synt hesis of (S)-piperidine-1,2- dicarboxylic acid-I-(tert-butyl
ester)-2-(3 15 pyridylnethyl) am de, citrate salt is set forth below . "A .
(S)-piperidine-1,2-dicarboxylic acid-I-(tert- butyl
ester)-2-(3-pyridylnmethyl) amde HN N-056 57 Follow ng the nethod
described in Exanple 1, part A (S)-piperidine-1,2-dicarboxylic

acid-1-(ter;- butyl est@)cwing Qhe8mzehanob):saﬂﬂbad(am nszmapmgl , pyridine
(3.18 g, 29.41 mmol ) was converted to 36% 5 vyi el r qduct .

[ 1H - NVR ( CDEBIF @onéﬁétéﬁpeﬁﬁgﬁnes?rac@ng BXY{5Y- ﬁFbngd#ﬁ 9> Carboxylic
acid, (3- Pybudylmethgh) AaldegH 8IN7Dl mmol)Yafd 18- Fahbiownaghyhé net hod of

Exanpl e 1, S i diynes - di ‘ d; t
cston 2" EBBiohn B Sl e RS AR R,
yi el d) ef th@'ltellﬁbeofomi@l:lﬁdt [ THE} NviRR ( CDGEB)) consistent with

structure.

B. (8) -Piperidine-2-Carboxylic acid, (3-
Pyridylmethyl) Amide

- n\v/fi::k'
” N
O

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

10

(82% yield) of the title compound. [1H]-NMR (CDCl3)

consistent with structure.

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

CO,H

H I ¢H.
NN =~ HO-C—COH

GH
CO,H

N
O .
103

A solution 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 dissolved. The solution was concentrated in vacuo

and the residue was dissolved in absolute ethanol and

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



consistent wwth structure. 15 C (S)-Piperidine-2- Carboxyllc acid, (2-

Pyridyl nethyl) Amide, Citrate Salt Y2H H2 NNHOCC®RH CN) HO C2 H 2
103 A sol.ution of the amine (111 ng, 0.51 mmol) in part B and citric acid
(97 mg, 0.51 mmol) was warnmed to 60C 20 until dissolved. The solution was
concentrated in vacuo and the residue was di ssolved in absol ute ethanael and
concentrated in vacuo to give a foam [lH]5-bBNI\/R (CDC13) 58 consistent with

structure. EXAMPLE 7 (S)-Piperidine-2-Car

oxylic Acid-2 ((N

Met hyl ) - 2- Pyrcloql,)éll%ttlgyllt) wAFnder dddiatee Salt CO2H H3 CGH2 N N HO G CO2H N

C't4r |

C2H Fol l ow ng the nethod described in Exanple 5,

part C, (S) p| per|d| ne- 2- carboxylic acid-2-((N nethyl)-2- pyridylethyl)

am de (product

in exanple 1, part B) pyevpienverted to a citrate salt.

[ 1H - NMR (CDC13) consistent wth structure.

(S) -Piperidine-2-Carboxylic Acid-2-
{(N Methyl)-2-Pyridylethyl) Amide, Citrate Salt

~ CO,H

fHs G -

. N N_ =~ HO—C-CO,H
O Z CO,H

Following the method described in Eiample 5,

part C, (S)-piperidine-2-carboxylic acid-2- ((N methyl) -2-
pyridylethyl) amide (product .in example 1, part B) was

converted to a citrate salt. [lH)-NMR (CDCl3) consistent
with structure. |

EXAMPLE 8

(S)-Plperldlne 2-Carboxylic acid- ( (N-Methyl) -
3- (Pyridin-3-vl)Propyl) Amide, Citrate Salt

COH
¢Hs ] Ha
. N N ° HO-C-COH
H |
0 ¢H,
COH o,

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. [lH]-NMR (CDC13)

consistent with structure.



EXAMPLE 8 (S)-Pi peridi ne-2-Carboxylic acid-((N Mthyl)-
3-(Pyridin-3-yl)ProDvl) Amde, -Citrate Salt ¢ C2H T H3 CH2 N N N
HOCCO2H HO CH2 CO2H 110 Fol l owi ng the procedure described in Exanpl e
6, part C, S)-piperidine-2-carboxylic acid-((N nethyl)-3-
(pyridin-3-yl)propyl) am de (product from Exanple 3, part D) was corvert ed
to acitrate salt. [1H -NWR (CDC13) conskgtent with structure. 59 -
EXAMPLE 9 (S)-Piperidine-2-Carboxylic Acid,

