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N- LI NKED SULFONAM DES OF HETEROCYCLI C THI OESTERS This is a
cont i nuatwo@as/29tigart application of U S. Patént Applricrassoonssder i al
No. 08/775,584 filed Decenber 31, 1996. 5

BACKGROUND OF THE | NVENTI ON 1. Field of Invention

Thi's invention re'&%ﬁmeﬂ@FMMﬁtowi §, small
nol ecul e N-1inked sul fonam des of heterocyclic throesters having an
affinity for TRBP- L§pe | FRDRSPHRFELAB-ARTPRRE raRBEL@atiomi bift or s of
the enzyme activily, apgeshet RgpMi bRt FRURRRAILL Wo. 08/778! 9881 BS1ed
particul arly peptldyl prolyl 1somerase, or 15 rot amase, enzyne
activity. Degembelpctls i3 of Related Art The term

i mmunophilgn refers t.o a nunber of proteins that serve as receptors
for the principal |nnunOSUooressant dru-s cl osporin A (CsA),
FK506, 20 and rapanyci n. BACKSRGYND Q& JHESINVEMTION [ ins are

cycl ophilins and FK506 bi nding protelns or FKBPS Cycl osporin A

bi nds to cyclophilin A while FK506 and rapanycin bind to FKBP12.

These i munophi 1% n- drEigld of Invankdlalkes interface with various
ntracellular sional oy idfiSfbie! 1002849t o8, neaPBELBbhYc thg, | mmune

and nervous systens. nnunophl I NS arebknomm to have

IIOtept idyl -qg ol Yyl poleculad m&s&%%ﬁ&’f’ji aRSlecille NII1AMRIG sEAEXIBMAGREVITY.

of heterocyclic thioesters having an affinity for
FKBP-type immunophilins and their use as inhibitors of
the enzyme activity associated with immunophilin
proteins, particularly peptidyl-prolyl isomerase, of
15 rotamase, enzyme activity.
2. Description of Related Art
The term immunophilin refers to a number of
proteins that serve as recepﬁors for the principal
immunosuppressant drugs, Cyclosporin A (CsA), FKS506,
20 and rapamycin. Known classes of immunophilins are
. cyclophilins and FK506 binding proteins, or FKBPs.
Cyclosporin A binds to cyclophilin A while FK506 and
rapamycin bind to FKBP12. These immunophilin-drug
complexes interface with various intracellular signal
25 transduction systems, especially the immune and
nervous systems.
Immunophilins are known to have peptidyl-prolyl

isomerase (PPIase), -or rotamase, enzyme activity. It
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has been determ ned that rotamase enzyne activity pl ays a role
in th zation of the I nt er conver si on s and
trans iggﬁg%?boﬁy pepti de and protein substrates fg$§Yﬁ%Su&b%

I mmunophi lin 5 pr ot ei ns. | munophilins were originally

di scovered and died jn the inmmune tissue. It was initially
post ul ated by tHseberp |<§%t?m+mﬁedaﬁpa@ha¥°$wwue@ﬁyme activityhe

i mmunophi lins' rotamase activity leads to i nhi bition of T-cel
prollferatlon PY3¥F eby? cadQlfy in hFhe catﬁﬁﬁﬁéEﬁBBres@fve thectivity
exhi bi ted | munosuppressant drugs, such as.cyclosporin A
FK506 alﬁtF%&f%mﬁﬁshwn Bdr t RBR sEidly ands HANS t heomens of

i nhibition of rotanase activit in and of itself, 15 does not result
in i munosuppRaRiide %E?iPFP¥Eln substratRseifins he aimmumephitin 1990,
vol . 250,_ pp. 556- 559. Instead, immunosuppression appears to stem
from 'S t RFFtRHiRFation of a conplex of i mrunosuppr essant

drugs -and i mmunophilins. It has been shown that the 20

i mmunophi | i n-drug  COMBIRSRRE LTy o Mede ﬂFﬂﬁlnﬁéﬂﬁarQlSCOVereﬁro@@¢n
targets as thelr de, of action., Schreiber et al., Cell, 1991, vo
66, pp. 807-815tUditqhe iBqskhps immune BREPURI506 Hndwagcl dphELahlesA, the

i mmunophi |l i n-dru onp] exes bj g th enz me, cal ci neurin and
inhibit 25 é%?uﬁaﬁﬁq b gggﬁf%rs%ﬁi;ﬁélﬁnnﬁ FRabsiphiniteen

proliferation. @ Iarlxnophlflngnnuno hilin-d

2 WO 98/°%91 amase aCt%VitY berA8sSoY? 23526 °
10 inhibition of T-cell proliferation, thereby causing
the immunosuppressive activity exhibited by

immunosuppressant drugs, such as cyclosporin A, FK506
and rapamycin. Further study has shown that the
inhibition of rotamase activity, in and of itself,
15 does not result in immunosuppressive activity.
Schreiber et al., Science, 1990, vol. 250, ﬁp. 556-
559. Instead, immunosuppression appears to stem from
the formulation of a complex of immunosuppressant
drugs and immunophilins. It has been shown that the
20 immunophilin-drug complexes interact with ternary
protein targets as their mode of action. Schreiber et
al., Cell, 1991, vol. 66, pp. 807-815. 1In the case of
FKBP-FK506 and cyclophilin-CsA, the immunophilin-drug
complexes bind to the enzyme calcineurin and inhibit
25 the T-cell receptor signalling which leads to T-cell

proliferation. Similarly, the immunophilin-drug

>



conpl ex of FKBP-rapanycin I nteracts W th t he RAFT1/ FRAP

protein and inhibits the IL-2 receptor signal l'i ng.

| nmunophwao 9829hsve been found to be present at 5" hi ghecDwsentsszd i ons
in the central nervous system | mmunophi lins are enriched 10-50
times nore in the central nervous systemthan in the I mune system
Wthin neural cihSSEgS, of MMyR@RIl Fﬁﬁlycﬁﬁpeainté?acts gf I ygnce
nitric oxide synthesis, neurotransmf{ter ease and neuro A
process extensi RAFT1/FRAP proteid BAd bﬁﬁﬁﬂ?&%‘dthléatIﬂl% to
concentrations of an I munosuppressant such as FK50 and’rébany0|n
stimul ate neurigeqpuigigyth in PCl2 cells and sensory neur ons,
nanmel y dor sal roo? ganglion cells (DRGs). 15 Lyons et al., Proc. of

Natl. Acad. Sci., 198fmuN@bnilins hav8lbddh kbl 3Hd be! | mal
experinments, FK506 Qﬁhas been shown to stinulate nefve %é%e%ﬂ%atlon

fol 'ow ngsfaci ahj BRT @rddin¥rations in th aP! Ad t%ygi een found
that certain 20 9 conmpounds with a hi gheaf%%gﬁy forkﬁﬁglﬁ ree%lotent

rotamase '”h'b'iﬂﬁﬁné?ﬂm?%ﬂéb@ié”%ﬁ%léﬁgd”fULQerHHéE mor 1neﬁﬁﬁ§ts
Furthernore, these rotamase inhibitors are devoi d ?

'mTUnOSUppreSS'H@n@QEELV'ﬂé&vou@e§gsféﬁd'tﬂ% in the SUYRREAL S
rotanmase inhibitors in treating vari ous peripheral neuropat |es and

enhanci ng neur opgthin neuk@d’ OWilkdued,he CRGASIhIEINOUS 3 g%&h%m (NS) .
St udi es 3 WO 98/ 29116

PCT/ US97/ 23526 jAfluence nitric oxide synthesis, neurotransmitter

10 release and neuronal process extension.

It has been found that picomolar concentrations
of an immunosuppressant such as FK506 and rapamycin
stimulate neurite outgrowth in PC1l2 cells and sensory
neurons, namely dorsal root ganglion cells (DRGs).

15 Lyons et al., Proc. of Natl. Acad. Sci., 1994, vol.
91, pp. 3191-3195. 1In whole animal experiments, FK506
has been shown to stimulate nerve regeneration
following facial nerve injury.

Surprisingly, it has been found that certain

20 compounds with a high affinity for FKBPs are potent
rotamase inhibitors and exhibit excellent neurotrophic
effects. Furthermore, these rotamase inhibitors are
devoia of immunosuppressive activity. These findings
suggest the use of rotamase inhibitors in treéting

25 various peripheral neuropathies and enhancing neuronal

regrowth in the central nervous system (CNS). Studies

s



have denonstrated that neurodegenerative disorders such as

Al zhei ner' s di sease, Parkinson's disease, and anmyot rophi c | ateral
scl er osi svQA8/P11gmy occur due to the 1oss - of, O@CTﬂﬁ@ﬁQﬁQ@d
availability of, a 5 neur ot rophi ¢ substance speC|f|c for
particul ar popul ati on of neurons affected in the disorder.

Several neurot r gpbi.C agboLs, AlLeCting Sﬁe&'réaggenmglggerfilg‘cggmsf .

popul atirons In central nervous System

For 1 SXAPLe:  LhichagsDRphodler o WHRLIES! Bl N ZNBI IR dispase

results froma ecrease or 10ss of’ nerve

has th“émﬁ%ﬁ&%FhﬂrOHQE%Qalt%ci%&%@&s %&b ma LN dRodioh f act or

Al zhei ner's Typ patients W th exogénous nerve

or ot her neurotEthlqdygnegfw PChd@éfeéged Q%g?ropﬁia¥yac ggmgh factor,

glial derived growh rary neuro

neur ot r opign- 3, neurotrobﬁllan%ﬁﬂ§ﬁaﬁ9§ s%lél le_/ﬂ ofg?ﬂlggeQerga{%qr}%gﬂeuronal

populatlons i nical appli on- of se pr af vari ous

20 neur ol ogi g3 ulgg'ﬁaﬁaéf negkghgsaff{eége?h%qpaﬁg dlsg’\-ldefarge pr ot ei ns

difficulties in't Ivery an | oaval

to nervous system gL3Lggis By £ r ”pﬂégo uppressant
drugs with neurotropﬁ neurgc F@P%? aFg%?g a%?#ﬁé #5 dFé;splay
excel | ent neﬁkeﬁﬁﬁ'GﬂﬂdléﬁioigmlnsQﬂ@zﬁéﬂéﬁ%l nek@@ﬁ¥65vst '
adn1n|stered chronlcal y, I'mmunosuppressant
4 WO 98/ Q446 been identified. For example, it FﬁggL§§;§g3526
10 hypothesized that Alzheimer's disease results from a
decrease or loss of nerve growth factor (NGF). It has

thus been proposed to treat Senile Dementia

Alzheimer's Type (SDAT) patients with exogenous nerve

growth factor or other neurotrophic proteins, such as

15 brain derived growth factor, glial derived growth

factor, biliary neurotrophic factor and neurotropin-3,

to increase the survivai of degenerating neuronal
populations.

Clinical application of these proteins in various

20 neurological disease states is hampered by

difficulties in the delivery and bicavailability of

large proteins to nervous system targefs. By

contrast, immunosuppressant drugs with neurotrophic

activity are relatively small and display excellent

25 biocavailability and specificity. However, when

administered chronically, immunosuppressant drugs



exhibit a nunber of potentially serious side effects i ncl udi ng
nephrot oxi city,. such as inpairnent of glonerular filtration and
irreverswoes2aterstitial fibrosis (Kopp et al., JeCchusydrsszs
Nephrol ., 1991, 5 1:162); neurol ogical deficits, such as involuntary
trenmors, or non-specific cerebral angina, such as non- Iocalized

headaches (De Goribet al numbNerER® polentially sMRdousl@8he JFE %@ and
vascul ar hypertension with conpl i cations resultlng t Rere 8n1(Kahan

et al., N 10 inchugingJ. ndpHrotdR88it$21: 2¥éR) - as impairment! No@rder to
prevent the side effects associ ated W th use of ﬁ

i munosuppr essagloterpbandEiltth@tion andpi?ﬁ@ﬁérsiﬁ!@nﬁhﬁﬁ SREQYL
non- i MuNosuppr essi ve conpounds cont ai ni ng smal [ ol acdl-a KBP

rotamase 15  f£ilkbdis OnRophOlet eAhANCIMY anneUsdd e NQHL%?V"‘ hyge3nd
pronoti ng neuronal growth and regeneration in various

neur opat h®l ogi chi 162} pahiedd 10gec 1Nedk L@ t § £P&EhCads involun@‘ér
facilitated, including: peri pheral nerve dhnage cause Hy

physi cal i nj ur ytemstiSeane nohabpesighcagerddral Hgabal e§uchpQ\éSh8ﬁ' damage
to the central nervous system (spinal “cord and brain);

brain damage localiz@8S®@adlaethed t DSt GRken ad qurobP9V§ g di sorders
rel ating to neur odegener ati on, such as Parkinson's ease, SDAT

(Al zheiner's digeasge)1oengd 30Y0860Phi 8nd2% t i VO
98/ 29116 F g Pil Bnd“vageul h%gg?géﬁg%hgigﬁ With

SUMVARY OF THE ddWENT¢4N ons resultanthQE3§§Bh W@% | qiy rgj atey
neur ot rophi ¢ | ow nol ecul ar wei ght, small nol ecul'e conpounds haV|ng
an 10 Engl. J. Med., 1989, 321:1725).

In order to prevent the side effects associated
with use of the immunosuppressant compounds, the
present invention provides non-immunosuppressive
compounds containing small molecule FKBP rotamase

15 inhibitors for enhancing neurite outgrowth, and
promoting neuronal growth and regeneration in various
neuropathological situations where neuronal repair can
be facilitated, including: peripheral nerve damage
caused by physical injury or disease state such as

20 diabetes; physical damage to the central nervous
system (spinal cord and brain); brain damage
associated with stroke; and neurological disorders
relating to neurodegeneration, such as Parkinson's
disease, SDAT (Alzheimer's disease), and amyotrophic

25 lateral sclerosis.



affinity for FKBP-type i munophilins. Once bound to 5 t hese proteins,
t he neurotrophi c conpounds are potent I nhi bitors of the enzyne

activityvasogmigg ed with I munophi | in proteins, parpégbindss
pepti dyl - prol yl | somerase, or rotanase, enzyne activity.
key feature of the conpounds-of the present inventionis 10 t hat

t hey do not exert any g had BECABE nvENTIA nosuppr essi ve
activity in addition to their ‘QMEEQL‘ﬁEUTUTTﬁ%%FC‘Htg ivity. Another

fi t feat thi k
Showi ng - unexpEBe P TTRYb AR oo AR AR O 0 iR SRS gov 10
Speci fically, thelg entweQ&ﬁEt'%Hai?lﬁ%ﬁgchﬁﬁycomgchggb %ggglgg fornula

l: [err] armaceufrca ester,
20 I d t aken .t th

Wth the nitrogentanacy ror" HEEELRype dmmupgehit S8 nBel ol s Vel y

gttached,ao 98/53%%%f545@é35%;7éﬁﬂﬂﬁaﬁ¥%€¥gﬁﬂfg(§$d%ou5%%a%&%9%% ent

o oo/ 23526 sanipigorg YL BAKC L 10 LRILALY Nk 80 SOLR' ARGON O

either Oor S ;imunophilin prdteihd! g5t PORAL P72 pe@t%lr—]pr%[ﬁ;lr]

strai ght or
isomerase, or rotamase, enzyme activity. A key

féature of the compounds of the present invention is
10 that they do not exert any significant
immunosuppressive activity in addition to their
neurotrophic activity. Another significant feature is
the novel addition of a thioester linkage showing
unexpected increase in biocavailability and potency.
15 Specifically, the present invention relates to a

compound of formula I:

C

A\ /H/S—-—Y——Z D
°“T

or a pharmaceutically acceptable salt, ester, or

(5]

20 solvate thereof, wherein:
A and B are taken together, with the nitrogen znd
carbon atoms to which they are respectively attached,

to form a 5-7 membered saturated or unsaturated



5 branched chain alkyl, or a (Jerr]-Cferr] straight or branched

chai n al kenyl, wherein any of the carbon atons of said al kyl or

al kenyl wwoe9saprienal |y substituted in one or * DI eEPCTOSSHA35TNS

W th am no, hal o,. hal oal kyl, t hi ocarbonyl, ester, thioester,
al koxy, al kenoxy, 10 cyano, nitro, i mno, al kyl am no,

am noal kyl, heterddycY el ¥ingt &b:0ed #¥ing %‘rﬁl fee%i: n2EYSAEL £ Qi}{zor a
carbonyl, or wherein any of the carbon atons - é

al kenyl are optignad,y s&p! ﬁgegrv\mp O NH, NR[err], S, SO or
SJerr], wherein Rerr] is selected fromthe 15 group consisting of
hydrogen (derr]-dserid Jeitined Plor &; branched chain al kyl,
(err]-Cerr])-straight or branched chain al kenyl or aIkynyI, and
(Cerr]-Cerr]) bridgingsalkydirect bondhe®i a,sal dchrd dgl %:% déor s a
het erocyclic ring starting with the n|trogen of’ err endi ng
with one 20  prindied CeHdon aL0PE, br Sét'@z:d k&’tr@igﬁﬁk@P%r&ﬁ'@ﬁQd

and wherein said heterocyclic ring is optionally fused to an Ar
group; chain alkengldi weete honkhy Uf anel ekkbokl 5{:51115 Séf %9{1& or
branched chain alkyl, or a (Jerr]-Cferr] straight or branched chain

al kenyl , wherei midw ofr threaglbaPeabpiBonhl3gi Jubstituted! kﬁfloﬁé &t kenyl
ar e- optlonally substituted in one or

WD 98/ 29116 more positions with amino, hafg/ US9{1223b1e61,

nor e positions = wth am no, hal o, hal oal kyl , t hi‘ocar bonyl ,
ester, thioesterchidddaponydl ker@ter, thioes@gano, alkBkyf 0, alkéidLP,
al kyl am no, am noal kyl , sul f hydryl, thioal kyl, sulfonyl,” oxygen
to formao cyano, nitro, imino, alkylamino, aminoalkyl,

sulfhydryl, thiocalkyl, sulfonyl, oxygen to form a
carbonyl, or wherein any of the carbon atoms of said
alkyl or alkenyl are optionally replaced with 0O, NH,
NR,, S, SO, or SO,, wherein R, is selected from the
15 group consisting of hydrogen, (C,-C;)-straight or
branched chain alkyl, (C3-C;)-straight or branched
chain alkenyl or alkynyl, and (C,~C;) bridging alkyl
wherein said bridging alkyl forms a heterocyclic ring
‘ starting with the nitrogen of NR, and ending with one
20 of the carbon atoms of said alkyl or alkenyl chain,
and wherein said heterocyclic ring is optionally fused
to an Ar group:;
Z is a direct bond, or a C,-C; straight or
branched chain alkyl, or a C,-C¢ straight or branched
25 chain alkenyl, wherein any of the carbon atoms of said

alkyl or alkenyl are-optionally substituted in one or

-



5 carbonyl, or wherein any of the carbon atons of said al kyl

or alkenyl are optionally replaced with O NH, NR[err], S, SO or
SAerr],wiyapeifg Rlerr] is selected fromthe © o OropRysseneissEi ng  of
hydrogen C?err]-C[err])-strai ght or branched chain al kyl
(C3-Co) - st ra| ght or branched 10 chain al kenyl or al kynyl, and
(dJerr]-derr]) bridgin al k wherei n sai.d rldgln IkyI fornms a
het erocyclic ri A§Fe lgf-éflﬁ ngw%\}:}f‘h {HBLRR 1 r oW Uf NI dd endi ng
with one - qQf the carbon atons” of, said_al kyI r_al kenyl cha| n,

and wherein sai &hﬁ&cétrg’ |1I’C FPRETT s EIBH’% %@E‘B‘Y'way keno¥yan Ar
group; C and are i.nde endentl rogen,
Cerr]-derr] st¥aPgnt oPHEnched n lgylam%‘ﬂ(yl ae]ﬁq-y]l_.q er r]

t ht b f th b

atom of said ameiEigEvle “tifdien, P g ﬁﬁiéﬁé‘g%b%ms&r&afan"?,ne or
Cyol oal kel , &3z Onlhy(?FoW‘legee”]t?&? x%eyc' ST e

| kyl .k | oal k I k

gpt?/onal |y substaﬁt)ﬁﬁg r\'NIat Ce(‘fg"r %/ec?crapr’%]yc q@y % l@%rﬁ%u é&‘r%’al%nyl 25

hydr ox an no, _hal o, al kyl . .t hi o ar bon este t hi,oest er,
a?/koxy?/ al kenoxyg‘z(:yéﬁoaéq?{l t? SO?ﬁ n‘ﬁ SLaPYY 2 £3'Sb1ected from Q: he

8 98/ 29rou6 con, i f hydr C.-Cq) -~ aigh

PCT/ US97/ 23526 9XOUP SH%H 8.% n8 SRR kydCrCe kT TR

hi oal kyl , 53]
O oy Pransi BRI SR, Mg AT BOTlgal ¢
posi tiong gu th Ogé%e“a%@cﬁn%m&cgiﬁgﬂyi 8ha (8,-c,) %ﬁrﬂl%ga@awlthe

car bon atoms of
wherein said bridging alkyl forms a heterocyclic ring

starting with the nitrogen of NR, and ending with one
of the carbon atoms of said alkyl or alkenyl chain,
and wherein said heterocyclic ring is optionally fused
15 to an Ar group;
C and D are independently:
hydrogen, Ar, C,~-C;, straight or branched chain
alkyl, or C,-C; straight or branched chain alkenyl,
. wherein any of the carbon atoms of said alkyl or
20 alkenyl are optionally substituted in one or more
position(s) with C,-Cy cycloalkyl, C:.-C, cycloalkenyl,
hydroxyl, carbonyl oxygen, or Ar, wherein said alkyl,
alkenyl, cycloalkyl or cycloalkenyl groups are
optionally substituted with C,-C; alkyl, C,-Cq alkenyl,
25 hydroxy, amino, halo, haloalkyl, thiocarbbnyl, ester,

thioester, alkoxy, -alkenoxy, cyano, nitro, imino,



al kenyl are optionally replaced with O NH, NRerr] ,. S, SO ' or
SJerr], wherein Rerr] is selected from the group
consi sti WO 882Nn¥&r ogen, (Cerr]-Cerr])-strai ght or branch®@T/Us97/23526 chai n

al kyl, (Cferr]-Cerr])-straight or branched chain al kenyl 10 or

al kynyl, and (Cferr]-Cferr]) bridging alkyl wherein said bri dgi ng
al kyl forms a heixkpryming, ri ngmbhaalkyl, W t Bulfhydryl, t hegRibh0@eN, Of

NR[ err] and ending with one of the carbon ] atons of said al f<y| or
al kenyl chain, andlfdweyEj nwhairdin any ofheiher ocyshbos &itBasi So©PEhogal |y
fused to an Ar group; 15 wherein Ar is an aryl or heteroaryl

noi ety which alkyl disadidesbilt atredoptibnallyt sibsedtuted in ond@Ndr

Rlerr] is selected fromthe group consisting of Ar, Cerr]-Cerr]

cycl oal kyl, O ermdré&] poslitibnai ghitlor okygenhas chedim a2Qarbor}Ky! or
Cerr]-Cerr] straight or branched chain al kenyl, or (err]-
Cerr] straight wiiebetmchey chifii thal kydrion Cheomnk- @£r shidt raiight or

or branched chain al kenyl which is substituted in one or nore
positions with Alkenglnarehapbiohalbplkefdlaced with OhyNHPXYR,, S, SO,
trifluoronmethyl, Clerr]-Cferr] straight or branched 25 chai n al kyl,

Clerr]-Cerr] stomi gh0,,0r Wiveenedired Rghais akkéagked from thar bgaglp
t hi ocarbonyl, ester, thioester, alkoxy,

9 WO 98/ 299ri&6isting of hydrogen, (C,-Cq)-straight or branched

PCT/ US97/ 23526 ' al kenoxy, cyano, nitro, imno, alkylamno,

am noal kyl , chairs@lkyyer yC;~Gshi-sbt&ight sad foomayplchesdlubbaihutdkeni’kyl or

al kenyl wherein any of the carbon atons of the alkyl or al kenyl are

optional 130 repl acedabkyhys, 80d S(T.eCi] , bOidgiBg alkyl NRjerein wheiéi n
Rlerr] is selected fromthe group consisting
bridging alkyl forms a heterocyclic ring starting with
the nitrogen'of NR, and ending with one of the carbon
atoms of said alkyl or alkenyl chain, and wherein said
heterocyclic ring is optionally fused to an Ar group:;
15 wherein Ar is an aryl or heteroaryl moiety which
is substituted or unsubstituted;
and |
R, is selected from the group consisting of Ar,
C,y—C, cYcloalkyl, C,-C; straight or branched chain
20 alkyl, C,-C; straight or branched chain alkenyl, or C,-
C¢ straight or branched chain alkyl or C,-C, straight
or branched chain alkenyl which is substituted in one
or more positions with Ar, amino, halo, haloalkyl,
hydroxy, trifluoromethyl, C,-C¢ straight or branched
25 chain alkyl, C,-C; straight or branched chain alkenyl,

carbonyl, thiocarbonyl, ester, thiocester, alkoxy,

-



of hydrogen, ((err]-Clerr])-straight or branched chain -al kyl,

(dJerr]-Cerr]) -straight or branched chain al kenyl or al kynyl, and -
(derr]-{@§bddondridging al kyl wherein said bridging al ky'rc'r/usgms ¢Orns a
heterocyclic ring starting with the nitrogen 10 of NR err] and ending
wi th one of the carbon atons of said al kyl or al kenyl chain, and

wherein said he%ﬂcgﬁgﬁlhl Cc&anlo, Pﬁ_t%bnglgn%gptéﬂ&qgnﬁnfousgglhgagﬂxggdgroup

or (ferr]-Clerr I'n preferre |rrents,

Ar is a cyclic QﬁlEﬂg 01,15tmh 0ald%fl| Gl A ANd SBGlUAST R R0 of' -

tricyclic, eterocycllc ring, wherein e ring |s

el t her “”SUbS“&&.'?]csng?erHPéiht 4hedo fntaeechebt:hvstoms of gﬁe” ?(g;gs) Wit h

hal o, hal oal kyl oxy trifluoroneth err]

strai ght or br aB?Ee ?ﬁ@i rhreZthlonﬁh.ﬂ?l reﬂf&é&l vqﬂ{ rE] 44 al%]zér or

branched chain a err] koxy, (ferr]

al kenyl oxy, phegpxyg, Qﬁ@§¥kﬂxk% f@“s@@ected fromtéﬁé) ¥5n51s%§h§ ’

t hi oester, cyano, I'm no, al kyl am no, anlno Kk sul dryl,
thioal kyl, and ;& pydrogetl,f o@yle, MRl iy liaH gl c'h'a&a sh%gg,are 5-8
25 nenbers mhereln the heterocycllc ring contains 1-

het er oat on(s) s d § i f
10 VIO 08/ Sgﬁ%? stFOBHR & 9 Hh HUS | Hd iR a‘lke@yl olgc%/lugny/léSSZG

N, or S; whereipnhar oERK, £ lSl*J.cicﬁerhj 3eﬂyky1 KiHe NI Q%1 Sridging aQRifonal ly

oxidized to a correspondlng N-oxid Particul’arly préferred Ar
groups include pBep¥l a heterocyeqaz:yImn@a@lttamﬂmgpmml Yhe BMEERLEd Nyl ,
pyri di nyl, 5 pyrimdinyl, purinyl, qui nol'inyl, isoquinolinyl,

furyl, thgophengk, NR{“a@l@ZQthngOWﬁZlﬁ)'dﬂe dfimawoladrbon atoms of said

alkyl'or alkenyl chain, and wherein said heterocyclic

ring is optionally fused to an Ar group or C;-Cg
cycloalkyl.

In preferred embodiments, Ar is a cyclic or fused

15 cyclic ring and includes a mono-, bi- or tricyclic,

carbo- or heterocyclic ring, wherein the ring is

either unsubstituted or substituted in one to five

position(s) with halo, haloalkyl, hydroxyl, nitro,

“trifluoromethyl, C,-Cq straight or branched chain

20 alkyl, C,-Cs straight or branched chain alkenyl, C,-Cs

alkoxy, C,-Cg alkényloxy, phenoxy, benzyloxy, amino,

thiocarbonyl, ester, thiocester, cyano, imino,

alkylamino, aminoalkyl, sulfhydryl, thioalkyl, and

sulfonyl; wherein the individual ring sizes are 5-8

25 members; wherein the heterocyclic ring contains 1-4

heteroatom(s) selected from the group consisting of O,

-
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pyrazolyl, and thienyl. A preferred enbodi nent of this

I nvention is a conpound of forrmula Il: [err] 10

or a phaweeas@atiécal | y acceptable salt, ester, or ) ROT/E$Y/285%6r eof |
wherein: 15 E, F, G and H are independently CHerr], O S, SO
SdJerr], NHor NRerr] wherein at least two of E, F, G and H are
CHerr]; N, or SX whefdiheirdRa¥icSor tertiary alkyd idmihed rs8d bond
to Z, a (Jerr]-Clerr] straight or 20 brariched chain al kyl, or a
Clerr]-Cferr] sbptiightlay bxadibed to a corcbapanaihgnw-oxMQr ein any of
t he carbon atons of said al kyl or alkenyl are optionally
substituted in one oParticularIprgrefesiéd A groMpd indIdw.phdia}ig,

hal oal kyl , WO 98/ 29116

PCT/ US97/ 23526 benzyl, naphitbeal, bWrol@Sl,erpyﬁﬂUlQQﬁlr@l 3 einyal kenoxy,
cyano, nitro, I m no, al kyl am no, am noal kyl , sul f hydryl,

t hi oal kyl 5 sul fpmtllmlebiyxgen t Uiy h, qulnolmg&bonyjlsocﬁnrydlqrzﬁ)lf) any Of
the carbon atons of said 5 al kyl or al kenyl are optionally replaced

with O NH, furyINR[etidpheéhyI1SO inid&eheyl ] , owaebdiyd , Ritidzd1s/1sel ect ed
fromthe group consisting of hydrogen,

(derr]-Cerr]) pytraaioglyfl, and thienyl.

A preferred embodiment of this invention is a

compound of formula II:

10
G C
IE\ S—Y—Z
T | D 11
O='SI\O
R]
or & pharmaceutically acceptable salt, ester, or
solvate thereof, wherein:
15 E, F, G and H are independently CH,, O, S, SO,
'S0.,” NH or NR, wherein at least two of E, F, G, and H
are CH.;
X is either O or S;
Y is a direct bond to Z, a C,-Cs straight or
20 branched chain élkyl, or a C.-C; straight or branched

chain alkenyl, wherein any of the carbon atoms of said
alkyl or alkenyl are optionally substituted in one or
more positions with amino, halo, haloalkyl,

11



branched chain alkyl, (derr]-Cerr])-straight or branched chain

al kenyl or al kynyl, and ((err]-Cferr]) bridging alkyl 10 wherein said
bri dgi noweldspbiibor s a heterocyclic ring st art i ngPoriUs9T/EBs261i t r 0Ogen
of NR[err] and ending with one of the carbon atons of said al kyl or
al kenyl chai n, and wherein said heterocyclic ring is optionally

fused t ©h8OCAEDGRPLP; esltfer, thicesfer,S adxPikiect
Cerr]-Cerr] straight or br anched ghalnaalkyp ang%f% ¥t]- C[err]

strai ght or brasgéws, nitrofhai imgh&enyl alphesgifeany 9f; agg Qﬁ%bon at ons
of said al kyl or al kenyl are optionally substit ut e?ﬂ

more  positionsulfwidibyl, amhiealkyhal osul fdaypal Kkbgenzoho fdgg!qgarbonyl
ester, thioester, -alkoxy, alkenoxy, cya I m no,

al kyl ami no, caarrhmmykylor wherein sat§ hyfir yhe J;Qﬂg)@tll ky{om§u$f é‘%id oxygen
to forma carbonyl, or wherein any of the carbon atons of said

al kyl or 4l kenydllyk optabhahyy aepl apeionally Ge ce35wlth HNRgrl. S
SO or SOerr], wherein Rerr] is selected fromt group

consi sting  of Nhydrogeso, ofCise; ] wheeth) w5t 18l Welectad from tne
12 WO 98/ 29116

PCT/ US97/ 23526 group condirsgriciied ochahgpdablgh, 5 FsEbeighy - g ai ght or
br anched chai n al kenyl or al kynyl, and ( err] Cerr]) bridging
al kyl wreneied sahad ibr i dbkny, al (4+Cllorstarai diat ebecystatciddg
starting with the nitrogen of NRerr] and ending with one 5 of the
carbon atons ofchaini alkshybroal Rékyhythaband (C,-C,) bmindyikersiw said
het erocyclic ring is optionally fused to an Ar group;
C and D Hte i nddparedentsieyd bridging alkyl forms a heterocyclic ring

starting with the nitrogen of NR, and ending with one

of the carbon atoms of said alkyl or alkenyl chain,

and wherein said heterocyclic ring is optionally fused

to an Ar group:

15 Z 1is a direct bond, or a C,~C; straight or
branched chain alkyl, or a C,-C¢; straight or branched
chain alkenyl, wherein any of the carbon atoms of said
alkyl or alkenyl are optionally substituted in one or
more positions with amino, halo, haloalkyl,

20 thiocarbonyl, ester, thioester, alkoxy, alkenoxy,
cyano, nitro, imino, alkylamino, aminoalkyl,
sulfhydryl, thiocalkyl,. sulfonyl, oxygen to form a
carbonyl, or wherein any of the carbon atoms of said
alkyl or alkenyl are optionally replaced with O, NH,

25 NR., S, SO, or SO0,, wherein R. is selected from the

group consisting of hydrogen, (C;-C4) ~straight or

S 12



hydrogen, Ar, Cerr]-(err] straight or branched chain 10 al kyl , or

Cerr] C&&{;Q strai ght or branched chai n al kenyl, wher ei n any of
the carb 6 of said al kyl or al kenyl are opt i BREUSY7/23526
substituted in one or nore position(s) with CJerr]-(err]
cycloalkyl, Cerr]-CJerr] cycloal kenyl, hydr oxyl , carbonyl oxygen,
or Ar, wherein Bea@chedylchaing alkydl kef§3-Cq) ~syrhbghkylor obraayrkaal kenyl
groups are . optionally substituted with CJerr]-Clerr] alkyl,
Jerr]-Jerr] afhahyl alkenyl orhpdkyRyl amngo, (hale) baldgikyl alkyl

t hi ocar bonyl, ester,, . t hi oester, al koxy, al kenoxy, cyano, nitro,

i mi no, hexsidhissdd bridgingapiyyl formsl ehpetekpcyclibi pbhiyl, 20
sul fonyl, wherein any of the carbon atons of said al kyl or al kenyl

are optional |y Stctitatth ke idirogen of Nfar andoentingswikbhhonaygen to
forma cag bonyl , or wherein any of the carbon atons of said al kyl
or al kéh§y| tBReCBEPPBNALPYS: &f Fdd vt kv D, onrpl kbl rthaf, SO, 25
or SJerr], wherein Rerr is selected from the group

consi sting of Wﬂidﬁﬁ{e%éhﬂ] befereqyckiq siige isr optaonablly fused

13 WO 98/ 29116 .

PCT/ US97/ 23526 © an Ar gngquRin gl kyl, (Clerr]-Clerr])-strai ght or branched
chai n al kenyl of alkynyl, and (CJerr]-Clerr]) bridging alkyl
wherei n sai d c a(ﬂ‘{ chlaﬁ-é ANEAPERSERE 1Y thet erocyclic ring starting

W th t he nitré%en of ‘J&IR[err] and_ending with one of the carbon 5
atoms of said al kyl BRI Y| BEhain, Candititkdet nogaikFanched chain

et e ool o iy, OBkl Snall Yo Lused 008N B o enepr TS
unsubstituted; wherein a%?/d of the carbon atoms of said alkyl or
alkenyl are optionally substituted in one or more
position(s) with C,;-C; cycloalkyl, C,-C; cycloalkenyl,
hydroxyl, carbonyl oxygen, or Ar, wherein said alkyl,
15 alkenyl, cycloalkyl or cycloalkenyl groups are
optionally substituted with C,-C¢ alkyl, C,-Cs alkenyl,
hydroxy, amino, halo, haloalkyl, thiocarbonyl, ester,
thioester, alkoxy, alkenoxy, cvanoc, nitro, imine,
alkylamino, aminoalkyl, sulfhydryl, thiocalkyl,
20 éulfonyl, wherein any of the carbon atoms of said
alkyl or aikenyl are optionally substituted in one or
more positions with oxygen to form a carbonyl, or
wherein any of the carbon atoms of said alkyl cr
alkenyl are optionally replaced with O, NH, NR,, S, SO,

25 or SO, ‘wherein R, is selected from the group

consisting of hydrogen, (C,-C;)-straight or branched

- 13



10 Rlerr] is selected fromthe group consisting of Ar,
Cerr]-Cerr] cycloalkyl, (Qerr]-Cerr] straight or branched chain

al kyl, Owergsp2oQeerr]| straight or branched chain al kenyl, ®@CcTajssrr3s26
Clerr] straight or branched chain alkyl or Clerr]-Clerr] straight

or branched chain al kenyl which is substituted in one 15 or nore
positions w th ShaiAnaDiyl hal@-chialstabhight or brancH¥®aYn alkenyl
trifluoronmethyl, Clerr]-Cferr] straight or branched chai n™al kyl ,
Qerr]-Jerr] sbraigidymyl, branghed, ahai braldemy .alkyl whef8{R08%kg

t hi ocarbonyl, ester, thioester, alkoxy, al kenoxy, cyano, nitro,
i mino, alkylani beidgihgosligll for2d a heSekdbyelldd rinky edlake¥hingSwitany! .
substituted al kyl or al kenyl wherein any of the carbon atons of

the al kyl the nitabkenybfaNR, aid emaling mdphaend Wit BhS, cS8hosA err],
O or NRlerr] wherein R err] is selected fromthe group consisting

of hydrogén, (Chéom}-&f esaild -altkydi gt adkebyhneieeich,C haidnwhkikein s2%d
(Cerr]-Cerr])-straight or branched chain al kenyl or alkynyl, and
(Clerr]-Clerr])hbtedgeygl it kydngwier eipt isaiad Uy ifthgienlg tal byl Ar group;
14 WO 98/ 29116 PCT/ US97/ 23526
forms a heterocycli cwheneimstlar tisgniadylt ke hietteagaryl moietyoihhBherr] and
ending with one of the carbon atons of said al kyl or al kenyl chai n,
and wherein sai dsheubsbipeteéd or unsubstiuiadoptionally fused to an Ar
group or Cerr]-Cerr] 5 cycl oal kyl . In preferred
enbodi nents, Arand a cyclic or fused cyclic ring and includes a
mono-, bi- or tricyclic, carbo- or heterocyclic ring, wherein the
ring is 10 ei t hBr imsidbedted efirom thdsgroup edonmishingoofi fe, 10
position(s) wth halo, haloalkyl, hydroxyl, nitro,
C;~Cy cycloalkyl, C,-C; straight or branched chain
alkyl, C,-C; straight or branched chain alkenyl, or C.-
Cs straight or branched chain alkyl or C,-C; straight
or branched chain alkenyl which is substituted in one
15 or more positions with Ar, amino, halo, haloalkyl,
hydroxy, trifluoromethyl, C,-C;, straight or branched
chain alkyl, C,-C; straight or branched chain alkenyl,
carbonyl, thiocarbonyl, ester, thiocester, alkoxy,
alkenoxy, cyano, nitro, imino, alkylamino, amindalkyl,
20 sulfhydryl, thicalkyl, sulfonyl, substituted alkyl or
alkenyl wherein any of the carbon atoms of the alkyl
or alkenyi are optionally replaced with S, SO, S0,, O,
or NR, wherein R, is selected from the group consisting
of hydrogen, (C,-C;)-straight or branched chain alkyl,
25 (C,~Cs) —straight or branched chain alkenyl or alkynyl,

and (C,-C,) bridging a:lkyl wherein said bridging alkyl

14



trifluoronmethyl, derr]-Cerr] straight or branched chain
al kyl , err]-Clerr] straight or branched chain al kenyl, Cerr]-Cerr]
al koxy, err] al kenyl oxy, phenoxy, benzyl oxXy, am rRET/US97/23526
t hi ocar bonyl , ester, t hi oester, cyano, i mno, 15 al kyl am no,
am noal kyl, sul fhydryl, thioal kyl, and sul fonyl; wherein the
i ndi vi dual ringfermesaaheterdcyclic rimgnseaztinbewtitn the hetebgewc!ic
ring contains 1-4 het er oat on{s) selected fromthe group consisting
of O Np £ fR,Sandhending awibimtdne af tohet icarpoal kybmanmoFegaape 20
optionally oxidized to a correspondi ng N oxi de. Particularly
preferred Ar gralkglioc|alkentlergiain, and whizewedy saddphehlphrocpyniel vl ,
pyrrolidinyl, pyridinyl, pyri m di nyl, purinyl, qui nol i nyl ,
i soqui nolinyl, ring isfapficnabilyphBrsed itni dazoByl ,gwaagolod , cidd.azol yl,
25 pyrazol yl, and thienyl. Anot her preferred enbodi nent is
a conpoundl of cycloaWyds/ 29116
PCT/ US97/ 23526 formula 111: [err] or a
phar maceuti cal | y accéptpiiferrgd embodamends, Ar is a sgloldieotrh&neel,
wher ei n: E, F, and G are independently CHerr], O S, SO
sderr], cyclic ring and includes a mono-, bi- or tricyeclic,
carbo~ or heterocyclic ring, wherein the ring is
either unsubstituted or substituted in one to five
10 position(s) with halo, halocalkyl, hydroxyl, nitro,
trifluoromethyl, C;-C¢ straight or branched chain
alkyl, C,-Cs straight or branched chain alkenyl, C,~Cq
alkoxy, C,-C; alkenyloxy, phenoxy, benzyloxy, amino,
thiocarbonyl, ester, thicester, cyano, imino,
15 alkylamino, aminoalkyl, sulfhydryl, thiocalkyl, and
sulfonyl; wherein the individual ring sizes are 5-8
members; wherein the heterocyclic ring contains 1-4
heteroatom(s) selected from the group consisting of O,
N, or S; wherein aromatic or tertiary alkyl amines are
20 optionally oxidized to a corresponding N-oxide.
Particularly preferred Ar groups include phenyl,
benzyl, naphthyl, pyrrolyl, pyrrolidinyl, pyridinyl,
pyrimidinyl, purinyl, quinolinyl, isoquinolinyl,
furyl, thiophenyl, imidazolyl, oxazolyl, thiazolyl,
25 pyrazolyl, and thienyl.