(1, 7-di - pyridin-3-yl)heptan-4-yl) est TWRy ate Salt 5 A
(S)-Piperidine-1,2-D carboxylic Aci d-%i—-— — But yl

ester)-2-(1, 7-di-pyridin-3-yl)heptand-yl) ester CNO OO0 to NA

sol ution of (1,7-di-pyrididy- _%léj |rbo§§rl§c9’Ac%.‘&l 41 mrel) in THE
L

(30 m) was added-t@;(S)y+iRiRE Eytd £ aﬁurﬁai—a&éeéélplﬂw
ester) (5.0 g, no alTowed to

=
stir for A8 h at roomte erat ur he. rea ctlon sdlu ed vmth et hyl
acetate (200 m) & ?%dpﬁ{ )1 t:?? 2- I?yléag}ﬁgﬁé gﬁg%% GFFeg) over

%O
O
><O O

A solution of (1,7-di-pyridin-3-yl)heptan-4-ol
(6.6 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 to 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
MgSOQOg4, concentrated in vacuo and purified by medium
pressure liquid chromatography using 1:100

20 methanol/methylene chloride as the solvent system to give
2.0 g (20% yield) of the title compound. [lH]-NMR
(CDC1l3) consistent with structure.



"MySH4,- concentrated in vacuo and purified by medium pressure liquid.
chromat ogr aphy using 1: 100 20 net hanol / met hyl ene chloride as the sol vent
systemto give 2.0 g (200 yield) of the title conmpound. [1H -NVR (CDC13)
consistent with structure. - 60 B. (S)-Piperidine-2-Carboxylic Acid,
(1,7-di- pyridin-3-yl)heptan-4-yl) ester H C~—~ O ON N Follow ng the
nmet hod of Exanple 1, part B, the conpound from Exanple 9, part A (1.0 g,
4.30 nmol) gave 5 1.45 g (88%yield) of thetitle corrpound. [ 1H] - NMR
(CDC13) consistent with structure. C. (S)-Piperidi ne Car boxylic Acid,

(1, 7-di- pyridin-3-yl)hept antéryﬂn) @ﬁ&fne%scim I o O% |
HON \ O ~~OHd N2 102 E { part
C, the amne in exanple 9, part B nmay onver o 5fthe t| tle corrpound

using 1 equivalent of the am ne and~{wo equr valents of fumaric acid.
[ 1H - NMR (CDC13) consistent with $tructure.
N © A
H 0] , Z
N

\

Following the method of Example 1, part B, the

compound from Example 9, part A, (1.0 g, 4.30 mmol) gave

5 1.45 g (88% yield) of the title compound. [1H] -NMR (CDC13)
consistent with structure.

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

SUSN N
0 HO
AN
N | 0
NT. \

| OH

10 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. [1H] -NMR (CDC13) consistent with structure.



- 61 - .EXAMPLE 10 (S)-i-Methyl-Piperidine-2-Carboxylic Acid, (1,7-di-
pyridin-3-yl)heptan-4-yl) ester (~y NOCH3 ON N 111 5 A mxture of the
amne (300 ng, 0.79 mol ) from Exanple 9, part B and paraf or mal dehyde (500
ng) in nethanol (15 m) was added to Na(CN)BH3 (500 ng). The m xture was
stirred for 65 h at roomtenperature. The reaction was concentrated in
vacuo and taken up in 2N aqueous NaOH and 10 extracted wth ethyl acetate
(150mL). The organic layer was dried over SO4 concentrated in vacuo and
purified by medium pressure |iquid chromatography using a gradi ent sol vent
system of 2:98 net hanol / net hyl ene chl ogxgﬁgé gl Lgwed by 0.5:5:95

NHAOH et hanol / met hyl ene chl oride to give 15 (74%yield) of the
title conpound as a clear oil. [1H -NVR (CDCl3) consistent with structure.
62 - EXAWPLE 11 (S)a\l-{2; | pr | )- P i di,ne- 2-.Carboxyl i i,

1, 7-di - pyri di n- 3- y?%’ﬁefp%%hyﬁlé%}%l Czl‘yN gl’égl(fowi ng
the nmet hod described in Exa e 300 ng, 0.79
nmol ) from Exanple 9, part B and 2-<Jret hyl propi onal dehyde (1.6 g, 22.0
mol ) in nmethanol (15 m) was adfled to Na(CN)BH3 (500 ng). The m xture was

S

0
\
CH; O
111
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 tehperature. The reaction was
concentrated in vacuo and taken up in 2N aqueous NaOH and

10 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 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.