Another preferred embodiment is a compound of

15



10 NH or. NR[err] wherein at least 2 of E, F, and G are CHerr];

Xis either O or S Yis adirect bond to Z, a (Jerr]-Cerr]
strai ghtworesro1té  branched chain alkyl, or a (err]-( er PCTAIS9%RI5R6 or
branched chai n al kenyl, wherein any of the carbon atons of said 15
al kyl or al kenyl are optionally substituted in one or nor e
positions Wwtheqyr @@ Q0711 hal 0, hal oal kyl, t hi ocar bonyl, ester,

t hi oester, al koxy, al kenoxy, cyano, -nitro, i mno, al kyl am no,
am noal kyl , sul f hydryl, thiodlkyl, sulfonyl, oxygen to forma 20
carbonyl, or wherein any of the carbon atons of said al kyl or

al kenyl are optionally replaced with O NH, NR[err], S, SO, or

S err], wherein Rerr] is selected fromthe group consisting of
hydrogen, (Clerr]-Cerr]) -straight or Qfanched chain al kyl,
(Cerr]-derr]) -strai ght oftCanched
WD 98/ 29116 é S——Y — PCT/ US97/ 23526
chain al kenyl or alkynyl, anty -Cerr]) i dgi ng al kyl

wherein sgid bridging alkyl ferns het erocycli ¢ i ng I starting with
the nitrogen of NR[err] and e ding)yﬁth one of tHe carbon atons of
said al kyl or al kenyl chg®a=S and wherein said heterocyclic ring is
optionally fused to ar Ogr oup; Zis a direct bond,
or a (Jerr]-Cerr] straight o branched chain alkyl, or a
Cerr]-Cerr] straight or braBdhed chai n al kenyl, wherein any of
the carbon atonsrof said 10 al kyl or al kenyl are optionally
substituted i n one ar pharmaceutdicallyposctepnable wigalt, aesner, el o,

hal oal kyl , t hi ocarbonyl, ester, thioester, alkoxy, alkenoxy,
solvate thereof, wherein:

16

E, F, and G are independently CH,, O, S, SO, S0,
10 NH or NR, wherein at least 2 of E, F, and G are CH,; |

X is either O or S;-

Y is a direct bond to 2, a C,-C; straight or
branched chain alkyl, or a C,-C; straight or branched
chain alkenyl, wherein any of the carbon atoms of said

15 alkyl or alkenyl are optionally substituted in one or
more positions with amino, halo, haloalkyl,
thiocarbonyl, ester, thiocester, alkoxy, alkenoxy,
cyano, nitro, imino, alkylamino, aminoalkyl,
sulfhydryl, thicalkyl, sulfonyl, oxygen to form a

20 carbonyl, or wherein any of the carbon atoms of said
alkyl or alkenyl are optionally replaced with O, NH,
NR,, S, S0, or S0,, wherein R, is selected from the
group consisting of hydrogen, (Cl—Cs)—straig:ht or

branched chain alkyl, (C;-C;)-straight or branched

T 16



cyano, nitro, i mno, al kyl am no, am noal kyl , sul f hydryl,

t hi oal kyl , sul fonyl, oxygen to forma 15 carbonyl, or_wherein any of
the car bBQ %B3M8 of said al kyl or al kenyl are opti%‘ﬁ%(pﬁvn?%l aced
with O NH, NR[err], S, SO or SJerr], wherein Rerr] is selected
fromthe group consisting of hydrogen, ((err]-Cerr])-straight
or br anchadn alkenval loy alkygpwr [argl e(€]C.idt baiightingom iyanched
20 chain al kenyl or alkynyl, and (Clerr]-Clerr]) bridging alkyl

wherei n sai d brVegFrein ofadd Tokdming rrdiketlodpnisc a iheferocyclicstrdni ng with
the nitrogen of NRerr] and ending with one of the carbon atons of
sai d al kyl or afk@ryinghwifh the nitragenwer¥Rn anad @nddingr euydl baering i s
optionally fused 25 to an Ar group; C and D are

i ndependent | y: of the carbon atoms of said alkyl orx7alkenyl wbad8/29116

PCT/ US97/ 23526 . . hydrogen, Ar, (Jerr]-Cerr] straight or
branched ehai n and whereip |5aid SetereeyFlEr F N9 ks SiRfticned lyr £nskdd chai n

al kenyl , wherein any of the carbon atons of said al kyl or

al kenyl are opt¥®naR|§r s¥HPiuted in one or nore . 5 position(s) with
Cerr]-Cerr] cycloalkyl, (err]-Cerr] cycloal kenyl, __ hydroxyl,
car bonyl oxygen, or %\r,lﬁlmérefihl@g:d Rendi , or a C,-Gg| @sAighiychoal kyl or
cycl oal kenyl grougs arS . oEtionaIIE substituted with (Jerr]-Cerr]
al kyl, Jerr]-erprfhafkeRgin alkyl, orpgqfyQs siFedghtharobraacbabkyl

t hi ocarbonyl, ester, 0 t hi oester, alkoxy, alkenoxy, cyano, nitro,
i mi no, St aﬁﬁ]‘%‘,ﬂ' Wgﬁ'ifﬁ&& RPY, OF i (9AFRAP atomshpdasryH,
e A e Yo Dy LY BBl Bt s tuted T Yne6r !
more positions with amino, halo, haloalkyl,
thiocarbonyl, ester, thiocester, alkoxy, alkenoxy,
cyano, nitro, imino, alkylamino, aminoalkyl,
sulfhydryl, thicalkyl, sulfonyl, oxygen to form a
15 carbonyl, or wherein any of the carbon atoms of said
alkxyl or alkenyl are optionally replaced with O, NH,
NR., S, SO, or SO0., wherein R, is selected from the
group consisting of hydrogen, (C,-Cq)-straight or
branched chain alkyl, (C,-C;)~-straight or branched
20 .chain alkenyl or alkynyl, and (C,~-C,) bridging alkyl
wherein said bridging alkyl forms a heterocyclic ring
starting with the nitrogen of NR; and ending with one
of the carbon atoms of Said alkyl or alkenyl chain,
and wherein said heterocyclic ring is optionally fused
25 to an Ar group:

C and D are indqpendently:

-
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nore positions with oxygen to forma carbonyl, or 15 wherei n any of

the carbon atons of said al kyl or al kenyl are optionally repl aced

with O WaesMeismrr], S, SO or SO err], wherein Rpomwgsoressael ect ed
fromthe group consi sting of hydrogen, ((err]-Clerr])-straight or
branched chain alkyl, ((err]-Cerr])-straight or branched chain

al kenyl 20 or ahyc;myd(en,anﬂr( Clogrc] - $teaidne bblrdgjgacq{égl K\%ﬁgei n said
bridging alkyl forns a heterocyclic ring starting with € nitrogen

of NRerr] and &bhklyhg wirt IC,00¢ stralghtcabbobranched HLDiITP Qikéﬁ’*fi al kyl or
al kenyl chain, and wherein said heterocyclic ring is optionally
fused to an Ar whempin 2By of the vhwrimim Atoks DT asyldonaligherary!

noi ety which is substituted or unsubstituted,

18 WO 98/2DRéByl are optionally substituted in one or more

PCT/ US97/ 23526 and Rlerr] is selected fromthe
group conSisti mpeitien(s) with C,€Cerejelfarkyl cyrl-aal dytlosd gén IC[err]
straight or branched chain al kyl, Cerr]-Clerr] straigh

branched chai n ydkeonpl, cerBpeyi] exygbn, or(j&er rihété i g&&l@ram@pched
chain alkyl or (Jerr]-Cferr] straight or branched chai n al kenyl
whi ch is substialitenyin ofgcloalkyl or noyelpadkengds wrdupd', =¥d no,

hal o, hal oal kyl , hydroxy, trifluoronethyl, Cerr]-Cerr] straight
or branched optionadflyi gubskitutest ewirt]hr Chefe |alstylai ght-Corabitanehed chain
al kenyl, 10 carbonyl, thiocarbon ester, thioester, alkoxy,

al kenoxy, cyand¥dia%vo, aminfAe, halRyl hﬁi}ftp@lk}ahi noal &gdrbonyl, estewyl f hydryl,
t hi oal kyl , sul fonyl, substituted aIk or al kenyl wherein any of
the carbdh at orfEhistestirs al RYKOXY, kermxsal k@yypnoar enbpto pnainina,epl aced

wth S SO SJerr], O )
alkylamlno, aminoalkyl, sulfhydryl, thioalkyl,

sulfonyl, wherein any of the carbon atoms of said
alkyl or alkenyl are optionally substituted in one or
more pqsitions with oxygen to form a carbonyl, or
15 wherein any of the carbon atoms of said alkyl or
alkenyl are optionally replaced with O, NH, NR., S, SO,
or S0O., wherein R. 1is selected from the group
consisting of hydrogen, (C,~Cy)-straight or branched
chain alkyl, (C;-C¢)-straight or branched chain alkenyl
20 6r alkynyl, and (C,-C,) bridging alkyl wherein said
bridging alkyl forms a heterocyclic ring starting' with
the nitrogen of NR, and ending with one of the carbon
atoms of said alkyl or alkenyl chain, and wherein said
heterocyclic ring is optionally fused to an Ar group:;
25 wherein Ar is an aryl or heterocaryl moiety which

is substituted or uns_ubstituted;

" 18



15 or NRlerr] wherein Rerr] is selected fromthe group consisting

of hydrogen, ((err]-Cerr])-straight or branched chain al kyl,
(C[ err] -\¥PMRPYSst rai ght or branched chain al kenyl ‘or al kyg@/zrmswzsszs an

(Cerr]-Cerr]) bridging al kyl wherein said bridging al kyl forns a
heterocyclic ring starting with the nitrogen 20 of NR[err] and ending
with one of theapdrbon atons of said al kyl or al kenyl chain, and
wherein said heterocyclic ring is optionally fused to an Ar group
or Jerr]-(err] R, is sgbeobedyfrom the group comsimtéher red Ar,

enbodi ments, Ar is a cyclic or fused 25 cyclic ring and includes a
mono-, bi- or tFbTYcl F¥cloalkyl, Galeo- Sfmamtér@(;ycbrcnchag aklzdmei n t he
ring is WO 98/ 29116

PCT/ US97/ 23526 alkyl, Cfé%t$ﬁﬁavm§v5§tbwanébeéerabstalheBMl»nonna:to five
position(s) w th hal o, haloalk dI‘OX}ll , nhitro, trifluoronethyl,
Clerr]-Cérr] staFEﬁ%l6$tb?ﬁn%ﬁéﬂcéﬁgiﬁ ain alkY&IPVIC&f$£qunaq§hU]
straight or branched chain al kenyl -Cerr] 5  alkoxy, C2-C6

al kenyl oxy, pheﬁ6x9rab@h§<§r ‘33(%/1 aﬂ]ﬁﬁPYl Wthh %%l%@?ﬁwed iresingr |

t hi oester, cyano, imn | am no, am noal kyl, sulf hydr yl,

t hi oal kyl, and ©r more sBWbTa’y‘Pnszélt& ri"z‘?'heainhﬁpvl Baap.rihrjoslk,are 5-8
menbers; wherein the hetero C|IC ri ng contains 1-4 10 het er oat on( s)
sel ected from t h¥9g GPHYp &G hyd, Ci-Cs straightsoryhzpanahes omatic
or tertiary al kyI am nes are ﬁ.lt\l onal I oxi di zed to a correspondi ng

N- oxi de. hain %’FY}r'ClEZaFlS yS orak PNRE Ghiei el ksmeiy | |
benzyl, ngphthyl, BYrCelvlenPELioLidlovl, e?&'é{',d' Wicester, alkoxy,

alkenoxy, cyano, nitro, imino, alkylamino, aminocalkyl,

sulfhydryl, thioalkyl, sulfonyl, substituted alkyl or

alkenyl wherein any of the carbon atoms of the alkyl

or alkenyl are optionally replaced with S, SO, S0., O,

15 or NR, wherein R, is selected from the group consisfing

of hydrogen, (C,-C¢)-straight or branched chain alkyl,

(Cy=Cs) ~straight or branched chain alkenyl or alkynyl,

and (C,-C,) bridging alkyl wherein said bridging alkyl

forms a heterocyclic ring starting with the nitrogen

20 .of NR, and ending with one of the carbon atoms of said

| alkyl or alkenyl chain, and wherein said heterocyclic

ring is optionally fused to an Ar group or C,-C,
cycloalkyl.

In preferred embodiments, Ar is a cyclic or fused

25 cyclic ring and includes a mono-, bi- or tricyclic,

carbo- or heterocyclic ring, wherein the ring is

18



15 pyri m dinyl, purinyl, qui nol i nyl, I soqui nol i nyl, furyl,
t hi ophenyl, im dazolyl, oxazolyl, thiazolyl, pyrazolyl, and

t hi enyl .wo 9829116 A further particularly preferred enbpdimsei23sis

this invention is a conpound of forrmula IV: [err] 20

20 WD 98/ 29116

PCT/ US97/ 23526 either ur¥ubdtitaiteRress i sabbyieceedt ahl onwdlto ester, or
sol vate thereof, wherein: nis 1 2 or 3 formng a 5-7 nenber

heterocyclic positibhNg) wikh halo, bAlical&yihernfdmxy, nitro, Y
Is a direct bond to Z, a CJerr]-(Jerr] straight or branched chai n

al kyl, or a C[etrLfEheEbheahyaLghC-QL bsenshgit: or bragldhied aktkgny! ,
wher ei n any of the carbon atons of said al kyl or al kenyl are
optional | y substalkytiedcCi+CcontraightOor brantRed ﬁnsihlanﬁenylwték ~-Cgam no,
hal o, hal oal kyl , t hi ocarbonyl, ester, thioester, alkoxy,
al kenoxy, 5 alkoxgnoxa—CplalkenylmmynOphenatyylhenzploxyanhmmﬁbkyl,
sul fhydryl, thioal kyl, sulfonyl, oxygen to forma carbonyl, or
wherei n any of théocarbonyaionsestesai d tHivestenl kylcyanoal keaplinay e
optionally replaced wwth O NH,
alkylamino, aminoalkyl, sulfhydryl, thiocalkyl, and
sulfonyl; wherein the individual ring sizes are 5-8
members; wherein the heterocyclic ring contains 1-4

10 heteroatom(s) selected from the group consisting of O,

N, or S:; wherein aromatic or tertiary alkyl amines are

optionally oxidized to a corresponding N-oxide.
Particularly preferred Ar groups include phenyl,

beniyl, naphthyl, pyrrolyl, pyrrolidinyl, pyridinyl,

15 pyrimidinyl, purinyl, quinolinyl, isoquinolinyl,
furyl, thiophenyl, imidazolyl, oxazolyl, thiazolyl,
pyrazolyl, and thienyl.

A further particularly preferred embodiment of

this invention is a compound of formula IV:

20 l Iv
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NR[err], S, SO or SJerr], wherein Rerr] is selected fromthe
-group consisting of hydrogen (derr]-derr])-straight _ or
branchedVOWERMI8 Kyl , (Jerr]-Cerr])-straight or branchedCTUS235265;

al kenyl or al kynyl, and (Cerr]-derr]) bridging alkyl 20 wherein said
bri dgi ng al kyl forns a heterocyclic ring starting with the nitrogen
of NR[err] and ®Adidg Ragrageitically éFcﬁﬁéaE&PboﬁabEonﬁeiﬁenmm @ral kyl or
al kenyl chai n, and wherein saijd heterocycllc ring is optionally
f used t 3OLRa ke EF%H%Qf'ZShereln Zis adirect bond, or a

err err] straight, or branched chain al kyl, or a err err
Sgralghf[or Lrancheg is’1, 2 or 3 forming a 5-7 member h?ZPr°;3éllJN31- ]
98/ 29116 PCT/ US97/ 23526
chain al kenyl, %BF&in any of the carbon atons of said al kyl or
al kenyl ﬁge optlonally substltut d |n one or nor e posi tions
Wi th hal oX~ 1Shef bafky?,© t hi ocarbonyl, ester, thioester
al koxy, alkenoxy, nitro m no, al k Ianlno
am noal kyl , sd’lsf h?;d?‘li%ectth.%%ﬁiy@ sim f?mﬂl Cox§EALERE T 8Fm a
car bonyl , bon_ato al kyl or

f
al kenyl are thS%%QEPﬁ r& Fé&eal&?ih ol ﬁHgB<9 S%ralgﬂﬁ[QFfPra§ChSQ or
hyar ogen. | CG eFpT e”lln'rfy 35 vERREn B 68 tne Capoon HiGHR 0B39O
- h . | k I d
(el %iiiﬂaﬁfﬂr e i ot agpatry %u%as’%&%kce% 18 OBRGE for s a
heterocyfblc r'ﬂgref t?PSlt éﬁgtlrWHQRtrIQAE%§"tr ﬂ algR[er&%Hgnd endi ng

wi th one e carbon atons of sai alky

and wherein Salghbg&g£ggﬂ§ilc ééE@EJS éﬁ&deéﬁgﬁy Y, alkenoxy,

cyano, nitro, imino, alkylamino, aminoalkyl,
sulfhydryl, thioalkyl, sulfonyl, oxygen to form a
carbonyl, or wherein any of the carbon atoms of said

15 alkyl or alkenyl are optionally replaced with O, NH,
NR,, S, SO, or S0., wherein R, is selected from the
group consisting of hydrogen, (C,-C;)-straight or
branched chain alkyl, (C,-C;)-straight or branched
chain alkenyl or alkynyl, and (C,~-C,) bridging alkyl

20 'wherein said bi'idging alkyl forms a heterocyclic ring
starting with the nitrogen of NR, and ending with one
of the carbon atoms of said alkyl or alkenyl chain,
and wherein said heterocyclic ring is optionally fused
to an Ar grdup;

25 Z is a direct bond, or a C;-C; straight_ or

branched chain alkyl, or a C;~C; straight or branched

© 21



to an Ar group; C and D are independently:

hydrogen, Ar, (err]-Cerr] straight or branchéd chain 20 al kyl, or

d err]- OV&8298x6r ai ght or branched chain al kenyl, PRESO¥R352ny of

t he carbon atons of said al kyl or al kenyl are optionally
substituted in one or nore position(s) with CJerr]-(err]

cycl oal kyl, ( erchaieakRenyiol odlerespl any of the dayrdooxgkpmsacbosyidoxygen,
or Ar, wherein said al kyl , 25 al kenyl, © cycl oal kyl or cycl oal kenyl
groups are alkyl opt mﬂd:aanyyl SAes tARtioRE Livt Hubﬁéﬂ-t]lteflemn] oaé kgt
Clerr]-Cerr] alkenyl,

98/ 29116 more positions with amino, h@tpusgmaSéaBkyl,
hydroxy, am no, hal o, hal oal kyl, thiocarbonyl, ester, t hi oester,

al koxy, al kenoxythéyﬁﬁébomfi-ro esteRo, thioester) kﬂler) alkemoxpal kyl ,
sul f hydryl, t hi oal kyl sul fonyl, wherein any of the carbon atons
of said B GYRYP’ or E{Lkéﬁyl aﬁ-@lémlonélllkylémbgmtut asinpadkel or

nore positions with oxygen to forma carbon wherei n any of

t he carbon atomsSBi-féaiiHYh& kyghigralkyl, Sub%R’é)ﬁM %g@ﬁtlbﬁalflofmr edl aced
with O NH, NRerr], or SO errl1 wherein R err] is selected
from the group EGrbOnYéonngY‘PﬁﬁebP Fr?b]r BSeFI e FeFepR|2EpBFrPf-seidi ght or
branched chain al kX g‘ %}L strai ht or branched chain

al kenyl st kyLkpRyRLRERYL( é[fér P;@ Yy BEP: @Fﬁ@ WikY 1 Ol ei n sai d
bridgi ng al kyl forns a heteroc C|IC rin startln t he ni trogen
of NR[err] and efBemgSwi R oifF o1z he¥ R se]aﬁ‘iﬁﬁ@ of T BRI kyl or

al kenyl ch and wherein s t erocycl is.optionally
fused to Qa Ar gP 5apP COnSlS{:lng %erbé’cﬁ O%&k=hs ﬁlaﬁ{ rraﬁgg%ro%’fyl

moi ety whi ch branched chain alkyl, (C,-C¢)-straight or branched
chain alkenyl or alkynyl, and (C,-C,) bridging alkyl
wherein sa'ic;l bridging alkyl forms a heterocyclic ring
starting with the nitrogen of NR, and ending with cne
15 of the carbon atoms of said alkyl or alkenyl chain,
and wherein said heterocyclic ring is optionally fused
to an Ar group:;