stirred for 65 h at roomtenperature. The reaction-was 10 concentrated in
vacuo and taken up in 2N aqueous NaOH (20 m) and extracted wth ethyl
acetate (150m ). The organic layer was dried over MgSO4, concentrated in
vacuo and purified by medium pressure |iquid chromatography using a

gradi ent sol vent system of 2:98 nethanol/nmethylene chloride followed 15 by
0.5:5:95 NH4CH net hanol / et hyl ene chloride to give 170 ng (49% yield) of
the title conmpound as a clear oil. [1H -NMR, (CDC13) consistent with
structure. 63 - EXAMPLE 12 -

(S)-1-(Pyridin-4-yl met hyl)-Piperidine xyhic Acid
(1, 7-di -pyridin-3-yl)heptan-4-yl) este%x§gggg—%k 5 N113 Fol | ow ng the

nmet hod descri bed apple. 79 nmol )
from Exanpl e 9, pg?tgg ﬁ?ﬁf £ nﬂnl) in
met hanol (15 m) was added was 10

stirred for 65 h at roomtenperature. The reactlon was concentrated in
vacuo and taken up in 2N aqueous Na (20 mM) and extracted with ethyl
acetate (150nml). The organic layer (wag dried over MySO4, concentrated in
vacuo and purified by nedium pressure Ld-chr Qgraphy using a

gradi ent 15 sol vent system of 2:98 hatol /jnet hyl eihe dhl ori de fol |l owed by
"~ 0.5:5:95 NHAOH net hanol / net hyl engc oride to.give (19% yi el d) of
the title conpound as a clear oil. é&iﬂ-—NNR (JCDC13) consistent with
structure. 64 - EXAWPLE 13 3 \\ 112

5 Following the method described in Example 10,
mixture of the amine (300 mg, .0.79 mmol) from Example 9, pért
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 aqueous NaOH (20 ml)
and extracted with ethyl acetate (150ml). The organic layer
was dried over MgSO4, concentrated in vacuo and purified by
medium pressure 1iquid 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.



(S)- (N-Met hyl)-2-(Met hyl am no) - 3- Phenyl - N- (2- (Pyridin-2-yl)ethyl

Propionam de, Citrate Salt CCX ., CH3 CH2 H3IC NNHOC-CR2H HCH2 O
CO2H 107 5 Follow ng the nethod described in Exanple 6, part C _
(N-met hyl ) - 2- (et hyl am no) - 3- phenyl - N- (2- (pyri di n-2- yl)ethyl) propionam de
(product in Exanple 2, part B) was converted to a citrate salt. ['H -NW
(CDC13) consistent with structure. 10 EXAMPLE 14 ' o

(2S) - N-Met hyl - 2- net hyl am no- 3- phenyl - N- [4¢gyri din-3-yl-1-(3-pyridin-3-yl
propyl)-butyl]-propionamde Ctrate Salt CO2H CH3 CH2 H3C, N N HO 111
-C2H HO CH2 CO2H 109 N 15 Fol | ow pgapbepmeshod described in Exanple 6,
part C, (2S)-N- Mthyl-2-nethyl am no-3-phenyl-N[ 4- pyri di n- 3-

| -1 -(3-pyri di n- - -butyhl- h opagi.deqf pLogdust jn, 65, Exanpl e 4,
711~ YLV 1y e Yl 0R) OB8EL S REOOUEL b, 08 ERam ¢
structure. EXAMPLE 15

Following the method described in Examble 10,

mixture of the amine (300 mg, 0.79 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 temperatuie. 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

15 solvent system of 2:98 methanol/methylene chloride followed
by 0.5:5:95 NH40H/methanol/methylene chloride to give 70 mg
(19% yield) of the title compound as a clear oil. [lH]-NMR

(CDCl3) consistent with structure.



Rot amase | nhibition Assay 5 Inhibition of FKBP enzyne 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

i ncorporated by reference. This is a chynotrypsin- coupled assay in which
FKBP catal yzes the cis to trans 10 i sonerization of the Leu-Pro bond in the
pepti de substrate Suc-Al a-Leu-Pro-Phe-pNA. The trans form but not the cis
form is cleavable by chynotrypsin. The [eé§a§e Phe- pNA was nonitored by
absorbance at 400 nm Chynotrypsyn' cl eavage®™is very rapid and therefore

cis-to-trans isonerization is rate- 15%%%% Each reaction m x
consisted of 0.1 MTris buffer, pH 7.5 KBP, 30 pM substrate and

0.5 nMto 10 pMof ¢ i 2S0. e _m xture was
i ncubated at 15C for, ‘ '_g%’ﬁrt’lﬁlt"t(@qtby

addition of chynotry 3 ar- Simmciaa: 5
5 mnutes. Total reaction volune was 1 m . None
venti on denonstrated a Ki ofgcdhgss than 10 pM
p. bel ow. 66 - Table 4. Rotanase | nhibition.
. GHy: <>#: t .......:...F?Hz.:.........H.
107 225,900 = HO—C- O,H :
>25, 000 !

of the conpounds of th
as denonstrated in the

S x;OOOHaé\>5 000N

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

(2S) ~-N-Methyl-2-methylamino-3-phenyl-N-
[4-pyridin-3-yl-1-(3-pyridin-3-yl-
propyl) -butyl] -propionamide, Citrate Salt

COH

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



- 1! 2 ’ - \4’”‘

T R O V2
101 >50, 000 112 >50, 000 :; —000 104 >50 000 EXAMPLE 16 MDR Sensitization

Assay 5 To denonstrate that the conpounds according to this invention do
not possess MDR reversal activity, cell lines which are known to be
resistant to a particular drug were used. W carried out nultidrug

resi stance reversal 10 (MDR) assays using L1210vNMDRC. 06 or HL60/ Vi nc cel
lines. L1210vMDRC. 06 are L1210 nouse | eukggia cells transduced wth the
pHaVDR1/ A retrovirus carrying a MDRL cDNA, as described by Pastan et al.,

Proc. Natl. Agadn1scis, P§ét B§5wa8pcoﬁ$§§tééggo(%9§§Eragge igloxggfggﬁéby

multidrug 15 resistant fine 1s a cellT Trne that een drug Se

cul turing trdRBFfést edonsliiesenn @168 pginttuookechicine. The HL60/ Vi nc human
pronyl eocytic leukema cell line is a nultidrug resistant cell |ine derived
from HL60 drug- sensitive parental cells by selection in increasing 20
concentrations of vincristine. Using LBZ2AMRMDR(S 06, nultidrug resistance

reversal assays were conducted_b Ié@j 9 1 X %09 cells/well in 96 well
mcrotiter plates and exp05|ngB§%%ﬁ%rs%g;l¥4¥ﬂ§—88ﬁé§§9¥at|on range of
doxorubi 8in (50 nM - 10nhiMitibn bBEFpBESeﬁﬁ?m@ra@bﬁﬁﬂﬁﬁ Wi s CQEPOHASe Of
this |nvent|on ﬁO %PIasgSésgag désgrlbed 15 Lm@TaSngﬁcéébgf jQJLJBlol
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 0.5 nM to 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 ng/ml final
concentration) and followed spectrophotometrically for 5
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.



nn et al., Anti-Cancer Drugs, 8, pp. 125-140 (1997). 5 After ulture
Eﬁ{ﬁg days, the viability of cells was quantitated using XTT dye to assess
m tochondrial function [Roehmet al., J. Imunol.Methods, 142, pp.
257-265, (1991)]. Al determ nations were made in replicates of at |east
4. Results were determ ned by 10 conparison of the 1C50 for doxor ubi ci:n
alone to the G50 for doxorubicin + conpgund. An MDR ratio was cal cul ated
(1 C50 Dox/ 1C50 Dox + Inhibitor) and the integerlralue usedfgsgegogeari;on

und I @S S nc cells were per

graffzgocellg?%§T%6§me #QE?%§SE Fgglgkﬁgéxﬁat a cqnqentjapypn qf_4 X 104
cells/well. T : )
doxorubi cin (
conpounds  oft
5.0 or 10 pM:
141- 155 (199%) .
guantitated 4
(Roehm et al
doxorubicin .
assays the inf
i nhibitors wa
t hese assays:
table belo

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 pafticular

_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,
85, pp. 4486-4490 (1988) . The L1210vMDRC.O06 multidrug
15 resistant line is a cell line that has been drug-selected

by culturing transfected cells in 0.06 ug/ml colchicine.

The HL60/Vinc human promyleocytic leukemia cell line is
a2 multidrug resistant cell line derived from HL60O drug—

sensitive parental cells by selection in increasing

20 concentrations of vincristine.
Using L1210vMDRC. 06, multidrug resistance
reversal assays were conducted by plating 1 x 104

cells/well in 96 well microtiter plates and exposing them
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iil: ........ ~Raba' >:::>1: >>CGell:trl:<=? Jiu MM 2 0.7 HL60/V'nc 17 14.6
HL60O/Vinc .......... -1:. 801tJn 4 6.2 HL60/Vinc 102 1.2 HL6ON nc
................. ,.....................,.............ﬂ....t~
""""" s""";ié's................._. €7 e o0 ~tLS|3111t~ 6

HL66/V'nc..;;: < < ....................................... Ad.
14 19.9 HL60NmnéhfiyrfsgnHEGQFVﬁhéenﬁe Oﬁfﬁompounds.of.thls invention.