C and D are independently:'
hydrogen, Ar, C,-C¢ straight or branched chain
20 | alkyl, or C,-C¢ straight or branched chain alkenyl,
wherein any of the carbon atoms of said alkyl or
alkenyl are optionally substituted in one or more
position(s) with C,-C; cycloalkyl, Cs~C,; cycloalkenyl,
hydroxyl, carbonyl oxygen, or Ar, wherein said alkyl,
25 alkenyl, cycloalkyl or <cycloalkenyl groups are

optionally substituted with C,-C alkyl, C.-C. alkenyl,

22



I S substituted or unsubstituted, and 20 Rlerr] is

sel ected_fromthe group consisting of Ar, C_:[err]-Cgerﬁrn]S cycl oal kyl )
C[err]-C[“é(??ﬁ’zgémai ght or branched chain al kyl, £ H ?ﬁ
straight or branched chain alkenyl, or Cerr]- Cerr] straight or

branched chain alkyl or err]-Clerr]_ strai ght _ or branched chain

al kenyl which i S¥siRes®i ¢ a¢ROy nhahe, baloalkyl, nbhéogashenphs estér Ar,
am no, hal o, hal oal kyl, hydroxy, trifluoromnethyl, err]-Cerr
straight or bra ster, alkox;),/ aﬁ:/enoxy, cyano, %itgg, iI!liI%,V\D]

98/ 29116 . . PCT/ US97/ 23526
chain al kyl, O &M@ st iR bfYdr ancHebE Rl al kebioalkyl,

b |, thi |, t hi t Kk : | k : :
i tron i i no. RN RR D, HAFRBRIATY Of The SAnagpr gEomehigal sgdd
sul fonyl, substit t'id al kﬂ( or 5 al ke ¥I wherein any of the carbon
atoms of the al Bfikyl or alkgpvl REﬁpr’é?‘gnég YoRruPFiitebedckd oRe 1Ps, SO
SJerr], O or NRLerr]l wherein err] is_selected fromthe group
consi sting m°r%fpﬂ§§{:688%, “(’%[tbr?’]‘y Iér%:]:’) Q5 ghiCagPomYAncRE chai n
Sionyl, 10 HEREAy BRY] 95 oFPP) ST nBCaRRyIo tHer i n Y 1Y dgi
al kynyl , -Je n y n gi ng
al kyl far. het er ocyclic, f.in tart,ing.wfh e nitrogen
of NR[err] and é-‘r%‘gégglwaf"ﬁ %%%l%)rfalt#% ‘%é’ Sﬁdavg% {’)‘f @gi 3&2' S7 S04) kyl or
al kenyl chain, d rei I .d_heterogycl | ring i,s optionally
fused to an Ar %%ou%r’ gr%?fqﬁ etrRF] E%S sgle%&%?oa?ﬁ . the “group
pr ef erred ~enbodi f:Sur s | Sea ¢ or fused_ . cyclic ri nd
includesqg nDnoFgﬂ%{s%ﬁx%r?%y%&#g%bgn' (E1<i9 straight ' ’or branc%’ecii

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

In

or alkynyl, and (C;-C,) bridging alkyl wherein said
bridging alkyl forms a heterocyclic ring starting with
the nitrogen of NR, and ending with one of the carbon
15 atoms of said alkyl or alkenyl chain, and wherein said
heterocyclic ring is optionally fused to an Ar group:;
wherein Ar is an aryl or heteroaryl moiety which
is substituted or unsubstiltuted;
and
20 ' R, is selected from the group consisting of Ar,
C,-C; cycloalkyl, C,-C, straight or branched chain
alkyl, C,-C; straight or branched chain alkenyl, or C,-
C, straight or branched chain alkyl or C,-Cs straight
or branched chain alkenyl which is substituted in one
25 or more positions with Ar, amino, halo, haloalkyl,

hydroxy, trifluorome_thyl, C,~C, straight or branched

23



carbo- or heterocyclic ring, wherein the ring is ei t her
unsubstituted or substituted in one to five 20 position(s) wth halo,
hal oal kyWwpo sskegdirsoxyl , nitro, trifluoromethyl, C erdQrysanisfe

strai ght or branched chain alkyl, C(err]-Cerr] straight or
branched chain alkenyl, Cferr]-Clerr] al koxy, Cerr]-Cerr]

al kenyl oxy, phen@sy, ab&ezyl€X aal-agght or braﬂ&m%@%}ﬁ ter,
t hi oester, cyano, i m no, al kyl ani no am noa y? sul'f hydryl ,

thioal kyl, an&arbonyl, Stth&e&wrbo\vw ei Bsthe, i nghybdepgly) | S are 5-8
24 WO 98/ 29116 Us97/ 23526

menbers; wher eidl Kehoxhet EYOSY LR Ltd, ngnﬁ@at,aamﬁyiaﬂmo, ammckﬁt]@_xiloat on(s)
sel ected from the group consisting of O or S; wherel'n aromatic

or tertlary al gyl fugidegs, atRiocalkyl, @@lf@dﬂ@ilyswstdi&ﬂ?ecioaﬁﬁowresmndl ng
N- oxi de. Particularly preferred Ar groups include phenyl,

benzyl , rSapht hyl Lkl adidreipy rangt icl rjHe dBoh MHoms of the RMMKyYT di nyI
purinyl, qui nol i nyl , i soqui nol i nyl, furyl, thiophenyl,

i m dazol yl, oxa:z:olay_lkanyml azalcygbtlonally replaaad wllthaﬂd 5bi esy),. 0,10
Parti cul arIy preferred conpounds of the present i nvention are
sel ected from toreNB; odleredns Rgtingalfected from the group consisting

3- (4- Met hoxyphenyl ) pr opyl (2S)-1-
(phenyl sul f onylo)- Aypgypgehj diCieCar bsthabghhe ¢¥)branched chain alkyl,
(4- Met hoxyphenyl ) pr opyl (25)-1- 15 (benzyl sul fonyl)
-2-pyrrolidi ned&sbof) ristardght59r branched chain 3aXMervet hox ygiigmydl),pr opy!
(2S)-1-[(4- met hyl phenyl ) sul fonyl] -2-pyrrolidinecarbothioate
(6); 10 and (C2;Q) nethgyphenyl kel wher¢28)sdid Kriidging @idwl )
forms a heterocyclic ring starting with the nitrogen
of NR, and ending with one of the carbon atoms of said
alkyl or alkenyl chain, and wherein said heterocyclic
ring is optionally fused to an Ar group or C,-C,
15 cycloalkyl.

In preferred embodiments, Ar is a cyclic or fused
cyclic ring and includes a mono-, bi- or tricyclic,
carbo- or heterocyclic ring, wherein the ring is
either unsubstituted or substituted in one to five

20 position(s) with halo, haloalkyl, hydroxyl, nitro,
trifluoromethyl, C,-C; straight or branched chain
alkyl, C.-C, straight or branched chain alkenyl, C,-Cq
alkoxy, C,~-C; alkenyloxy, phenoxy, benzyloxy, aminc,
thiocarbonyl, ester, thioester,' cyano, imino,

25 alkylamino, aminocalkyl, sulfhydryl, thioalkyl, and

sulfonyl; wherein the individual ring sizes are 5-8

24



sul fonyl ] -2-pyrrolidinecarbothioate (21); 20 3- Phenyl pr opyl
(2S)-1- enyl sul fonyl) -2- pyrrolldlnecarbothloate

3- Phenyl i}&bﬁ’ﬁ/ (2S) -1- (benzylsulfonyl) -2-° Exfusshissas
pyrrolidi necarbot hi oate (23); 3- (1-Napht hyl)propyl (2S) -1-
(benzyl sul fonyl) -2- 25 pyrrolidi necarbothi oate (24);

3- Phenyl propyl megpers; [wherathytphehgrprogyréagl ring contains 1-4

25 WD 98/ 29116 PCT/ US97/ 23526
2-pyrrol i di necahgberPraser (ghsgelected from thezgraupreppsiphtmy|9Hrapy!
1-[(4- nmet hy Ighen I)sulfonyl] 2- pi peridi necar bot hi oate (26);

3- (4- Met hoxyphely| PEr spyrheleincasinakiiq Gy tpriiarysalkyl amines are

pi peri di necar bot hi gate (27) 3- (4- Met hoxyphenyl ) propyl

1- (phenylsulfon?PFl?nal y °qu%ﬁ&9w§9|ﬁe@@FE@ﬁﬁPBéﬂég(BBPdee-

3-[4- (Trifluoroneth phen %Eropé .

net hyl phedyl ) sul f onyl arflﬁPéé iR Egﬁﬁﬁ?ﬂiﬁét%r?995 ingpude phenylgnd a
pharnaceutlcall accept abl alt, ester, or solvate, hydrate, or a
m xture thereof (eﬁt}ﬁ?ﬂer 9493‘ sh 1, pyrp%ﬁle\f?t'hé%)é’ér?]rﬁ’ébﬁe' hunber s:
See al so Tabl e The resent I nvention
further relatespﬂﬁ¥¥¥ﬁ§ﬂﬁli gpr nyif SHIALiRyla  heRweiReLlingdi vity
in an aninmal,

ad t to th
ani mal a neur ot F§F¥ilral F]S‘zlgg)henyf eﬁ'f“éé‘???éyénmﬂﬁazglmlaeewgﬁﬂ?ﬂlbs

formula I, I, gbgazolyl, 224 'thienyl.

10 Particularly preferred compounds of the present
invention are selected from the group consisting of:
3-(4-Methoxyphenyl)propyl (28)-1-

(phenylsulfonyl)-2-pyrrolidinecarbothiocate (4);

3-(4-Methoxyphenyl)propyl (28)-1-
15 (benzylsulfonyl)-2-pyrrolidinecarbothioate (5);
3-(4-Methoxyphenyl)propyl (28)-1-[(4-

methylphenyl) sulfonyl]-2-pyrrolidinecarbothiocate (6);
(2,2-methylphenyl)ethyl (2S)-1-[(4-ethylphenyl)
sulfonyl]-Z-éyrrolidinecarbothioate (21);
20 . 3-Phenylpropyl (ZS)-1-(phenylsulfonyl)~2~
pyrrolidinecarbothiocate (22};
3-Phenylpropyl (28)-1-(benzylsulfonyl)-2-
pyrrolidinecarbothiocate (23);
3-(1-Naphthyl)propyl (2S)-1-(benzylsulfonyl)-2-
25 pyrrolidinecarbothiocate (24);

3-Phenylpropyl (2S)-1-((4-ethylphenyl)sulfonyl]-

25



20 The present invention further relates to the use of any

of the conpounds of Fornula I, II, IIll, IV or in Table | below in

t he prepWOed828ti6of a nedi canment for the tréatnent PEA/EBIFRIBGSe such
as peri pheral neur opat hy caused by physical injury or disease
state, 25 physi cal damage to the brain, physical damage to the

spi nal cord, sung&eroaia@ﬁeawsoﬁhwat@raw) ; danmage,

26 MD 98/ 29116 PCT/U897/23526
Al zheinmer's  Diseass,- ( 4RPamli D@y p hld 89aSEp r odg 1 - anypLrophic

| at eral sclerosis. The present invention al so contenplates
processes meth{ObhemyiLf Al foriyig e iperdld inemaewadnioddet ijgeharly 5

t he processes delineated in Schenes A, B, C, and D.
DETAI LED DESCRI PTI ON3&K4Fitet holizbHeONL ) propyl 1-(benzylsulfonyl)-2-

Definitions "Al kyl" nmeans a branched or unbranched saturated
10 hydsocar bphpelrddineocapboshigatedé2¥pgnat ed nunber of car bon
atons. For exanple, Cerr]-Cerr] straight or branched al kyl

hydr ocar bon chai n codtditndethoépybheaybpprapelhs,l- (phenylsaldongt)udes but is
not limted to substituents such as nmethyl, ethyl, propyl,

i so-propyl, butpliperidinedsdrbothivgte (28)Y;butyl, n-pentyl, n-hexyl, and
the liKke, unl ess ot herwi se i ndicat ed. "AIkenyI" nmeans
a branched or uanadéhddrlfluoromathymn@hamyiﬂpxnpybon chai(n4-
conprising a designated nunber of carbon atons. For exanple,

Clerr]-derr] smeshyghphenyl)Z0ilfonklarfcipbic e iidémelcampdtbdarlien (2BaE n
contains 2 to 6

10 and a pharmaceutically acceptable salt, ester, or
solvate, hydrate, or a mixture thereof (numbers in
parentheses indicate compound numbers; See also Table
I and Examples).

The present invention further relates to a method

15 of effecting a neuronal activity in an animal,
conmprising:

administering to the animal a neurotrophically
effective amount of the compound of formula I, II, III
or IV.

20 | The present invention further relates to the use
of any of the compounds of Formula I, II, III, IV or
in Table I below in the preparation of a medicament
for the treatment of a disease such as peripheral
neuropathy caused by physical injury or disease state,

25 physical damage to the brain, physical damage to the

spinal cord, stroke associated with brain damage,

26



carbon atons having at | east one double bond, and I ncl udes but is
not limted to substituents such as et henyl , prop
i so- pr op¥@A829846t enyl , i so-butenyl, tert-butenyl, ?E’HH%W@H%G
n- hexenyl, and the like, 25 unl ess ot herwi se i ndi cat ed.
"Al koxy" means -the group -OR wherein R is alKkyl
27 WO 98/ H&imer's  Disease, Parkinson's DiseasePCT/ 497/ 23526
as herein defined. Preferably, Ris a branched or unbr anched
sat ur at ed hydr ocaryiraghdian ledremE niswlelrdsis. 6 carbon atons.
"Ar" means an aryl or heteroaryl noiety which is 5 substituted or
unsubstituted, especi®id prasent| iovention also fasedmplptesCproédgsesnd
i ncludes a nono-, bi- or tricyclic, carbo- or heterocyclic ring,
wherein the for manmgfasteriher theswmstelt tampoindsbspatuiedlanipne to
five position(s) with halo, haloal kyl, hydroxyl, 10 nitro,
trifluororfethyl ,theC[pmrades@es delsinesitga ior Swhemmsed, B, C, aedabn al kyl,
Cerr]-Cerr] straight or branched chain al kenyl, Cerr]-Cerr]
al koxy, (err]-Cferr] alkenyloxy, phenoxy, benzyloxy, am no,
t hi ocar bonyl, ester, thloester cyano, I m no, al kyl am no,
am noal kyl , sulfhydryl - SRIPTIG g ANVENTEONr ei n t he
i ndi vidual ring sizes are 5- 8 menber s; mhereln t he heterocyclic
ring contains 1-4 het er oat onbefiggéltéoned from the group consisting
of O N, or S; wherein aromatic or tertiary al kyl amnes are
optional ly oxidized t"®lxyddr meapendi bgahchsider uRBranchlar shcutardy
preferred aryl or heteroaryl noieties

10 hydrocarbon chain comprising a designated number of

carbon atoms. For example, C,-C; straight or branched
alkyl hydrocarbon chain contains 1 to 6 carbon atoms,
and includes but is not limited to substituents such
as methyl, ethyl, propyl, iso-propyl, butyl, iso-

15 butyl, tert-butyl, n-pentyl, n-hexyl, and the 1like,
unless 6therwise indicated.

“Alkenyl” means a branched or unbranched
unsaturated hydrocarbon chain comprising a designated
number of carbon atoms. For example, C,-C; straight or

20 branched alkenyl hydrocarbon chain contains 2 to 6
carbon atoms having at least one double bond, and
includes but is not limited to substituents such as
ethenyl, propenyl, iso-propenyl, butenyl, iso-butenyl,
tert-butenyl, n-pentenyl, n-hexenyl, and the iike,

25 unless otherwise indicated.

~"Alkoxy" means -the group —-OR wherein R is alkyl
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include but are not I|imted to phenyl, benzyl, napht hyl ,

pyrrolyl, pyrrolidinyl, pyridinyl, pyri m di nyl, purinyl,

qui nol i nyb,es8291180qui nol i nyl , furyl, thiophenyl, i RCHAISHIIE526
oxazolyl, thiazolyl, 25 pyrazol yl, and thienyl. "Hal 0"
means at | east one fluoro, chloro, brono,

28 WO 98/291%@rein defined. Preferably, R i b {%@ 7123526
or iodo noiety, unless otherw se indicated. ¥ s e rﬁ%’eﬁél i ncl udes

al | possible i sgaBFiccHERMturated hydfSeh SHS cHaRb eBathYnRHOBUPSti tut ed
or multi-substi- tuted with substituents selected fromthe group

5 consi sting c82fporMi#ems. hal o, hal oal kyl, hydr oxy, .
trifluoronmethyl, Clerr]-Cerr] straight or branched chain al kyl ,

C2-C6 straight or bremghegehaidh ald@nylr hetercarylCabRegy! whidih ogar bonyl,
ester, thioester, alkoxy, al kenoxy, cyano, nitro;, imno,

al kyl anmi ng, am g@BkkytutedOor unsub&byehivéd, Ebpocikyly asebépiylor NRlerr]
wherein Rerr] is sel ected fromthe group consisting of hydrogen

(derr]- fuker r¢ycisid aighig oanllr apsbeddshaidl ada¥-, bi- or
(err]-Cerr])-straight or branched chain al kenyl or al kynyl, and

(err]-Cerr] )tricyci].icbr l:dgbpg- @lrkyieﬁmc@?dli%aiﬂrﬁ,i Gghexe 3l kihe fOrns a
15 het erocyclic ring starting with the nitrogen of NR[err] and
endi ng wi th onerbigtie eishean wiswistdftuteddoal kubseituted in ehkegy! chain,
and wherein said heterocyclic ring is optionally fused to an Ar
group. five Tpesiteron [9hamiadeuthadal,| y hatcepkghl e EadtoxyR0
ester, or solvate" refers to salt, ester, or solvates of the
subj ect TOnmpourmstmwbi chtpdSlswsondaihydesi €etCs straight or branched
chain alkyl, C,-C; straight or branched chain alkenyl,
C,~-Cs¢ alkoxy, C,-C; alkenyloxy, phenoxy, benzyloxy,
amino, thiocarbonyl, ester, thiocester, cyano, imino,
alkylamino, aminoalkyl, sulfhydryl, thioalkyl, and

15 sulfonyl; wherein the individual ring sizes are 5-8
members; wherein the heterocyclic ring contains 1-4
heteroatom(s) selected from the group consisting of O,

N, or S; wherein aromatic of tertiary alkyl amines are
optionally oxidized to a corresponding N-oxide.

20 Particularly preferred aryl or hetercaryl moieties
include but are not limited to phenyl, benzyl,
naphthyl, pyrrolyl, pyrrolidinyl, pyridinyl,
pvrimidinyl, purinyl, quinolinyl, isoquinolinyl,
furyl, thiophenyl, imidazolyl, oxazolyl, thiazolyl,

25 pyrazolyl, and thienyl.

"Halo" means at least one fluoro, chloro, bromo,

E
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pharmacol ogi cal activity and which are neither bi ol ogical ly

nor ot herw se undesirable. The salt, ester, or solvates can be
formed WYOPS286gani ¢ aci ds 25 such as acetate, aBr pRBY/23526

al gi nat e, aspartat e, benzoate, benzenesul fonate,  bisulfate,
butyrat e, 29 WD 98/ 29116

PCT/ US97/ 23526 ©F iodo m@i’-?lté(teunleséaﬁﬁhgrm-ée indicatedanphor sul f onat e,
cycl opent anepr opi onat e | uconat e, dodecyl sul f ate,

et hanesul f onat e, fuma QFBY gl efnodtk, Pgﬁﬁébhatésomenc phenyl

gl ycer ophosphat e n})sul fat e, heptanoate, hexanoate, 5 hydr ochl ori de
hydr obr oni de, af BRbF o PRfetonalby monosubs ki fitss €t bk 4 st tei - :

| act at e, L g at get hanesul f onat e, napht hyl at e,
2-napht hal enesufFP&fgt eWwith sSubshityephst eSebGrede, LEOMf dthe tdhcagyanat e,

tosyl ate and _undecanoat e. Base _salt ester or solvates 10
i ncl ude anmoni ufPRIESEING| K QT r?é‘Faﬂo'sal palguchhadoalkyl, duminonyand

pot assi um sal ts al :ial ine gg rTEt salts such as cal ci um and
magnesi um sal t s® 5 BO&PRf lyé;anl ~Ce strapghis eucrPranched cldteixy| anine

salts, N-nethyl - amne, and salts with am no acids such as
15 ar gi ni ne, Pf{y%'rnecfcandsgﬁa?'gPFh or MpLanchedie gisin alkenyl,

ni trogen-cont ai nin groups_can b qgaiternl zed with such agents as
| ower al kyl hal 'F‘?i’é@" 8 ERIQEFFRPDY este’érc hyRiGRsHRA, addasvyl
chloride, brom i des. dial k sul fates |ike dinmethyl,
diethyl, 20 gf’g?'g?f?%ﬂ i é‘rhq}F O yHRAPRs Xiw'n amdinagdkyduch

as decyl olaury yl chlarides br om_des and
i odi des, r al ky uﬁ?ﬁrg%y{ i K& oear%z?{l !Lgony NR, wherein R, 1s

selected from the group consisting of hydrogen, (Cy-

C¢) -straight or branched chain alkyl, (C3~C¢) =straight

or branched chain alkenyl or alkynyl, and (C,~-C,)

bridging alkyl wherein said bridging alkyl forms a

15 heterocyclic ring starting with the nitrogen of NR,; and

ending with one of the carbon atoms of said alkyl or

alkenyl chain, and wherein said heterocyclic ring is
optionally fused to an Ar group.