* MDR ratios t,eq ats,cemBound pcopeent Ea n PNLgexgept for
conmpounds 5, (gean 7, which were teste.d &M? %61%%% g g% can bé seen from
these resul t §€TR8Ne €fo84 -  nARLAZEANERT hBrUgst r ngror k 26al £6n (b8 Ween

struct ur es and tMER @@utareFQSEOBSdEOEChtﬁ Ub9a$f1{€ip898&ghfsf8£sth'S are

the ability of the conpoun into t e ce toxicity of the
conpound a%quﬁébﬁéﬁéﬁglP§hP§fXgﬁedye to assess mitochondrial

function [Roehm et al., J. Immunol.'Methods, 142, pp.
257-265, (1991)]. All determinations were made in

replicates of at least 4. Results were determined by

10 comparison of the IC50 for doxorubicin alone to the IC50
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 96 well microtiter plates at a
concentration of 4 x 104 cells/well. The cells were then
exposed to various concentrations of doxorubicin (8 nM to
6.7 uM) 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 (1997). After

culturing the cells for 3 days, their viability was

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 antiproliferatiﬁe Oor cytotoxicity
activity of the MDR inhibitors was also determined for
HL60/Vinc cells.

30 The results of these assays on several
compounds of this invention are depicted in the table

below.

35 Table 5. MDR Reversal Assay.



10 conpound inside the cell
than 7 woul d not be included as conpounds
~activity according to the
. Neurite Qutgrowth Quantitation In PCl2 Cel

deter

i nventi on,
pheochronocytona PC12 cells as described by Lyons et al.
cells were nalntalned at 37C and 5% C02 in
nmedi um ( DVEM == -

heat -

As such, conpounds with an MDR ratio higher
whi ch [ acks MDR reversa
paranmeters of this invention. EXAMPLE 17 15
System . In order to-directly
m ne the neurotrophic activity of conpounds described in this -
the .neurite outgrowth assay waggcarried out with 69

(1994). PC12

Bul becco' s nndlfled Eagle S

0
DR R 5%

I nacti

were then pl g at

tail coll agen:iat
replaced with
ng/ m of NG 18
i nvention (0. ) . el
admi ni stered {with 405 ng/ m séf NG:HHFQN@C
control cul t IS WerE 3 '
ng/m). The &
with 3@6forn€
scale of 0t
Neurite Qutg

'thdUR 15 conpduhd. P¢§Bﬂh¢¢;

xed

28.5

-)

"HLB0/Vinc

HL60/Vinc 1066

9.1 HL60/Vinc 0.4 HL60/Vinc

HL60/Vinc

19.9 HL60/Vinc 2.3 HL60/Vinc |

* MDR ratios tested at compound concentrations of

2.5uM, except for compounds 5,
at 10pM.

6 and 7, which were tested

As can be seen from these results, there 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

10 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

15 Neurite Outgrowth Quantitation In PC12 Cell System

. In order to directly determine the neurotrophic
activity of compounds described in this invention, the

neurite outgrowth assay was carried out with



J, AM  ........... D f.:: i~ D e DL

-,<::><;:;:>::: ..... . 2 NDNDND3 3"" 40" ND.. ::::.:;::.: ND
j: T T 4 ND ND ND 3" 3* 4* ND 6 NDND ND 4" 2 3" ND 17
37’ 8 NDNDND 4 2 3+ ND 10 NDNDND 3 4 2° ND ... 70 MOO._ 12 ND ND
ND3 3 4ND i't:.D.......... . > 14 NDNDND 3 2" 4 ND 16 ND ND ND
34* 3 . ND 18 ND ND ND 3" 4" 4" ND Z:iggil......... > 102 3 3* 4' 4 2' 3
4* 104 3" 3" 2 2" 4" 3 4 5 X 106 ND ND ND ND 1' 2° ND 108 ND ND ND O .
3 0 ND pheochromocytoma PCl2 cells as described by Lyons e% al.

(1994).

PC12 cells were maintained at 37°C and 5% CO; in

Dulbecco's modified Eagle's medium (DMEM) supplemented

s 5 with 10% heat-inactivated horse.serum, 5% heat-

inactivated fetal bovine serum (FBS), and 1% glutamate.
7 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 horée 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 concehtration of NGF (50 ng/ml). The cells
were then incubated at 37°C at 5% CO2 for 72 hours, fixed

N with 3% formaldehyde and nerve outgrowth 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.

2 ND ND ND 3 3 4= ND




- display sone ng
t hi s experinent

>:;> ROAN-:. 110 ND ND ND ND 3 0' ND 112 ND ND ND 3 4 3 ND * Assay done
intriplicate for each concentration tested. Indicated result is average of
the three sanples. - 71 Assay repeated twice, each tine in triplicate.

I ndicated result is average of the six sanples. *** Assay done in _ -
quadruplicate for each concentration' tested. Indicated result is average
of the 5 three sanples. T-he-conpounds ofs4his invention as exenplified&
by conpounds 1 - 18, 101 and 103-113 caused a significant increase in
neurite outgrow ) yox .
growt h sti nul at
concentrations
t hose conpounds
for conpound 10
sanpl e assayed

o,

20 denonstrate -k :
have herei nbefote pré ' i ménts of3this i NPentli on,
i s apparent tha 3 ? - T TR % I RTaes

110 ND  ND ND ND 3 O ND

112 - ND ND ND 3* 4 3* ND

*

Assay done in triplicate for each concentration
tested. 1Indicated result is average of the three
samples.



25 embodi nents which utilize the nethods of this invention. Therefore, it
wi Il be appreciated that the scope of this inventionis to be defined by
the cl ai ns appended hereto rather than the specific enbodi nents which have
been presented hereinbefore by way of -exanple. 30 VPI/97-102 CIP CLAIMS
We claim 5 1. A conpound of the formula: OB 10 J* N1 (CHOh X AR3 K'Y
(I'11) and pharmaceutically acceptabl e derixatives thereof, wherein: 15 A

and B are independently sel ected fron1Ar- Bétituaed-(CE CB)hséra:Eht Fr
branched al kyl, or, Ar- substltut traight aqr branghed al kenyl or
al kynyl; Ar H§(§3|%Ft ql %;ﬁﬁ fp F&yF m@rlE dpbﬁFF&fl and
wher ei n each A%< Y | éﬁ XN %ﬁ? 8 ﬁ 5ﬁ§ substituents
i ndependent | sele t ed" c

i CAcentra o S {Q? CaFe §€Faﬂghﬁs F"’BF&ﬁEhQé SRyl |

EE&f!gggo-szméf Tt (ﬁm 55 brancheg al kenyl , C)((Cl Cﬁzbs;;alghg orhgrarchid
2 ot byl enedi oxy, N R oCRET LBty P 1R L0beP oo e s gEP s P tched
al kyl  or- C2- @&-Sbmwoghﬁsoﬂ bramsgha®l and 103-113 caused a significant
: increase in neurite outgrowth over background control
_iO cultures. Léck of nerve growth stimulatory activity (as
indicated by the “0”) at high compohnd concentrations of
certain compounds is attributed to the toxic effects of
those compounds on the cells at higher boncentrations.
Negative results for compound 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 stimulatofy activity in the PC12 assay
when this experiment is repeated.
Other compounds of this invention will also
20 demonstrate 51gn1f1cant nerve growth stimulatory
activity. e -

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 methoas 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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al kenyl ) .carboxam de, N, N-di-(Cl-C5-straight or branched 30 al kyl or

C2- C5-straight or branched al kenyl) carboxam de, N (Cl-C5-straight or
branched al kyl or C2-C5-straight or branched al kenyl) sul fonam de,

N, N-di - (Cl-C5-straight or branched al kyl or C2-C5-straight or branched

al kenyl) sul fonam de, norpholinyl, piperidinyl, OZ CH2-(CH2)g-Z 35 O
(CH2) g-Z, (CH2) gq-Z-O-Z, or CH=CHZ; 72 wherein RlL andVRZ/&i7el102 CIP

i ndependently selected from (Cl-C6) -straight or branched al kyl, (C2-C6)
-straight or branched al kenyl or al kynyl, hydrogen or benzyl; or wherein
Rl and R2 are taken together with thecnhtmggen 5 atomto which they are
bound to forn1a 5-7 nenbered heterocyclic ring; Zis selected from

2-pyridyl, p&@ldyl or 4- pyridyl; and qis O, 1 or 2; 10 Xis N, 0 or C
(R ; mher@?nc 8 sel ected fron1hydrogen (Cl1-C6)- straight or branched
al kyl, or (C2-C6)-straight or branched al kenyl or alkynyl; wherein when X

is N or C(R), Y is selected from 15 hydrogen, Ar, (Cl-C6) -straight or
branched al kyl, (C2-06) -Astompghhdoofbthechedmalkenyl or al kynyl, (C5-c7)
(C1-C6) -straight or branched al kyl, (C5-C7) -cycloal kyl -substituted-
(C2-C6) -straight or branchgd kenyl or al kynyl,