The term "pharmaceutically acceptable salt,

20 éster, or solvate" refers to salt, ester, or solvates

of the subject compounds which possess the desired

pharmacological activity énd which are neither

biologically nor otherwise undesirable. The salt,

ester, or solvates can be formed with inorganic acids

25 such as acetate, édipate, alginate, aspartate,

benzoate, benzenesulfonate, bisulfate, butyrate,
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phenet hyl brom des and others. Water or oil-soluble or dispersible .
products are thereby obtained. 25 The conpounds of this invention
may poss 39829116 | east one asynmetric center ‘and t huRCTESIAR3526r oduced
30 WD 98/ 29116 PCT/ US97/ 23526
as mxtures of stereoisoners or as individual enanti omers or
di astereoners. citrlee,indivecamphorate, stercampdiersulsfohe t@btai ned
by using an optically active starting nmaterial, by resolving a
racemc or 5 cygimpemrerepropiionates dfgluspnadtd erdedéayEsubtat$0ne
appropriate stage of the synthesis, or by resolution of the
conpound of for miranesulfbnate, ufideastttnd gliveoheptanoaté hegluehng thjal
stereoi soners as well as m xtures (racem c and non-racem c) of

st er eoi soners argyaegophospbate, phepddubfatbe beppanodité hehgeasmte,

I nvention. The S- stereoi sonmer at atom1 of fornula I is nost
preferred 5 hydnachlonide gr edrydrodprdnidsy,. hydroiodidéd,l songs" are
di fferent conpounds that have the same nol ecul ar formula and

i ncl udes cyclic hydreryetianesyldrratei so) i ndakcsadied ot hemailearmy,i ¢ forns
of cyclic noi eti es. " St ereoi soners” are isomers that
differ only in methanespjéopaye: earhtditlathce 2rnanjthalensepakionate,
"Enantioners" are a pair of stereoisoners that 20 are

non- super i nposatticahinade i ne¥rk2 e, cgohfatper thiocyanate, tosylate

"Di ast ereoi soners"” are stereoi soners which are. not mrror inmges of
each ot her. and undecapgaéfi-c ni B3R e"SHdans eFLRIEXt UPE cTIkEETHENg

10 include ammonium salts, alkali metal salts such as
sodium and potassium salts, alkaline earth metal salts
such as calcium and magnesium salts, salt with organic
bases such as dicyclohexylamine salts, N-methyl-D-
glucamine, and salts with amino acids such as

15 arginine, 1lysine, and so forth. Also, the basic
nitrogen-containing groups can be quarternized with
such agents as lower alkyl halides, such as methyl,
ethyl, propyl, and butyl chloride, bromides and
iodides; dialkyl sulfates 1like dimethyl, diethyl,

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

25 The compounds of this inventicn may possess at

least one asymmetric center and thus can be produced
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equal parts of individual enantionmers. "Non-racemc 25 m xture" is a

m xture 9ﬂ9§£%ﬁi§g unequal parts of I ndi vi dual enaggtﬁggﬁgﬁ%i
6

st er eoi soners. 31

PCT/ US97/ 23526 : The term "preventing neurodegeneration” as
used herein _ includes t he ability to prevent

neur odegener at i o&Si nTPFHERSs R ySERERMDITILES Oor  as hdvidigiaual

neur odegenerative di sease, or at risk of 5 devel oping a new
degenerative diSR3REIOBAES §F diasterpelersing f uFlfer individual

neur odegeneration_in gatients who are already suffering fromor
have synptons ofSgereoLlsomers, may. be,qbkained|jkeaueing an opticallyhe term

"treatnment" as useg.here'n overs %%. ag treat nent of a disease and/or
condition in an 3nthef, SFar-1nd Eﬁﬁ GGiar Y aFPRNERRGNY FASRBEesOr

(i) preventing a disease and/ ot gonditi%n gro occurring in a

subj ect whtch nay° Be" preftspotaitost nd n nhnﬁﬁ§@§§éa5ﬁd/éﬁ cSAMet i on

but has not yet been dia%- 1§ nQs g as haginq it; (i)

i nhibiting the d2R53R 4RGP 0P égﬁdP%ig & synthesls, or by ggspaytiesn
devel opnent; or I i0.) crelieving the_ disease and/or condition,
i e. (F:)ausi ng r&Yf 8 ocr?m(?foﬁeogi) §8§§8§3n&?br cbndis unsigrstood; ghat

e e e DA ORI el g e PSR g "
(racemic and non-racemic) of stereoisomers are encom-
10 passed by the scope of the present invention. The S-
stereoisomer at atom 1 of formula I is most preferred
due to its greater activity.
"Isomers" are different compounds that have the
same molecular formula and includes cyclic isomers
15 such as (iso)indole and other isomeric forms of cyclic
moieties.
"Stereoisomers” are isomers .that differ only in
the way the atoms are arranged in space.
"Enantiomersf are a pair of stereoisomers that
20 are non-superimposable nirror images of each other.
"Diastereoisomers” are stereocisomers which are
not mirror images of each other.
"Racemic mixture" means a mixture containing
equal parts of individual enantiomers. "Non-racemic

25 mixture” is a mixture containing unequal parts of

individual enantiomers or stereoisomers.
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A conpound of the present invention, especially 25 Formula 1V, wherein
nis 1l Xis Q Yis (CHerr])[err], Zis CH C |scg|wbthoxyphenyl
Dis H aW® 9828t%6] i s Phenyl, is fUS97/2353%
WO 98/ 29116 PCT/ US97/ 23526
named 3- (4- Met hoxyphenyl ) propyl (2S5)-1-
(phenyl sul f onyl ) - 2- pyeoltiedin e'pareyenitiingt meurodegeneration” as usedonpounds
of the Invention The neurotrophic | ow nol ecul ar wei ght, smal
5 nol ecul e FKBReimhi bi ioeludapouridthef thalsilitventi dro prevehdve an
affinity for FKBP-type imunophilins, such as FKBP12. When the
neur ot rophi ¢ comsvwedegepkrahion in pathembsi orewle hbiavhdsedan agKBP-type
i munophi l'in, they have been found to inhibit the prolyl-peptidyl
ci s- 10 t h@VLNds oRe ngrogdedenerptige rdiisarsse, artiat tyisk bife
bi nding protein and unexpectedly stinmulate neurite gr owt h.
Speci fic éxenpl idevedioPdng of2 t Hee cAtgemerative diseasareapdesdoted in
TABLE |, bel ow. .

preventing further neurodegeneration in patients who

are already suffering from or have symptoms of a

neurodegenerative disease.

. The term "treatment"” as used herein covers any

10 treatment of a disease and/or condition in an animal,

particularly a human, and includes:

(i) preventing a disease and/or condition from
occurring in a subject which may be predisposed to the
disease and/or condition but has not yet been diag-

15 nosed as having it:

(ii) inhibiting the disease and/or condition,
i.e., arresting its development; or

(iii) relieving the disease and/or condition,
i.e., causing regression of the disease and/or condi-

20 tion.

The system used in naming the compounds of the
present invention'is shown below, using a compound of
formula IV as an example.

A compound of the present invention, especially

25 Formula IV, wherein n is 1, X is O, Y is (CH,),, 2 is

CH, C is p-Methoxyphenyl, D is H and R, is Phenyl, is

32
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33 WD 98/ 29116

PCT/ US97/ 23526 [err]
WO 98/29116 : PCT/US97/23526
named 3-(4-Methoxyphenyl)propyl (28) -1~

10

(phenylsulfonyl)-2-pyrrolidinecarbothioate.

Compounds of the Invention

The neurotrophic low molecular weight, small
molecule FKBP inhibitor compounds of this invention
have an affinity for FKBP-type immunophilins, such as
FKBP12. When the neurotrophic compounds of this
invention are bound to an FKBP-type immunophilin, they
héve been found to inhibit the prolyl-peptidyl cis-
trans isomerase activity, or rotamase, activity of the
binding protein and unexpéctedly stimulate neurite
growth.

Specific exemplifications of these embodiments

are presented in TABLE I, below.
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35 WD 98/ 29116 PCT/ US97/ 23526
The conpounds of the present invention may exi st as st ereoi soneric
formns, ei t her enanti oners or di ast er éoi sonmers. | ncl uded

Wi t hi n t NEO 8%386 of t he invention are the enanti oRETASITRIS2¢ aceni c
form and 5 di astereoi soneric m xtures. Enantioners and di astere-

oi soners can be separated by nethods known to those skilled in the
art .’ ~Met hods of Using the Conpounds of the Invention

4-Ethylphenyl
a-Methylphenyl
a-Methylphenyl
4-Ethylphenyl
4-Methylphenyl
a~Methylphenyl
Phenyl
4-Methylphenyl

Phenyl

phenyl

wxyphenyl
wxyphenyl
wxyphenyl

1

Phenyl
Phenyl
Hapht hyl
Pheny

)
)
)
)
)
}
)
0
Q

™
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24
25
26
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10 The conpounds of the present invention have an affinity

for the FK506 binding protein, particularly FKBP12, which is
present WO®91m€ur onal ti ssue. \Wen t he i nventi vePcowpsneises bi nd
to FKBP in neuronal tissue, they exhibit excellent neurotrophic
activity. 15 This activity is useful in the stinulation of damaged

neurons, the pronothencipdiBidiOR? thedgresahio - revention of
neur odegener ati on, and tﬁg t r eat ment o? %E@hh Pngégg%% %%%r?#ﬁﬁﬁ(ﬁﬂ

di sorders known dekeb ot it €d forms, WeliRper netérn%?ﬁ:lio degenerati on
For e F6F

and peripheral 20 neur opat hi es. &goi IF
reasons, the preRe¥tdf8eiNom¥rs. Inclhdedhgirhhatfs R.3.MNqq of
ef fecting a neuronal activity in an aninmal, conpri |n§:

adm ni stering tddventiondre t1I0aIr SRAPPIbREEd Y tHd racerid ey e [punt of
a conpound of formula I, I, III or |IV. !

36 B0 98/ kB ereoisomeric mixtures. Enantiomers and id %%423526
S

In a preferred enbodi nent, the neuronal activity iIs el ected from

the group consi stiiswgneds sddrimbat sepadhted by meth8dgr Q%@n()ftodq:rﬁ%%%d
neurons, pronotion of neuronal regeneration, prevention o

neur odegener at i akidiekd im thet meat.ment of a neurol ogi cal disorder

The conpounds of the present invention are particularly useful for
preventi ng neurodegeneration in patients suffering froma

neur odegener ati ve di sease or, who have synptons of a

neur odegener ati ve M ge. of 10singThRe CONPOUNES of\l €he A rsrbntishf Ul for

preventing
10 The compounds of the present invention have an

affinity for the FKS06 binding protein, particularly
FKBP12, which is present in the neuronal tissue. When
the inventive compounds bind to FKBP in neuronal
tissue, they exhibit excellent neurotrophic activity.
15 This activity is useful in the stimulation of damaged
neurons, the promotion of neuronal regeneration, the
prevention of neurodegeneration, and the treatment of
several neurological disorders known to be associated
_with neuronal degeneration and peripheral
20 neuropathies. |
For the foregoing reasons, the present invention
further relates to a method of effecting a neuronal
activity in an animal, comprising:
administering to the animal a neurotrophically
25 effective amount of a compound of formula I, II, III

or IV. -
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neur odegeneration in patients newy diagnosed as havi ng a

neur odegener ati ve di sease or at risk for devel oping a

neur odeg®¥R2P8INME  di sease. These cofpounds PEAEISAT/23s26 s ef ul
for, but not limted to, 15 preventi ng neurodegeneration in patients
suffering from Par ki nson' s di sease or having synptons of

Par ki nson' s di seade. a piéfserdd eatboehimerst, hads avetironal act@¥amRl iikkied in
t he MPTP npdel and data descri bed i herein. 20 The
neurol ogi cal désbedbed fromt thaygboupt ceaséedting of sitnauudeibut o#r e not
limted to: trigem nal neural gia; gl ossopharyngeal neural gi a;

Bel |'s Pal sy, rystgeawth of damagedvineuromsscpiramotdypat bdEphenroagyot r ophi c
| at er al sclerosis; progressive nuscul ar atrophy; progressive 25
bul bar i nherit etegemexdbiont r aqprgvemeion atall;, maytadegstnerationor apdol apsed
I nvertebrate di sk syndrones; cervical 37
WO 98/ 29196 treatment of a neurological disorddCT/ US97/ 23526
spondyl osi s; pl exus di sorders; thoracic out | et destruction
syndrones; periphBhal comPop@dsi c @fichthe presentt hotaveausen bwrkead,
dapsone, ticks, porphyria, or Quillain-Barre syndrone; Alzheinmer's
di sease; and BRrtigplaghsopsefylséasepreventing nemgodesenemdsioh t he
present invention are particularly useful for treating a
neurol ogi cal  in patignfs geffssingt £5omrdmetrodpasneresivesdisgast:

peri pheral neureopathy caused by physical injury or 10 di sease state,
physi cal damage®® ov"RPchBFai AYMBRYEScQE 2 neurodggeagsatévendispiasal cord,

stroke associated with
10 The compounds are also wuseful for preventing

neurodegeneration in patients newly diagnosed as
having a neurodegenerative disease or at risk for
developing a neurodegenerative disease. These
compounds aré also useful for, but not limited to,

15 preventing neurodegeneration in patients suffering
from Parkinson's disease or having symptoms of
Parkinson's disease. These treatment methods are
exemplified in the MPTP model and data described
herein. | |

20 . The neurological disorders that may be treated
include but are not limited to: trigeminal neuralgia;
glossopharyngeal neuralgia; Bell's Palsy; myasthenia
gravis; muscular dystrophy; amyotrophic lateral
sclerosis; progressive muscular atrophy; progressive

25 bulbar inherited muscular atrophy; herniated; ruptured

or prolapsed invertebrate disk syndromes; cervical
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brai n damage, and neurol ogi cal disorder relating to

neur odegener ati on. Exanpl es of neurol ogi cal disorders relating to
neur odegdyRP8291dM are Al zheiner's D sease, 15 Par ki nsoRrCEUSYIR3sS®mASE, |
and anyot r ophi c | at er al scl erosi s. Phar maceuti cal
Conmposi tions of the Invention The present invention also relates

to a pharmaceut ispondylosiszal paeRasi tidiserders si NGhord@ic outidt @
neurotrophically effective amunt of the- conmpound of
formula I, 11, Iddstomudtipnasgndromes; pefiipheralphenresetlii€aghon agsept abl e
carrier. The above discussion relating to the utility and

admi ni stration dfhade canpadindyg dkathe dapsoart, titks, pomiidid) &4 SO

appl i es to the pharmaceuti cal conpositions of the present

i nventi on. Guillain-Barré syndrome; AlzB8imer's WL 98429116Gang

PCT/ US97/ 23526 The term "pharmaceutically acceptable carrier" as
used herein ref &arkinson/ scairsesrse.di | uent, exci pi ent, suspendi ng
agent, | ubri cating agent, adjuvant, vehicle, delivery system
enmul sifier, disint®yeancomposnds alesfor beime¢, prpsesér vdinvemtion swfact ant,
col orant, flavorant, or sweetener. For these purposes the
conpounds of thegrtdgandarly usefvenidnn tegetbinaidm nisteretbaicdl v,
parenteral ly, by i nhal ati on spray, topically, rectally,

nasal ly, 10  dhfaedey, sed@at®d y feonyi ghen orplant ednstseingi rofn
dosage fornul ations, containing conventional non-toxic

phar maceut i cal | PGFIRERY enedrepaily gausedntly aphysical injury or

10 disease state, physical damage to the brain, physical
damage to the spinal cord, stroke associated with
brain damage, and neurological disorder relating to
neurodegeneration. Examples of neurological disorders
relating to neurodegeneration are Alzheimer's Disease,

15 Parkinson's Disease, and amyotrophic lateral
sclerosis.

Pharmaceutical Compositions of the Invention
The present invention also relates to a pharmaceuti-
cal composition comprising:

20 (i) a neurotrophically effective amount of the

compound of formula I, II, III or IV, and
(ii) a pharmaceufically acceptable carrier.
The above discussion relating to the utility and
administration of the compounds of the present
25 invention also applies to the pharmaceutical

compositions of the present invention.
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vehicl es. The term parenteral as used herein includes subcut aneous,
i ntravenous, i ntramuscul ar, -15 intraperitoneally, intrathecally,
i nt raventWPo8RPy intrasternal and intracrani al |iRQCEUSS7023528"

i nfusion t echni ques. For oral admnistration, the
conmpounds of the present invention may be provided in any suitable
20 dosage forRhlendvern n"pharaateutifallexaopkeetablBe carrier” as
conpositions nay be incorporated into tablets, powder s,

granul es, beads,ughdwadtein ovefryes tacapyukesrier, diludnifuiditsifiGROUS
suspensi ons or solutions, or simlar dosage forns, wusing
conventional eqg$#pRrendingnd aggnt, tebmiicqdangknoagent, t headdvantlabl et
dosage forns are preferred. Tabl ets nay contain carriers such as
39 WO 98/p8higle, delivery system, emulsifier, disiREHISHY,23526
| act ose and corn starch, and/or lubricating agents such as

magnesi um 8t ear adlesorb@ppsul epresprystien surfadafianient s doledrnaditng

| act ose and dried corn starch. Agqueous suspensi ons may contain
emul si fyi ng and fl&vorangspendsvigehgeears combined with the active

i ngredient. VWhen preparing dosage formincorporating the

conposi ti ons of thEoFnVEMS®nPULrResesSdsorppualdso of the preskhnended
W th conventional excipients such as bi nders, including gelatin,
pregel atini zed stRYRHELgmdayide admipistreed| aprlbuntparenieraddy, by

hydr ogenat ed veget abl e . oil, stearic acid, and the |ike; diluents,
such as IR b3BIORENFEERY andt REFDLLY, di sRPAEagLint s hasadA vas

10 buccally, vaginally or wvia an implanted reservoir in
dosage formulations containing conventional‘non—toxic
pharmaceutically-acceptable carriers, adjuvants and
vehicles. The term parenteral as used_herein includes
subcutaneous, intravenous, intramuscular,

15 intraperitoneally, intrathecally, intraventricularly,
intrasternal and intracranial injection or infusion
techniques.

For oral administration, the compounds of the
present invention may be provided in any suitable

20 | dosage form known in the art. For example, the
compositions may be incorporated into tablets,
powders, granules, beads, chewéble lozenges, capsules,
liquids, aqueous suspensions or solutions, or similar
dosage forms, ' using conventional equipment and

25 techniques known in the art. Tablet dosage forms are

preferred. Tablets may contain carriers such as
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car boxynet hyl cel | ul ose and sodi um starch gl ycol at e; suspendi ng
agents, such as povidone, polyvinyl 15 al cohol, and the like;

absor banWw® 98/29utsh as silicon di oxi de; preservati VisSIUSEnesze as
met hyl par aben, propyl paraben, and sodi um benzoate; surfactants,
such as sodium |l auryl sulfate, polysorbate 80, and the

like; colorants 1sitafosas imd. &o€n desran)d balies: 12 ricaltidyor il and

sweet eners. Conposi tions and net hods of the invention” also may

utilize controlswesh r gbeagRmdsacnokegyrate. ThUSapsiDés may co le, the
I nventive conpounds may be incorporated into a hydroﬁho I C pol yner

matrix for contddllwhts25inclug@irgs@acttiie anf@eldribdf cHRUS starcpiCh
controlled rel ease filns are well known to the art. Particularly

40 WO 98/2hkblas suspensions may contain emulsifi%agLﬁﬁi{23526
preferred are transdermal delivery systens. O her exanpl es of

pol ynmers comonisypspeptopgdadentd htanbined witfUER@S&ctivd TWyrdpidssed in the
present invention i ncl ude nondegr adabl e et hyl ene-vinyl acetate

copol yrner 5 arerdegp eeladt Eng actibsagei d£oleycolinca@ictadaApe Y s
whi ch may be used externally or internally. Certain hydr ogel s such
as pol y(hydr oxyeompbsithans yb fit ehe oinvention, phe/ (sdnpd@ddhedy Alsko may be
useful, but for shorter rel ease cycles then the other polyner
rel eases 10 bsysbdepdeduchish t hoseenthdhahedemdbipybents such ako0 be
effective therapeutically as central nervous systemtargets, the
conpounds of théipdesent ineledingrgelatin, pshgelatimbzid ystpendt,r aimel t he
bl ood- brai n barrier when :
10 the like; lubricants, such as hydrogenated vegetable
oil, stearic acid, and the like; diluents, such as
lactoée, mannose, and sucrose; disintegrants, such as
carboxymethylcellulose and sodium starch glycolate;
suspending agents, such as povidone, polyvinyl
15 alcohol, and the like; absorbants, such as silicon
dioxide; preservatives, such as methylparaben,
propylparaben, and sodium benzoate; surfactants, such
as sodium lauryl sulfate, polysorbate 80, and the
like; colorants such as F.D.& C. dyes and Llakes:
20 flavorants; and sweeteners.

Compositions and methods of the invention also may
utilize controlled release technology. Thus, for
example, the inventive compounds may be incorporated
into a hydrophobic polymer matrix for controlled

25 release over a period of days. Such controlled

release films are well known to the art. Particularly
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peri pheral |y adm ni st ered. Compounds whi ch cannot 15 penetrate the
bl ood-brain barrier can be effectively adm ni stered by an

i ntraventWo 882916 r out e or ot her appropriate’ del iROIVYSIT2382¢St em
sui tabl e for adm nistration to the brain. The
conpounds of the present invention may be 20 adm nistered in the

form of sterilprefareredahire transdepigpadaliioesy fHfsterypl eogs Sterile
i nj ectabl e aqueous or ol eagi nous suspensi ons. These suspensi ons

- may be fornul at eskampbesi ngf t g d et §)uesormealy | rerigloyed for akhidsi Ng
sui tabl e di spersing or wetting agents and 25 suspendi ng agents.

The sterile pufpeseablthat may ber epsedit iansthmypaksenbe isiveniti®n

i nj ectabl e sol utions 41 WO

08/ 29116 include nondegradable ethylene-PHyLIFH AR Gopolymer OF
suspensi ons in non-toxic parenterally-acceptable di luents or

sol vents, Jor exampl degasdablet ilartim acid-glydoBidubetddicapol yiverrg t he
accept abl e vehicles and solvents that nay be enpl oyed are water,
Ringer's 5 whol clt i bayahe asedorixtesodillym ol dnitedenadllyt.i oCertalin
addition, sterile, fixed oils are conventionally enpl oyed as

sol vents or suspgerdifegehedsusd. drpohydhydroxyethyipeskacapyabenndxf i xed
oil may be enpl oyed i ncl udi ng synt heti c nono- or di-glycerides.
Fatty acids suclPky (Vijylalgsiobiod ) asilgoandyive wieghul,i deitddoiry ahioreey

I ncl udi ng ‘olive oil and castor oil, especially in their

pol yoxyet hyl at edPel@38¢ ongycledr eth@sef the pifherhepolymer pmedpasasi on of

i njectabl es. These oil solutions or
10 systems, such as those mentioned above.

To be effective therapeutically as central nervous
system targets, the compounds of the present invention
should readily penetrate the blood-brain barrier when
peripherally administered. Compounds which cannot

15 penetrate the blood-brain barrier can be effectively
administered by an intraventricular route or other
appropriate delivery system suitable for
administration to the brain. |

The compounds of the present invention mayv be

20 administered in the form of sterile injectable
preparations, for example, as sterile injectable
agueous or oleaginous suspensions. These suspensions
may be formulated according to techniques known in the
art using suitable dispersing or wetting agents and

25 suspending agents. The sterile injectable

preparations may also be sterile injectable solutions

41



suspensi ons may al so contain | ong-chain al cohol 15 di luents or

di spersants. The conpounds of this invention nay al so be

adm ni st av@edsrseéal |y in the form of suppositories.- ' PCTOES23526
conpositions can be prepared by m xing the drug with a suitable
non-irritating excipient which is 20 solid at room tenperature, but
liquid at rectgl iLapeyat -apgd; ~ther r il nmelt in the
rectumto r(§%§f§§51%he e%?uggﬁ eg%ﬁ%he%ﬁ%égﬁgﬁgwkiﬁEFEEEab%%coa

butter, beeswax apg,pat¥ethy!ene,HyEol o e ounds of this
i nvention may al so be 35 eukﬁéﬁstbre%rtggfgg%Fy,E%Eﬁ%% 1Pt t he

condi ti ons a or t [ Lea . aor gans
¢ NS os) 231 if}ﬁ&ﬁﬁﬁé&ﬁoi. ki d®Rhe! MEIEE 1182 &K L ¥ B,

readi |y accessi bsg19¥ntapPitdalc aRRY Gl | &1 e udi-ag [ ol 9gi cal
di sorders of the eye, the skin, o# t he Sfip Lo | ower Y%ﬁ%%gti%g§8?$a%t.

Sui tabl e tgpical sépPratlbAt bARS isotonic %@ﬂﬂ&ﬁ“ﬂﬂDﬁ%ﬁ?ﬁxHé¥héﬁﬁlFac of

t hese areas. 5 For topical application to e eye, or ophthalmc
use, the conpounggaceioRs foremd Bl ed fikdd C'ANIsZ€dre conv ﬁgf@ggf%fns_ln
i sotonic, pH adjusted sterile saline, ~or, preferab?y, as sot utions
in isotonic, pH afpLsy&d as solventiseldd %u%%bh@ﬂngehkagﬁm%ithFQf.ﬂﬁ dout a
preservative 10 such as benzyl al konium chlori"de. ~ Alternatively for
the ophthal mc usespéde, conpPelads Fadedcof DmEY Hetdmbloyed incl@@iQd Nt ment
such as petrol atum For topical application to the skin, tThe
conpounds dysetie i onoH areditglgcstidabl e FaitRyMBAL 4§ 08t &h N9

10 oleic acid and its glyceride derivatives, including

olive o0il and castor oil, especially in their
polyoxyethylated versions, " are useful in the
preparation of injectables. These oil solutions or
suspensions may also contain long-chain alcochol
15 diluents or dispersants.

The compounds of this invention may also be
admini;tered rectally in the form of suppositories.
These compositions can be prepared by mixing the drug
. with a suitable non-irritating excipient which is
20 solid at room temperature, but liquid at rectal
teﬁperature and, thefefore, will melt in the rectum to
release thé drug. Such materials include cocoa

butter, beeswax and polyethylene glycols.
The compounds of this invention may also be
25 administered topically, especially when the conditions

addressed for treatment involve areas or organs
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15 t he conpound suspended or dissolved in, for exanple, a

m xture with one or nore of the followi ng: mneral oil, liquid
pet r ol at Wi 98@1x6e petrol atum propyl ene gl ytol , poPgBXERUISLENE
pol yoxypr opyl ene conpound, enmul sifying wax and water.
Alternatively, the 20 conpounds can be fornulated in a suitable

| otion or reagiidgmacmetssimleg hetamtcale appPDEaIti Shis PEREBE O g

di ssolved in, for exanple, a mxture of one or nore of t he

fol | owi ng: m nepgluregillogicedbidimomimmstelr bhe, eye, the pMipsordaten$0,
cetyl esters wax, cetearyl alcohol, 2- 25 oct yl dodecanol , benzyl

al cohol and wat dewer intestingbpiradt.apSuicabilentbpicabefbomeratidgsti nal
tract 43 WD 98/ 29116

PCT/ US97/ 23526 are readidy bsephiredt ddri maghr eft #heseppasakory fornul ation
(see above) or in a suitable enema fornul ation. Dosage | evel s on
t he order Sof aboutfay 1terjiqal aptication te0tb@0 ewp,ofort heplpchd Meic

i ngredi ent conpound are useful 5 in the treatnment of the above
conditions, w BFe, the cempeunpfsddagvdtes Ebrmbdeted. Bspmiarahiozdd 1, 000
nyg. The anount of active ingredient that may be conbined

W th the carri eFUFREBSLANS £E FSOFede Ry Fth@gdjurieiesterile sdlima,wil |
vary dependi ng upon the host treated and the 10 parti cul ar node of
adm ni stration. 9, preferably; sagnielutiens heowesetonihatph sppritfdd dose
| evel for any particular patient will depend upon a variety of
factors includi A§eFheeatdtiney oither with or wikhedt ca coresemchEms oyed,

t he age, ,hody wei ght, 15 eneral] health, sex, diet, tinme of
adninist} tion,SUCh as benzylalkonium chloride. Alternatively for

the ophthalmic uses the compounds may be formulated in
an ointment such as petrolatum.
For topical application to the skin, the compounds
can be formulated in a suitable ointment containing
15 the compound suspended or dissolved in, for example,
a mixture with one or more of the following: mineral
0il, liquid petrolatum, white petrolatum, propylene
glycol, polyoxyethylene polyoxypropylene compound,
emulsifying wax and water. Alternatively, the
20 'compounds can be formulated in a suitable lotion or
cream containing the active compound suspended or
dissolved in, for example, a mixture of one or more of
the following: mineral o¢il, sorbitan monostearate,
polysorbate 60, cetyl esters wax, cetearvl alcohol, 2-
25 octyldodecanol, benzyl alcohol and water.

Topical application for the lower intestinal tract
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rate of excretion, drug conbination, and the severity of the
particul ar di sease being treated and form of adm ni stration.

The conpWihei29tn be administered with other 20 - neur otr@CpUsTRasENt S
such as neurotrophic growh factor (NGF), glial derived growth
factor, brain derived grow h factor, ciliary neurotrophic factor,

and neurgy r ppi RfFectha dasage devqll Cguﬁc!ﬁrtdi?é'r@ém iqn

drugs will depend upon the factors previously stated an

neurotrophi ¢ ef f£4d iaRRARYS or0fin t@uidale enema Q@@HETQEEQ%
44 WO 98/ 29116 [ US97/ 23526

The present inventDedage!lived st ont BReUsedet aBYaBbut 0.1 mgldle ﬁ%@counds
seen in Table | in the preparation of a medi canent” for the

treatment of a diGgEaemguell BRe active PRirddienal caﬂﬁé&ﬁ@tam’eqﬁéégﬁﬁ by
physi cal injury or 5 di sease state, physical damage to the brain,

physical 5 irdarage torelatmesyyi nalf cehd, shooke SSS@LtAded Wil
brain danage, Al zhei ner' s D sease, Parkinson's D sease, and

amyot rophi ¢ | at grd feuntet dbdsels of abolbeoplemgnitol RERHE Q) WSg,
contenpl ates processes 10 for manufacturing the novel conpounds,
particularly The amdimiprof esstesvelelnqesdiasht nciechen®s v aftthiBned
Met hods of Making the Conpounds of the Invention The novel
conmpounds of thiwthndet cenriey beteeadisyto producerpsimsl dcxagedar d
techni ques of organic chemstry, 15 utilizing the general synthetic
pat hway depict g@rm will vaeyodependirde sponbétebiio St hereatAed eyl ithean no
aci ds
10 particular mode of administration.
It is understood, however, that a specific dose
level for any particular patient will depend upon a
variety of factors including the activity of the
specific compound employed, the age, body weight,
15 general health, sex, diet, time of administration,
rate of excretion, drug combination, and the severity
of the particular disease being treated and form of
administration.
The compounds can be administered 'with other
20 neurotrophic agents such as neurotrophic growth factor
(NGF), glial derived growth factor, brain derived
growth factor, «ciliary neurotrophic factor, and
neuro'tropin—3. The dosage level of other neurotrophic
drugs will depend upon the factors previously stated

25 and the neurotrophic effectiveness of the drug

combination.
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1 protected by suitable bl ocki ng groups P on the am no acid

nitrogen_ma
After
reacted with

5 in good to excellent yield.
The present invention relates to the use oBCahyS®z/ 23526

WO 98/ 29116
[err]
5
10
15
20

SCHEME A
the compounds seen in Table I in the preparation of a

medicament for the treatment of a disease such as
peripheral neuropathy caused by physical injury or
disease state, physical damage to the brain, physical
damage to the spinal cord, stroke associated with
brain damage, Alzheimer's Disease, Parkinson's
Disease, and amyotrophic lateral sclerosis.

,The present invention also contemplates processes
for manufacturing the novel compounds, particularly
the processes delineated in schemes A and B.

thods of Making t Co unds of the Invention

The novel compounds of this invention may be readily
prepared by standard techniques of organic chemistry,
utilizing the general synthetic pathway depicted
below. As described by3§cheme A, cyclic amino acids
1l protected by suitable blocking groups P on the amino
acid nitrogen may be reacted with thiols RSH to
generate thioesters 2. After removal of the
brotecting group, the free amine 3 may be reacted with
various sulfonyl chlorides 4 to provide final products

5 in good to excellent yield.

" 45

be reacted with thiols RSH to .gener at | ers 2.
U645 the 20 protecting group, the free lgcrrykgﬂ@g%y be

various sulfonyl chlorides 4 to provide final products
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46 WD 98/ 29116 PCT/ US97/ 23526 [err] .

SCHEME B Thiols R-SH may be conveniently prepared from
t he WO 9sg91r6espondi ng readi |l y avail abl e al cohol's or hatQGEiEs97/23526
['(CHZ)n (CH2)a
OH R'SH; ( S——R Deprotect

N I Coupling N I -_—

] Method

p O P

1
2
(lll
O-——S—-O
CHz)n (CHz)n
R1 q
S—R
)\r E&N, CHzCla l)\“/
O=—S8 0o .
N
o)
3 R1
5
SCHEME A
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via a two step repl acenent of hal ogen by sul fur, as 5 described in
Schene B. Halides nmay be reacted with t hi ourea, and the

corr espot® A¥2MAKy| t hi our oni um salts hydrol yzed t ®CIYEBIrAas26 hi ol s
RSH. I f al cohols are used as the starting materials, they may be
first converted to the correspondi ng halides by standard 10

nmet hods. Addi tional protecting groups ang m nor variations are
contenplated as within the scope of the present invention and woul d
be known to a person of ordinary skill{lin the art. In
addition to the nmethods of making the conpou 15 above, generalized
met hods and processes for PR ng q@g&ﬁp gnds of the present

i nvention contenprat@Has—L_» p_ — s
98/ 29116 CBr4/Ph3P PCH .7/2352&i wi t hin the
scope of the present invention are Qggapllfled by the foll ow ng
Schenes C & D, wherein the conmpound of the |eft side of the equation
may be contacted with the cong@gnd of the right side of the 5
equation producing the novel in&GHEME Bnpounds of t he present
invention. [err]

Thiols R-SH may be conveniently prepared from the
corresponding readily available alcohols or halides
via a two step replacement of halogen by sulfur, as

S described in Scheme B. Halides may be reacted with
thiourea, and  the corresponding alkyl thiouronium
salts hydrolyzed to provide thiols RSH. 1If alcohols
are used as the starting materials, they may be first
converted to the corresponding halides by standard

10 " methods. ~ Additional protecting groups and minor
variations are contemplated as within the scope of the
present invention and would be known to a person of
ordinary skill in the art.

In'addition to the methods of making the compounds

15 above, generalized methods and processes for making

the compounds of the present invention contemplated as
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SCHEME C 48 WO

98/ 29116 PCT/ US97/ 23526

Anot her Wh¥/M16zed preferred Schene for preparing - t PET/USE3526
conmpounds of the present invention is exenplified by SCHEME D, bel ow.
[err] SCHEME D

within the scope of the -present invention are
exemplified by the fbllowing Schemes C & D, wherein
the compound of the left side of the equation may be
contacted with the compound of the right side of the
5 equation producing the novel inventive compounds of

the present invention.

X
T COOH
O==S=—=

+  HS—R
7o
R]
ch 'n
—R
— Y
O
R1
SCHEME C
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5 49 WD 98/ 29116
PCT/ US97/ 23526 ' Exanpl es The

fol | ow nweeosammiees are illustrative of the present pciyesyrheeand
are not intended to be limta- tions thereon. Unl ess ot herw se

specified, all 5 per cent ages are based on 100% by wei ght of the final
conmpound. Another generalized pr@ﬁ@e@i ]Sc{heé’rﬁé for pL:'LeOparing

the novel compounds of the present invention is

exemplified by SCHEME D, below.

(2 . o

PIJ + O=— ==Q
H X | R]
(CH)n
( S—R
)
R1
SCHEME D
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Synt hesis of 3- (4- Met hoxyphenyl ) pr opyl (2S)-1-

(phenyl sul fonyl ) -2-pyrrolidi necarbothioate(4) 15

3-(4- Met | )-1-propyl brom de To a solution

3-(4-net @%@%I ) - 1- pr opanol (16.6 g; 0.1 nol) i nPgélgsgr'{_mg?s
toluene, cooled to O[err]C, 20 was added dropwi se 26 nL of phosphorus
tribrom de (0.27 nol). Follomﬁng conpletion of the addition the
reaction was stirred at roomtenperat =] hour, t hen refl uxed
for an additional Bgur. The reaction was cool ed and poured onto
ice, the layers w& 5gllowing, eXaPlesid alfe LduAtcaphiee odished with

saturat ed sodi um,bi car bonat e %gx) and brine (3x). The crude
material obtai nRG®8FBH dPYPRGLSRd 28¢agdfatiosn isftenged to be limita- :
50 WO 98 PCT/ US97/ 23526

é29116 _ .

sol vent was HPBat BRFERRRd,  Wrig$Hg OWheFWise pospecified,Et @Ad/ hexane,
to obtaig 14 g 1@% of g-g4- .

nethoxyphenyl)-R-BFS g?g dnfhg basedgon 100% by weight of the final
3-(4-thhoxyphengl - 1- propyl mer capt an A m xture of
3-(4-nethoxypheﬁyT%gﬂggropylbronide (14 g; 61 mml) and thiourea
(5.1 g; 67 mmol) in ethanol (150 m.) was refluxed for 48 hours.
Evaporati on of t he sol vent provided a clear glassy conmpound, which
10 was dissolved in 50 nmL of water_and freated with 100 mL of
40% aqueous sodi um hydr oxi de. Aftergﬁqmgi%gf the resulting m xture
for two hours, the product was extracted into ether (3x), and the
conbi ned organic extracts were washed wi th sodi um bi carbonat e and

' S\/\D -
O é*o
9]

Synthesis of 3- (4-Methoxyphenyl) propyl (25)-1-
(phenylsulfonyl)~-2-pyrrolidinecarbothioate (4)

10

15
3-(4-Methoxvphenvl)-l-vropvlbromide

To a solution of 3-(4-methoxyphenyl)-l-propanol

(16.6 g; 0.1 mol) in 250 mL of toluene, cooled to 0°c,

20 was added dropwise.26 mL of phosphorus tribromide
(0.27 mol). Following completion of the.addition the
reaction was stirred at room temperature for 1 hour,

then refluxed for an additional hour. The reaction

was cooled and poured onto ice, the layers were

25 separated, and the organic phase washed with saturated
sodium bicarbonate (3x) and brine (3x). The crude
naterial obtained uan dryving and evaporation of the

-
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15 brine, dried, and concentrated. Chr omat ogr aphi ¢

purification of the crude thiol on a silica gel colum eluting with
2% ei t hggolggdggane delivered 10.2 g of . PCT/US97/23526

3- (4- met hoxyphenyl ) - 1- propyl nmer capt an as a clear liquid [err]H
NVR (300 WHzZ, CDCl[err]):[err] 1.34 (t, 1H); 1.88- 20 192(m2H);

2.49-2.53 2 4-2 .3 0-6. 84
(m2H; 7. g)g] 7@&}‘% 6c2 wds (@nx%fﬁaté%ga{%%,t ho)?ylp%elﬁﬂ w1.t§ 10%

N-(tert-butyl | i dj b A
m f(t ﬁ; e ) y OW@H{%{)[R yl yoxycarc%\ql)#) ! g?ec%r O &%)r ol P e( 27 4,' 9.29
nmol ) ; 3- E4 %%WWJ)) —ll-propylbx%nﬁpé’é mer capt an (1.86 g; 10. 22

mol ), WD 98/ 29116

PCT/ US97/ 23526 di et hyl am nopr opyl ) - 3- et hyI car bodi i m de

hydrochl ori de (1. 96 g, 10. 22 mmol ) and 4- di met hyl am nopyri di ne
(catal ytig) / - - stirred

over ni ght. on m xtare wa th et hyl ene chl oride

(50 ni) and watera 3hitd) of 3- é4—me@ﬂgx%€ﬁe%gi'?rﬁ&gﬁ§{xﬁ%?%a el

or gani ¢ phase was wth wa rie

B?ggﬁcs:!t u21$ a tﬁl ck OH [eﬁ?H%OOkmt 8CDE?3§nQFe'§r]%11%1 ! ’}fg’ (s,

oH); 1.84-2.31 2 > ;
375 (s,3H); 6. 43 d(ﬁd'ﬂ By whd LBt jg fked? £o3 (48 1-?&4%1;3 EvapotatichMo )

3- (4\thhoxyph%ﬁﬂ)sé&iﬁﬁf9$fgbﬂ§§&rQQHQéE?Ehﬂé%sy compound, which

10 was dissolved in 50 mL of water and treated with 100
mL of 40% aqueous sodium hydroxide. After stirring
the resulting mixture for two hours, the product was
extracted into ether (3x), and the combined organic
extracts were washed with sodium bicarbonate and

15 brine, dried, and concentrated. Chromatographic
purification of the crude thiol on a silica gel column
eluting with 2% either in hexane delivered 10.2 g of
3- (4-methoxyphenyl) -l-propylmercaptan as a clear
liquid 'H NMR (300 MHZ, CDC1;):8 1.34 (t, 1H); 1.88-

20 1.92 (m,2H); 2.49-2.53 (m,2H); 2.64-2.69 (m, 2H); 3.77

(s, 3H); 6.80-6.84 (m,2H): 7.06-7.24 (m, 2H} .