( C5- Ch)o- cycl oabkenyicHgihst i tlut ed< (C1 20 C6) -straight or branched al kyl,
(C5-C7) -cycloalﬁbnyl- supsti Xutedd (C2-C6)-straight or branched al kenyl or
al kynyl , Ar-subsRst ut ed- C1-¢6) -strai(@dd)or branched al kyl,

Ar'SUbStrt£5§q§ﬂ§¥ﬁ§§gﬁ§{5§iﬂytagéepéggf qgeri&ﬁ%?bes thereof,

wherein:

15 A and B are independently selected from Ar-
substituted- (C;-Cg) -straight or branched alkyl, or Ar-
substituted- (C;-Cg) -straight or branched alkenyl or
alkynyl;

Ar is selected from 2-pyridyl, 3-pyridyl, or 4-
20 pyridyl; and wherein
each Ar is optionally substituted with one to three
substituents independently selected from halogen,
hydroxyl, nitro, -SOs;H, trifluoromethyl, trifluoromethoxy,
(C1-C¢) -straight or branched alkyl, (C,-Cg¢)-straight or

25 branched alkenyl, O-((C;-C¢)-straight of-branchéd alkyl),
O- ((C3-C¢) -straight or branched alkenyl), O—benzyi, 0-
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

30 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 Cz—Cs—straight or branched alkenyl)
sulfonamide, morpholinyl, piperidinyl, 0-2Z, CHz-(CHﬂq—Z,

35 0-(CHz)q-2, (CHy)q-Z-0-Z, or CH=CH-Z;
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i - i hed al kyl, or
| ;7 phenyl substituted-(Cl-C6)-straight or 25 branc |
gLeﬁgrygﬁbstPtutgd-(CQ-CB)-straight or branched al kenyl or al kynyl ; mhﬁn X
is 0, Yis alone pair of electrons; Kis selected from (Cl-C5) -sta:g t30
or b}anched al kyl, Ar-substjtuted (Cl-C6) -straight or branched al kyl,

- C6) - straight : e | kenyl or_ al kynyl , Ar

guczbst i % ut ed- ( ?:2- %e-rgl?g?;htgngr Kbr%ﬂ%hlerb‘?eéf%%%ﬂtﬁf seiaghRA | Egseny|
substitutedJGtﬁcﬁxﬁsEmatgmﬁnoxnbfuﬁﬂﬁéuﬁhlKﬁﬂ%”GCbpﬁgﬁy%&rai ht or

substi t ut ed; C2-g5)-sﬁ aigﬁt or branched al kenyl" or alkynyT, "o kvl
cyclohexyln%%ﬁ?F,thé FRYanPToRd kygyas bﬁ?f@ﬂgngrugpiégplgaog as(z», 502

j i | A i re 0, S, ;

glr kﬁ?)F/{l) - nai}fyg?hlggf&gé %J i%sxlgsetlsdek%ﬂée(}%%%&m ryala&g'e% < él-téé’ﬁe-nst rai ght or
5 brancted aFRY to(which) theyanght bountr aschedmahkeny| merpe abiyny! .

[ [ |, Ar-substituted-
-substi t uf,gd: - -straight or branched alkyl,
?EQ?EB),-st%ggaﬁég%FE?%aﬁ%ﬂ%d al kenyl or al kynyl, phenyl

PRI e e
ituted-(C2-C6)-straig : _ ,
i;gfgheiyl ?@@YIFB??é selected from (Cl-C6) -straight or branched alkyl,

i : | d al kyl, (C2-C6)-straight or
Ar-substituted- ¢ GlsGS) 1Sty ght or branche .
branched alkenyfior a Lyny%,qar- substituted- (C2-C6)-strai ght or branched

' [ - - - i ght or branched
| kenyfOor 15 alkyiyIN, phemylC @ibstituted- (Cl-C6)-straig
3|k§|y or phenyl gﬁZstituted}ﬁcz-CB)-stralght or branched aIEeny: o;
al kynyl : wherein any "SHF D thet T IGBRsS Tofoms divindder, (GFkenyl o