3= - 1 - -~ 3 1) =2~
idji thi
25
A mixture of N- {tert-butylyoxycarbonyl)-(S)-

proline(2.0g; 9.29 mmol); 3- (4-methoxyphenyl) -1-
propylmercaptan (1.86 g’ 10.22 mmel), 1-(3-

-
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A solution of 3- (4- met hoxyphenyl) N(tert-

but yl yoxycar bonyl ) - 2- pyrroli di necar bot hioate (3.0 g; 8.94 mol)
in  methylefsehl oride (60 ni) and trifl uoroageiigsedeisde (6 n)
was stirred at room 20 tenperature for three hours. Sat ur at ed

pot assi um carbonate was added until the pH was basic, and the

: Kt h Th
Conti ned_or gani e ARERCRFEe ;-sﬂshgyi84}%00&1%({%9;!96&@5%819319%' a1.73

0 er ! Ter ER G039 RE mmo? ‘Ut I EA RS,

3.01 (m 2H); %%clai]eytlc) (.Lﬁ 3@37 ?ﬁe%%gff‘eyé) ck@lgr}lcﬁ@ 2(|5|)0 n?l’ﬁ%%; m 2H) .

52 WO 98 97/ 23526

3-(4-thhoxyph§ﬂ¥#g ?p3$efgf%b& (p?ﬁQyEaHkE?BX'Alﬁtursfwas diluted

pyrrolidi necarbo

ol ) “Lﬁ?’xyph%ﬂ isciniznr, SHEPEGR, JRPORLY el aret 3288 THhw) O0
t hyl hl tedq

g?lsgpsggylefhy am ne 6%§8rgLLefem§§ﬁn5%%%gng s |rreganlc phasSvg?ﬁlght at

room t enper at urge, J;%frég?ft*£Ebpq¥£u£e1065m%)' Was |E@ggegaéﬁufgnnve_th

solids and applie y to i Ca ge col um

25% et hyl acet as.txﬁme, and cBﬁé@a%rat:Qdobé@:\g&éég%%U ObsCHY™ gf'”f-h% (Tabl e

) as a clear oil, [err]H NVR (300 err]) [err 65-1. 89
6H); 2.61 H 87 1 H, 342 1H);
gm54FD oS p(:foduc% as el Zh%k oa?l H(NMﬁ (§05(12%21 215) 5501 6?8”16_ '7‘%

(d, 2H, 338 7); 7(506(9@1) 2|1J 84 2 31 (m,GP), 2.61 (m,2H); 2.83 (m, 2H);
3.51 (m, 2H); 3.75 (s,3H): 6.79 (d,2H, J=8.04); 7.05

(m, 2H) .

3-{4-Methoxvoh =Z2-pvrrolidi io

15
A solution of 3-{4-methoxyphenyl) N- (tert-

butylyoxycarbonyl)-2-pyrrolidinecarbothiocate (3.0 g;
8.94 mmol) in methylene chloride (60 nL) and
trifluorocacetic acid (6 mL) was stirred at room
20 temperature for three hours. Saturated potassium
carbonate was added until the pH was basic, and the
reaction mixture was extracted with methylene chloride
(3Xx). The combined organic extracts were dried and
concentrated to vield 1.73 g(69%) of the free amine as
25 a thick oil, *H NMR (300 MHZ, CDCl,):3 1.80—2.23.(m,
6H); 2.62 (m,2H); 2.81 (m, 2H); 3.01 (m, 2H); 3.75

(s,3H); 3.89(m,1H); 6.81 (m,2H); 7.06 (m,2H).
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J=8.6); 7.49-7.59 (m3H); 7.86 (dd, 2H, J = 1.5,6.8). Thin Layer
Chr omat ogr aphy yielded a result of R err] = 0.36 (25%
Et OAc: Hexsmngs291120 25 PCT/US97/23526

WD 98/ 29116
Exanple 2 [err]

of

2.30 mol)

in

room

3-(4- Mot horyphemy s

PCT/U897/23526
Synt hesis of

t enper at ure. Purification as

10

15

20

25

benzenesulfonyl chloride (358 mg; 2.03 mmol) in
methylene chloride (5 mL) was treated with
diisopropylethylamine (290 mg; 2.23 mmol) and stirred
overnight at room temperature. The reaction mixture
w?s filtered to remove solids and appliéd directly to

a silica gel column, eluting with 25% ethyl'acetate in

hexane, to obtain 540 mg of compoﬁnd 4 (Table I) s

m

a clear oil, *H NMR (300 MHZ, CDC1l,):8 1.65-1.89
(m,6H); 2.61 (t, 2H, J=7.3); 2.87 (t,2H,J=7.6);
3.26(m, 1H); 3.54 (m, 1H) ; 3.76 (s, 3H) ; 4.34
(dd,1H,J=2.7,8.6); 6.79 (d,2H,J=8.7); 7.06(d, 2H,
J=8.6); 7.49-7.59 (m,3H); 7.86 (dd, 2H, J = 1.5,6.8).
Thin Layer Chromatography yielded a result of R, = 0.36

(25% EtOAc:Hexane) .

"pyrrolldlnecarbothloate (645 ny;
and A bennyligi fonybs chl 0514 -md 1449 0, _mmol )
nmet hyl ene chlori de (5 nb) was qtr(Ia“ated xy%?fﬁ”ﬁﬁg 2

di i sopr opgl et hybg#irae 1 (338 cABboRn33a¥eD! )(51d Sids T esl. 3
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descri bed for Exanple 1 provided the conpound of Exanpl e 2 (Conpound

5 Table |) as a clear oil, [err]H NWR (300 M1z, cCDd[err]):
[err] 1.98-2.06 (m 6H); 2.77 15 (t,2H,J=7.3); 3.02
(t,2H, J=WOPB291 4> (m 1H); 3.45 (m2H); 3.91 PETAMYT23526
4.42-4.76 (m 3H); 6. 95 (d,2H,J=8.6); 7.21 (d,2H,J=8.6); 7.51
(m3H); 7.61- 7. 64 (m 2H). Thin Layer Chromatography vyiel ded
a result of Rlerr] = 0.36 (258s&Enike . Bexane). 20
54 WO 98/ 29116 - PCT/ US97/ 23526
Exanple 3 [err] 5 Synt hesi s of 3-(33 t hoxyphenyl ) propyl
(29)-1-[(4- met hyl phe sul fonyl]-2-p rdi neear bot hi oate (6)
A sol ution of 3- (4- Mef hoxygphenyl ) -2
pyrrolidi necarbot hi oate (567 72 - 10
met hyl phenyl ) sul fonyl chl ori@gL (424 mg; 2.23 mol) in met hyl ene
chloride (5 nL) was stirred oxerpi ght at room tenperature.
Purification as described f[for
Synthesis of 3-(4-Methoxvohenvl)poropvl (281 -1~
{benzvlsulfonyl)-2-pyrrolidinecarbothioate (5)
5 ¢
A solution of 3-(4-Methoxyphenyl)-2-
pyrrelidinecarbothiocate (645 mg; 2.30 mmol) and
benzylsulfonyl chloride (440 mg; 2.30 mmol) in
methylene chloride {5 mi) was treated with
10 diisopropylethylamine (330 mg; 2.53 mmol) and stirred
overnight at room temperature. Purification as
described for Example 1 provided the compound of
Example 2 (Compound 5, Table I) as a clear oil, 'H NMR
(300 MHZ, CDC1l,): 3 1.98-2.06 {m, 6H) ; 2.77
15 (t,2H,J=7.3); 3.02 (t,2H,J=7.3); 3.42 (m,1H); 3.45
“(m, 2H) ; 3.91 (s,3H); 4.42-4.76 (m, 3H) ; 6.95
(d,2H,J=8.6); 7.21 (d4,2H,J=8.6); 7.51 (m,3H); 7.61-
7.64 (m,2H). Thin Layer Chromatography yielded a
result of R = 0.36 (25% EtOAc:Hexane).
20
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Exanpl e 1 provided the conpound of Exanple 3 (Conmpound 6, Table 1)

as a clear oil, [err]H NVR (300 MHZ, CDCl[err]) : [err] 15 1.67-1.94
(m6H); 2. 40 2.61 (t,2H,J=7.3); 2.84 .(m2H,3=7.2); 3.22
(m1H): ?"%E'%%‘ 3.76 (s, 3H): 4.32  (dd, 1H, PCIOs®e3s26
6.79 (d, 2H, J= 5); 7.07(d, 2H,J=6.5); 7.29 (d, 2H,J=6.5);
7.74(d, 2H, J=6.5). Thin Layer Chromatography yielded a result of
Rlerr] = 0.40 20 (25% Et OAc: Hexalsample 3 As di scussed above,

t he conpounds of the present Fnvention have an affinity for the
FK506 bi ndi ng protein, particularly FKBP12. The inhibition of the
25 prolyl peptidyl cis-trans isonerase activity of FK H WO

98/ 29116 3 may be
measured as an indicator of this

Example 4 [err] 5 % Phenet hyl
(29)-1-[(4- et hyl ph@. sulfonyl] 2-pyrrolidinecarbot hi oate
(21) The conpound epareyd in accordance with the 10
procedures used in the above P nd yi el ded and optically pure
conmpound as a clear oil of ul ar wei ght 403. 55, nol ecul ar

formula of CJerr]Herr err], [err]H NWR

S Synthesis of 3-(4~Methoxyphenyl)propyl (28)-1- [(4-
+methylphenyl) sulfonyl] 2—pyrrolld1necarbothloate (6)
A solution of = 3-(4-Methoxyphenyl)-2-
pyrrolidinecarbothicate (567 mg; 2.30 mmol) and (4-
10 methylphenyl) sulfonyl chloride (425 mg; 2.23 mmol) in
methylene chloride (5 mL) was stirred overnight at
room temperature. Purification as described for
Example 1 provided the compound of Example 3 (Compound
6, Table I) as a clear oil, 'H NMR (300 MHZ, CDCl,): &
15 1.67-1.94 (m,6H); 2.40(s,3H); 2.61 (t,2H,J=7.3); 2.84
(m,2H,J=7.2); 3.22 (m,1H); 3.52 (m,1H); 3.76 (s,3H):;

4.32 (dd, 1H,J=2.9, 8. 5), 6.79 (d, 2H,J=6.5) ;

7 07(d,2H,J=6.5); 7.29 (d,2H,J-6 5); 7.74(d,2H,J=6.5).
Thin Layer Chromatography yielded a result of Re = 0.40

20 (25% EtOAc:Hexane).

As discussed above, the compounds.of the present
invention have an affinity for the FK506 binding
protein, particularly FKBP12. The inhibition of the

25 prol&l pept;dyl cis-trans isomerase activity of FKBP
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(Cbdferr], 300 VHZ): [err] 1.52-2.02 (m9H); 2.68

(t,2H,J=8.6); 2.87 (t,2H,J=8.6); 3.27 (m1H); 3.53 15 (m1H); 4.33
(m1H; 7.17 (m3H); 7.27 (m1H); 7.49- 7.65 (m3H); 7.85

(d, 2H, J=W098/29116 Thin Layer Chr omat ogr aphy yi el dedP@I/P8XURIS260f
Rlerr] =0.24 (25 Et OAc: Hexane) .

56 WD 98/ 29116 PCT/ US97/ 23526
Exanple 5 [err]may be measuréd as an irsyihtdest sodftithenethyhity.
(2S)-1-(phenyl sul fonyl)-2- - pyrrolidinecarbot hi oate (22)

The conpound was prepared in accordance with the procedures used in
t he above exanpl es and yiel ded an 10 optically pure conpound as an oi
with a nol ecul ar. wei ght of 3&xdplerd ecul ar fornula of
CerrJHerr]NJerr]Serr], [err]H NVR (CDCl[err], 300 N+Z)

[err] 1.54-2.02 (m4H); (q, 2H, J=7. 58) 2. 67 (t,2H,J=7.46);

2.87 (t,2H J=7.25);

S Synthesis of Phenethyl (2S)-1-[(4-
ethylphenyl)sulfonyl]-2-pyrrolidinecarbothiocate
(21)

The compound was prepared in accordance with the

10 procedures used in the above examples and yielded and
optically pure compound as a clear oil of molecular
weight 403.55, molecular formula of C,;H,sNO,S,, 'H NMR
(CDC1,, 300 MHZ): 3 1.52-2.02 (m, 9H) ; 2.68

(t,2H,J0=8.6); 2.87 (t,2H,J=8.6); 3.27 (m,1H); 3.53

15 (m,1H); 4.33 (m,1H); 7.17 (m,3H); 7.27 (m,1H); 7.48-
7.65 {m, 3H) ; 7.85 (d,2H,J=6.2) . Thin Layer
Chromatography yielded a result of R, = 0.24 (25

EEOAC:HexaneY.

56



3.21-3.29 (m1H); 3.52-3.59 (m1H); 4.24 15 (d, 1 H J=8.44);
7.14-7.19 (m3H); 7.23-7.28 (m2H); 7.49-7.62 (m3H); 7.85

(d, 2H,J=7.66). Thin Layer Chr omat ogr aphy yi el ded t  of

Rl err] =w5’.9§é9"625% Et OAc: Hexane) . PETH’%S#ESZG

57 WD 98/ 29116 PCT/ US97/ 23526
Exanple 6 [err] : 5 Synt hesi s of 3- Phenyl propyl
(2S)-1- (benzyl sul fonyl ) - 2- 48 f necar bot hi oat e (23)

The conpound was prepared in accordance with the procedures used in
t he above exanples and yielded an__10 optically pure conmpound as a solid
with a nol ecul ar wei ght 03.56, nolecular fornula of

CerrJ]Herr]NJerr]S[err], gG4[err]C, [err]H NMR

(CDCl[err] 300 MHZ): [err]

5 - Synthesis of Phenethyl (2S)-1-(phenylsulfonyl)-2-
pyrrolidinecarbothioate (22) .

The compound was prepared in accordanc.e with the

procedures used in the above examples and yielded an

10 pptically pure compound as an oil with a molecular

weight of 389.53, molecular formula of C,H,,NO,S,, 'H

NMR (CDCl,, 300 MHZ): & 1.54-2.02 (m,4H); 1.88

(q,2H,J=7.58); 2.67 (t,2H,J=7.46); 2.87 (t,2H,J=7.25);

3.21-3.29 {m, 1H) ; 3.52-3.59 (m, 1H) ; 4.24
15 (d,1H,J=8.44); 7.14-7.19 (m,3H); 7.23-7.28 (m,2H):
7.49-7.62 (m,3H); 7.85 (d,2H,J=7.66). Thin Layer

Chromatography yielded a result of R, = 0.25 (25%

EtOAc:Hexane) .



1.86-1.97 (m5H); 2.05 (m1H); 2.70 (t,2H J=7.29); 2.91
(t,2H J=7.23): 3.15 (m1H): 3.29 (miH: 4.41 15 (m3H): 7.18

(m3H); 7.28 (m2H); 7.38 (m3H); 7.48 (m2H). Thin Layer

Chr omat oW e3#R9116 el ded a result of Rlerr] = 0.27 (2BO%ESVA3s26cxane) .
Example 7 [err] 20 58 WO
98/ 29116 PCT/ US97/ 23526

Synt hesi s of 3- (1- Napht hyl ) pr opy lExamp(12S)6- 1-

(benzyl sul fonyl ) -2-pyrrolidinecarbothioate (24) The conpound was
made in accordance with the 5 procedures followed in the above exanpl es

and yi el ded an optically paety el ear oil with a
nol ecul ar wei ght of 453.62, nol ¢ 5

CerrJHerr]NJerr]Serr], [err]
(m 6H); 2.98 (t, 2HJ7
(m3H,; 7.29-7.51 (m9H),; 7.7

): [err] 1.81-2.06
1H); 4.30-4.44 10
aH, J=8. 1);

(d,1H,J=8.1); 8.00 (d, 1H, J=8.1)}). Thin Layer Chr omat ogr aphy
yielded a result of Rerr] (25% . Et CAc/ Hexane) . 15
Exampl e 8

5 ~ Synthesis of 3-Phenylpropyl (28) -1~

{(benzylsulfonyl)-2-pyrrolidinecarbothicate (23)

The compound was prepared in accordance with the
procedures used in the above examples and yielded an

10 optically pure compound as a solid with a molecular
weight of 403.56, molecular formula of C,;H,NO,S,,
melting point of 62-64°C, 'H NMR (CDCl,, 300 MHZ): &
1.86-1.97 (m,S5SH); 2.05 (m,1H); 2.70 (t,2H,J=7.29):

2.91 (t,2H,Jd=7.23); 3.15 (m,lH)-;_ 3.29 (m,1H); 4.41

15 (m,3H); 7.18 (m,3H); 7.28 (m,2H); 7.38 (m,3H); 7.48
(m,2H). Thin Layer Chromatography yielded a result of

R, = 0.27 (25% EtOAc/Hexane).

Example 7
20 ~Sso
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[err]

Synt hesi s of 3- Phenyl pr opyl (2S5)-1-[(4-
(25)

et hyl phenyl) sul fonyl -2-pyrrolidinecarbothioate 20

The conpound was nade in accordance with the . . procedures used in the
above eX¥M®BR8116nd yi el ded an optically pure conmpouRgTA89%2382ear oi |
with a 25  nmolecular weight of 417.58, nolecular formula of

CerrJ]Herr]NdJerr]S[err], [err]HNW (CDCl[err], 300 MHZ): [err] 1.39-2.02

(m9H);

Synthesis of 3- (5Naphthyl) P¥E>POGI 291%6s5) -1~

PCT/ US97/ 23526 (benz L sT8L fqny WH)2-p R8Ol idin@th I5gth)oatd. 274) (M 1H);

3.53
(d, 2H, J=7. 2).

(m1H; 4.35 (d,1H J=8.2); 7.14-7.52 (m7H; 7.73

Thin Layer Chromatography yielded a result of Rerr]

= 0.39 (25% Et CAdHexamajpounds was made in accordance wiEsanghe 9 [err]
Synt hesi s of 3-(4-Methoxyphenyl)propyl 1-[(4-

5

10

15

20

25

procedures followed in the above examples and yielded
an optically active compound as a clear oil with a
molecular weight of 453.62, molescular formula of
CysHyNOS,, H NMR (CDCly, 300 MHZ): & 1.81-2.06 (m,6H);
2.98 (t,2H,9=7.2); 3.15 (m,3H); 3.29 (m,1H); 4.30-4.44
(m;3H); 7.29-7.51 (m,9H); 7.71 (d,1H,J=8.1); 7.82
(d,1H, J=8.1); 8.00 (d, 1H,J=8.1). Thin Layer
Chromatography yielded a result of R, = 0.26 (25%

EtOAc/Hexane) .