-al kynyl chains in R3§ﬁiéﬂ§ﬂd”ﬁ¥|B&éﬂ3ﬂéﬁ“§1ﬂpﬁ, or (C;-Cg)-straight
or branched alkenyl or alkynyl;
wherein when X is N or C(R), Y is selected from
15 hydrogen, Ar, (C1-C¢) -straight or branched alkyl, (Cy-Cg)-
- straight of branched alkenyl or alkynyl, (Cs-C,) -
cycloalkyl—substituted—(Cl—Cs)—straight or branched alkyl,
(CS—C7)—cycloalkyl—substituted-(CZ—CS)—straight or branched
alkenyl or alkynyl, (C5—C7)—cycloalkenyl-substituted—(Cl—
20 Ce) -straight or branched alkyl, (CS—C7)—cycloalkenyl—
substituted—(C2—C5)—straight or branched alkenyl or
alkynyl, Ar—substitutéd—(cl—CG)—straight or branched
alkyl, Ar—substituted—(Cz-Cs)—straight or branched alkenyl
or alkynyl, phenyl subst%tuted—(cl—cs)—straight or
25 branched alkyl, or phenyl substituted—(Cz—CG)—straight or
branched alkenyl or alkynyl;
when X is O, Y is a lone pair of electrons;
K is selected from (C1-Cs) -straight or branched
alkyl, Ar—substituted-(Cl—Cs)—straight or branched alkyl,
30 (C2-Cq) -straight or branched alkenyl or alkynyl, Ar-
substituted—(Cz—CG)—straight or branched alkenyl or
alkynyl, phenyl substituted—(Cl—CG)—straight or branched
alkyl, phenyl substituted—(Cz—Cs)—straight or branched

alkenyl or alkynyl, or cyclohexylmethyl; wherein any one
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20 0, S, S(O, or N(R; and wherein any one of the CH2 groups of sai

al kyl , alﬁe%yl or alkynyl in R3, except the CH2 group bound to nitrogen,
is optionally replaced with C(O or S(O2. 25 2. The conpound according to
claim1l1, wherein at |east one of A or Bis an Ar-substi.tuted

| k The ¢ rdi to.claim2, wherein 30 at

fgisfﬁéng o%JA gggl |5850 8% ayF?EK§ ?g?ﬂY%a?¥ya %ﬁ%%ll@h@e@ixﬁgz :
dinyl. 4n Rndsc kaﬁhdtld QefhlREd0 by @, Msl, e ekNo) X L5 N9 .

g%élcggﬁoundnéccofd?ﬁg to clgfnf%{ mheré?L i's benzy F % 6. fﬁé cbnpound

according to claPm®, Ywhédrérn2;:J is hydrogen or thyI 7. The conpound

di t laim1, r ted from,hydro (C1-Co6
agf& | n?o Oc(e:s) - al ky Fm%og'%gfg%%ﬁgl ﬁo bﬁ‘r’%’ﬁ? (e y%t&ﬂlgh& % 4,5
trlnethybxybgﬁnoybdeahyyl 8.(CThe;) GQﬁnQu@ﬁnﬁQﬁomﬁbm@h%g %ﬁ%b%&& opherein n
is 0. 15 9. Ine conmpound ccordlna to claim1, wherein said conpound is

y

(2S) - N- Met h§f t h{F aftRSE 3L BREAY I(CN-§d -Spriadight3or branched

yl - 1-(3- pyr &tk 3- k= puoBYE dabElvkE; REGRIRQATLHR 20, 40:nA4CQTRESE T on

conpr|S|ng .
or alkynyl, phenyl substituted- (C;-Cq) -straight or

branched alkyl, phenyl substituted- (C,-Cq) -straight or
10 branched alkenyl or alkynyl, or cyclohexylmethyl;

R? is selected from (C1-C¢) -straight or branched
alkyl, Ar-substituted- (C;-C¢) -straight or branched alkyl,
(C2-C¢) -straight or branched alkenyl or alkynyl, Ar-
substituted- (C,-C¢) -straight or branched alkenyl or

15 alkynyl, phenyl substituted:(Cl—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

20 O, S, S(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(0) or s(0),

25 2. The compound according to claim 1, wherein
at least one of A or B is an Ar-substituted (C1-C¢) ~alkyl

chain.
3. The compound according to claim 2, wherein.
30 at least.one of A or B is a (C1-C¢) -alkyl chain terminally

substituted with pyridinyl.

4. The compound according to claim 1, wherein

X is N or 0.
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' ! . . . b a
a) a neurotrbphic anount of a conpound according to claim1l; and b)

phar maceutical ly suitable carrier.

10

15

20

'55 The compound according to claim 1, wherein

K is benzyli

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;-Cq)-alkyl, (C1-C¢) ~alkyl
terminally substituted with pyridyl, or 3,4,5-
trimethyoxybenzoylmethyl.

8. The compound according to claim l, wherein

n is 0.

9. The compound according to claim 1, wherein

said compound is
(28)—N—Methyl—2—methylamino—B—phenyl—N—[4—pyridin—3-
yl—l—(3—pyridin—3—yl—propyl)—butyl]—propionamide. '

10. A composition comprising:
a) @ neurotrophic amount of g compound

according to claim 1; and

b) a pharmaceutically suitable carrier.
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