Example 8

Q\gs
Synthesis of 3-Phenylpropyl (25)-1-[(4-
ethylphenyl)sulfonylj-2-pyrrolidinecarbothioate

(25)

The compound was made in accordance with the
procedures used in the akove examples and yielded an
optically pure compound as a clear oil with a

molecular weight of 417.58,  molecular formula of

" CppH,sNO,S,, H NMR (CDClL,, 300 MHZ): 3 1.39-2.02 (m,9H);

%
tn
0



10 met hyl phenyl ) sul f onyl ] - 2- pi peri di necar bot hi oat e (26)
The conpound was prepared in accordance with the procedures used in
t he above exanples and yielded a 15 racem c conmpound as a clear oi

wi th a niY@esre wei ght of 447.55, nol ecul ar for nmul CTfUs97/23526
Cerr]Herr]NJerr]S[err], [err]H NVR (CDCl [err], 300 WHZ): [err]
1.25-1.32 (m2H); 1.45-1.52 (m4H); 1.78-1.85 (m2H); 2.19

(bd, 1H, J=4.59); 22733 (m,4H); (2.39 ; (2,BH,(=72H) I=63 88) ; (R, 18) ¢t ,RH3I=6.73);
3.15- 20 3.24 %ﬁ]lkb; 3.76 és;BFD; 4.72-4.74 (m1H); 6.80

(d, 2H,J=8.39); (m/1#)Gg 4.35(d(QHB=BH3); 7.1A-J452 (m,7H[(d, 2H7510. 53);

7.70 (d,2H,J=8.53). Thin Layer Chr omat ogr aphy yi el ded a result
of Rlerr] = 0.3%9,@i5¢%5=7.2). Thin Layer ChromatographgOyielded WD
98/ 29116 PCT/ US97/ 23526

Et OAc/ hexane) . result of R, = 0.39 (25% EtOAC/l&)m)e. 10 [err]
Synt hesi s of 3- (4- Met hoxyphenyl ) propyl 1-

(benzylsuﬁfonyl)-Z-piperidinecarbothioate (27) The conpound was
prepared in accordance with the 10 procedures followed in the above
exanpl es and yi el ded a raceni BXaBapeuld as a clear oil with a

mol ecul ar

OMe
. S\/\)C(’

Me
Synthesis of 3-(4-Methoxyphenyl)propyl 1-[(4-
10 methylphenyl) sulfonyl}-2-piperidinecarbothioate
(26)

The compound was prepared in accordance with the
procedures used in the above examples and yielded a

15 racemic compound as a clear oil with a molecular
weight of 447.55, molecular formula of C,,H.,NO,S., :H

NMR (CDCl,;, 300 MHZ): & 1.25-1.32 (m,2H); 1.45-1.52
(m,4H); 1.78-1.85 (m,2H); 2.19 (bd,1H,J=4.59); 2.38

(s,3H); 2.58 (t,2H,J=6.88); 2.79 (t,2H,J=6.73); 3.15-

20 3.24 (m,1H); 3.76 (s,3H); 4.72-4.74 (m,lH); 6.80
(d,2H,J=8.39) 7.04 {d,2H, J=8.61) ; 7.24
(d,2H,J=10.33); 7.70 (d,2H,J=8.53). Thin Layer

Chromatography vielded a result of R, = 0.35 (25%

60



wei ght of 447.55, nolecular formula of CJerr]Herr]NJerr]Serr], [err]H
NVR (CDCl[err], 300 WHZ): [err] 1.28-1.64 (mb5H); 1.82-1.92

(m2H); 2.20 (bd, 1H,J=14.51); 2.62 (t,2H,J=7.54); 2:90 15

(t,2H J=VOB16 3 13 (| H J=2. 56, 12. 93): 3.49  PCT/US97123526
(bd, 1H,J=12.84); 3.76 (s,3H); 4.27 (s,2H); 4.55-4.56 (m1H);
(d,2H,J=8.54); 7.06 (d,2H,J=8.39); 7.32- 7.35 (m3H); 7.43-7.46
(m 2H). BRoRc/hexpae) - Chr onat ogr aphy vyi el ded a result of
Rlerr] =0.32 (25% 20 Et OAc/ hexane) .

61 WD 98/ 29116 PCT/ US97/ 23526
Exanple 11 [err] 5 Synt hesi s of 3-

( 4- Met hoxyphenyl ) pr opyl 1- Example 10 .

(phenyl sul f onyl ) - 2- pi peri di necar bot hi oate (28)

prepared in accordance with the 10 pr ocedur es 4yl
exanpl es and vyi el ded a ffacew c conpound af
nol ecul ar S

!

10

15

20

ear dil with

Synthesis of 3—(4—Methoxyphenyl)§ropyl 1-
(benzylsulfonyl)-2-piperidinecarbothicate (27)
The compound was prepared in accordance with the
procedures followed in the above examples and yielded
a racemic compound as a clear oil with a molecular
weight of 447.55, molecular formula of C.,H..NO,S., 'H
NMR {(CDCl,, 300 MHZ): & 1.28-1.64 (m,5H); 1.82-1.92
(m,2H); 2.20 (bd,1H,J=14.51); 2.62 (t,2H,J=7.54); 2.90

(t,2H,J=7.36); 3.13 (dt,1H,J=2.56,12.93); 3.49

(bd,1H,J=12.84); 3.76 (s,3H): 4.27 (s,2H); 4.55-4.56

(m,1H); ©6.80 (d,2H,J=8.54); 7.06 (d,2H,J=8.39); 7.32-
7.35 (m, 3H) ; 7.43~7.46 (m, 2H) . Thin Layer
Chromatography yielded a result of R, = 0.32 (25%

EtOAc/hexane) .

The conpound was
oO®d, i n the above



wei ght of 433.55, nolecular formula of CJerr]JHerr]NS[err]Jerr], [err]H

NVR (CDCl [err], 300 MHZ): [err] 1.31-1.47 (m1lH); 1.51-1.56 (m 4H);
1.80 (g, 2H, J=7. 45, 14.95); 2.21 15 .(bd, 1H, J=13. 36) ;

2.58 W 987291367 . 49) ; 2.79 (t,2H,J3=7.19); ICHPusH72%526
(m1lH; 3.77 (s,3H); 3.83 (bd, 1 H J=13.54); 4.74-4.76 (m 1H);
6.81 (d, 2H, J=8.56); 7. 05 (d, 2H,J=8. 43) ; 7.44-7.54 (m3H);
7.83 (d, 2H,J=7.52). Thin Layer Chromatography yielded a 20
result of Rlerr] = 0.37 (25% Et CAc/ hexane) .

62 WD 98/ 29116 Exanple 11 PCT/ US97/ 23526
Exanple 12 [err] Synt hesi s of

3-[4-(Trifluoromethyl)phenyl]propyl 1- 5
[ (4- et hyl phenyl ) sul fonyl ] -
The conpound was prepared i
above exanpl es and vyi el ded
of 485. 46, nol ecul ar
[err]H NWR (CDCl [err], 300 ¢

$e-OCH, (29)
procedures in the
d with nol ecul ar melght

. 19-

Synthesis of 3-(4-Methoxyvphenvl)propvl 1-
{(phenvlsulfonvl)-2-piperidinecarbothioate (28)

The compound was prepared in accordance with the

10 procedures followed in fhe above examples and yielded
a racemic compound as a clear oil with molecular
weight of 433.55, molecular formula of C,,H,NS,0,,

NMR (CDCl,, 300 MHZ): & 1.31-1.47 (m,1H); 1.51-1.56

(m, 4H) ; 1.80 (q,2H,J=7.45, 14.95); 2.21

15 {(bd, 1H, J=13.36}; 2.58 (t,2H,3=7.49); 2.79
(t,2H,J=7.19); 3.18-3.26 (m,1H); 3.77 (s,3H); 3.83

' (bd, 1H, J=13.54); 4.74-4.76 (m,1H); 6.81 (d,2H,J=8.56);

7.05  (d,2H,J=8.43);  7.44-7.54  (m,3H);  7.83
(d,2H,J3=7.52) . Thin Layer Chromatography vielded a

20 result of R, = 0.37 (25% EtOAc/hexane).



1.34 (m3H); 1.46-1.53 (m2H); 1.87-2.03 (m2H); 2.13- 2.34 (m1H);

2.41 (s,3H; 2.71 (t,2H,J=7.4); 2.87 (t,2H,J=7.36); 3.20-3.35
(m1H); 3.87 (bd 1H,J=7.91); 15 4.80-4.83 (m1H); 7.31-7.40 (m4H);
7.50- 7. 5%q 98/29146 7.80-7.87 (m2H). Thin Layer Chr QG239

yi el ded aresult of Rerr] = 0.66 (50% Hexane: Et OAc) . 20

Ki Test Procedure The conpounds of the invention are shown to

i nhi bit pepti dyl -prol yl isonefxsegkotl®@mse) activity and can

be eval uated by known nethods described in the literature (Harding, -

et al., Nature, 1989, 341: 758- 63

WO 98/ 29116 9?23526
760; Holt et al. J. Am Chem Sog., 1 5:9%23-9938). These val ues
are obtained as apparent Ki's an e in Tables Il(a) and

I1(b). The cis-trans i's rizalli on of an al anine-proline bond in a
nodel 5 substrate, N syga Gn%¥ﬁthAla Pr o- Phe-p-nitroanilide,

is nonitored spectrophot onet ly im a chynotrypsin- coupl ed
assay, which rel eases para-sa{roanilide from the trans formof the
Substrate. The i nhi bi t this reaction caused by the addition
of different concentratlons of inhibitor is determ ned, and t he

. yzed 3 %h%Q'i‘EgSf'ﬁ'-fhlﬁ‘ PEHREr6RL En £pB86 S a
function gf '”h'bk%SLmEEPEE?Eé 1P§u Ebnyl]rdd% %igph%nyggg

val ues. (b@ya plastic cuvette are a rce co?d

The compound was prepared in accordanée with the
procedures in the above examples and yielded a racemic

10 compound with molecular weight of 485.46, molecular
formula of C,H,;FyNG,S,, H NMR (CDCL, 300 MHZ): & 1.19-

1.34 (m,3H); 1.46-1.53 (m,2H); 1.87-2.03 (m,2H); 2.13-

2.34 (m,1H); 2.41 (s,3H); 2.71 (t,2H,Jd=7.4); 2.87
({t,2H,J=7.36); 3.20-3.35 (m,1H); 3.87 (bd,1H,J=7.91);

15 4.80-4.83 (m,1H); 7.31-7.40 (m,4H); 7.50-7.58 (m,2H);
7.80-7.87 (m,2H). Thin Layer Chromatography yielded

a result of R. = 0.66 (50% Hexane:EtOAc).

20 Ki Proc re
The compounds of the invention are shown to inhibit
peptidyl-prolyl isomerase (rotamase) activity and can
be evaluated by known methods described in the

literature (Harding,- et al., Nature, 1989, 341:758-



15 assay buffer (25 mM HEPES, pH 7.8, 100 nmM NaCl ), 10 niL of
FKBP (2.5 mMMin 10 nM Tris-d pH 7.5, 100 nM Nad , 1 nmM
dithiothreitol), 25 nmL of chynmotrypsin (50 ng/m . in 1 nmMHJ) and
10 nL of WeI;M2™Wkpound at vari ous concentrations i rPGI/VTIS26

sul foxi de. The reaction is 20 initiated by the addition of 5 nL
of substrate (succinyl - Al a- Phe- Pro- Phe-para-nitroanilide, 5 ng/nmL
in 2.35 nmM Li O 7&Pit ridduoebeahandl.) An. Chem. sSdbe, ahsbkbspgeogsgp90 nm
versus tinme is nonitored for -90 seconds using a spectrophot oneter

and the rate 23hese conbuesmtarar obdetiaecdd resi apparehe KAIQr haficea ¥er SUS
tinme data files. 64 WO 98/ 29116

PCT/ US97/ 23526 presented IfheTatales f DI (aheasadeX{iqbi)ment®hé OpjEeprgagntative
conpounds are presented in Tables Il(a) and Il (b) under the col um
"Ki " isemerdgadtiooplit @ifatasiné-phel tnapboads 9f 4 hzﬁode?
present invention can be denonstrated in cellular "bi ol ogi ca

experimends in elbsgrase, déssucbinly beAbar-Ala-Pro-Phe-p-nitroaniliddi ck
Dorsal Root Ganglion Cultures and Neurite Qutgrowmh 10

Dorsal root gasghmeritered sphctmpbetonfataticathiyckn a chymo€Fpsyos-of ten
day gestation. Wol e ganglion explants were cultured on thin |ayer

Mat ri gel - coat edcoRrpwed! assay, whilcht e Midded imivoardiztdddn Dl 1t N8y gl Ucose
medi a suppl emented with 2 mM gl utam ne and 10% fetal calf

t%e trans form of the substrate. The inhibition of
this reaction caused by the addition of different
10 concentrations of inhibitor is determined, and the
data is analyzed as a change in first-order rate
constant as a function of inhibitor concentration to
yield the apparent Ki values.
In a plastic cuvette are added 950 mL of ice cold
15 assay buffer (25 mM HEPES, pH 7.8, 100 mM NaCl), 10 mL
of FKBP (2.5 mM in 10 mM Tris-Cl pH 7.5, 100 mM NaCl,
1 mM dithiothreitol), 25 mL of chymotrypsin (50 mg/ml
in 1 mM HCl) and 10 mL of test compound at varicus
concentrations in dimethyl sulfoxide. The reaction is
20 initiated by the addition of 5 mL of substrate
(succinyl-Ala-Phe-Pro-Phe-~para-nitroanilide, 5 mg/mL
in 2.35 mM LiCl in trifluoroethanol).
The'absorbance at 390 nm versus time is monitored
for 90 seconds using a spectrophotometer and the rate
25 constants are determined from the absorbance versus

time data files.



15 serum
ar abi nofuranoside (Ara C) at 37[err]C in an environnent

5% CJ er I o8, Ey-four hours later, the DRGs - were treated with
vari ous i munophilin |igands. Forty-ei ght hours aft BETSAH23526
treatnment, the ganglia 20 were visualized under phase contrast
Hof f nan Modul ation contrast with a Zeiss Axiovert inverted

m cr oscope.

neurite outgrowh was qéant itated. Neurites
di aneter were cdtfftRYIE
quantitated per

DRGs are

and also containing 10 [err]M cytosine [err]-D
cont ai ni ng

Phot 0T c P8gRafinE ofReFR experimenisr £or repremetetataint:
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in
repr esent
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10

15

20

25

dupl
ive
err]

each e
unéér the col 65 WD 98/ 29116

| onger than the DRG
S péLis i REesenpted ip ( Rabdesl Iuier anfl rElfbt es
X er,izgf,pt al  condition. Three to four

or

and each treatnent was perforned

cul tured .per 1, )|
i calR® neifot't OP?*Fﬁe SCEDr ofhddle eXPBPOWRAS s offorthe

ounds are grﬁisnted in Table Il (c) under the

cQ
.Qresent invention ca demonstrated in ‘cellular

biological experiments in vitro, as described below.

Chick Dorsal Root Ganglion
Cultures and Nguri;g.gu;growgh_

Dorsal root ganglia were dissected frbm chick
embryos of ten day gestation. Whole ganglion explants
were cultured on thin layer Matrigel-coated 12 well
plates with Liebovitz L15 plus high glucose media
supplemented with 2 mM glutamine and 10% fetal calf
serum, and also containing 10 pM cytosine B8-D
arabinofuranoside (Ara C) at 37°C in an environment
containing 5% CO,. Twenty-four hours later, the DRGs

were treated with various immunophilin 1ligands.

- Forty-eight hours after drug treatment, the ganglia

were visualized under phase contrast or Hoffman
Modulation contrast with_a Zeiss Axiovert inverted
microscope. Photomicrographs of the explants were
made,-and neurite outgrowth was quantitated. Neurites
longer than the DRG diameter were counted as positive,
with total number of neurites quantitated per each

experimental condition. Three to four DRGs are

-

65
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66 WO 98/ 29116

PCT/ US97/ 23526 TABLE |1 (a)

In Vitro Test Results Ki, nMerr] 1 . +++ 5
2 WO 98/29116 ++ 3 . PCY/US%7/23526 4

+ 5 +++ 6

++ 10 7 ++ 8 +++

9 + o+

11 cultured per q%}l, a%%ZeéHﬂ treatment was performed i

o+ 14 ; +++ 15

it 16 duplicate. ++ 20 21 | .
22 The data for these %%?eriments for represenfdtive 24
* 25 * 25 26 *

compounds are presented in Table II(c) under the

5 column "ED".



27 * 28 ++ 29

++ 30 Table I'1(Db)
Nunerical in Vitro Test Results Ki, nMerr] 35 -4
204 WO 9829116 22 6 PCTUS97/23526
145 21 780 22
551 40 23 107 24
671 25 : TASHE TII(a) 26
659 27 In VitB2 Bost Reg@its
196 29 Ex. No. 89, nM" -
67 WO 98/ 29116 +++
PCT/ US97/ 83526 2 ++ TABLE Il (c)
Chick DRGIn ViBro Neurite Test Resul ts Ex. No.
ED50, nM err] 54 1 + ++++ 2
+++ 3 5 +++ +++ 4 ++
5 6 +++ 10 6 ++ ++ 7
+++ 10 8 17 ++++++ 9 ++++
10 8 +++ 15 11 +++ +++ 12
+++ . 13 9 +++ +++ 14 +++
15 10 ++++ 20 16 +++ ++ * Relative
pot enci es of cohlpounds are ranked ++
15 12- +++
13 +++
14 +++
15 +++
16 ++
20 21 *
22 *
23 ++
24 *
25 *
25 26 *
27 *
28 ++
29 ++
30
Table TT (b
N1 ica)l ITn Vi R
Ex. No. Ki . nM*
35 .4 204
5 22
6 _ 145
21 780
22 551
40 23 107
24 671
25 984
26 659
27 82
45 28 196
29 69

67



according to the foll ow ng scal e: ++++ denotes Ki or ED50 < 1 nM

+++ denotes Ki or ED50 of 1-50 nM 25 ++ denotes Ki or ED 50 of 51-200
nM + denotes Ki or ED50 of 201-500 nM * denotes Ki or ED50 of >
500nM WO 9829116 MPTP Model of Parkinson's Di seaB€I/US97/23526
The remar kabl e neurotrophi c and neuroregenerative 30 effects of the
present inventive conpounds can be further denonstrated in an
ani mal nodel of neurodegeneréﬁﬂﬂéidmsﬂase NPTP IeS|on|ng of
dopam nerglc neur ons i fluiaxe ogdel  of
Par ki nson' s Di sease. Four week old rral e 35 CDl V\/mte m ce are dosed
.p. With 30 ng/E%y4ﬁEuNPTP fERSG. miys. Test conpounds (4 ng/kg), or

veh| cle, +++4 68 WD 98/ 29116
PCT/ US97/ 23526 2 are admi ni st'red s.c. along with the MPTP for 5
days, as well as3for an additional 5fays foll owi ng -~ cessation of
MPTP treatment. At 18 days fol | owi ngr+ MPTP treatnent, the animals
are sacrificed ahd the 5 stri at¥ardi ssect ed and perfu5|on fixed.
| munost atthing i% perforned on saggital and cor onal brain sections
using anti-tyros{ ne hydroxyl ase 1 g *++ to quantitate survival and
recovery of dopdfri nergic nedois. In animals treated with MPTP and
vehicle, 10 substantial |oss dft¥iuncti onal dopamni nergic
termnals,is obsgtved as conpared td on-1esioned animal s. Lesi oned
ani mal s retei vi test conpounds +t+*+  show a significant recovery of
TH st ai ned : e

13 ++++

14 +++

15 F A+

20 16 ++

>

Relative potencies of compounds are ranked
according to the foliowing scale: ++++ denctes Ki
or EDS0 < 1 nM; +++ denotes Ki or ED50 of 1-50 nM;

25 ++ denotes Ki or ED 50 of 51-200 nM; + denctes Ki cr

ED50 of 201-500 nM; * denotes Ki or EDS50 of > 500nM.

MPTP Model of Parkinson's Disease

The remarkable neurotrophic and neuroregenerative
30 effects of the present inventive compounds can be
further demonstrated in an animal model cf
_neurodegenerative disease. MPTP lesioning of
dopaminergic neurons in mice is used as an animal
model of Parkinson's Disease. Four week old male
35 CD1 white mice are dosed i.p. with 30 mg/kg of MPTP

for 5 davys. Test compounds (4 mg/kgl, cor vehicle,

i} " 68



dopam nergi ¢ neurons. This nodel presents 15 ‘quantitation for the
recovery of TH-positive dopam nergi ¢ neurons in the striatum of

ani mal s ecei ving the conpounds of the present inv

Data for W(éﬁ?%%lé%t ative control and | esioned ani mals %f/ﬁ%bmgsczgi vi ng
the test drugs is also presented 20 agai nst the data fromthe aninmals
receiving the conpounds_ of the resent invention in Table |11

25 are administered s.c. g with theyMBBP ofye6S

PCT/ US97/ 23526 .. Table Il ) MPTP
Model of Parki n§fWS Bséigdd 'Pe‘stf%sacﬂt%ddltmnal CorfRYofollowing 9
Recovery Tyr05|ne ty ro§¥lase 42 5 6

37 essation of MPTP treatqﬁpt At 18 days gfpllowing The

phrase "pr eventl ng. _neur od%t?eer]:Hratt on"nlm tes to the remarkabl e
ability of the 54#‘;)% B ?%%ﬂf’r%%dt%n%%ﬁ?f i cantly
pr event nggve striata Jggé é@ggl per ég{gﬁ;g. glven concurrently
Immunostaining is performed on saggital and coronal
brain sections using anti-tyrosine hydroxylase 1 g
to quantitate survival and recovery of dopaminergic
neurons. In animals treated with MPTP and vehicle,

10 a substantial loss of functional dopaminergic
terminals is observed as compared to non-lesioned
animals. Lesicned animals receiving test compounds
show a significant recovery of TH-stained
dopaminergic neurons. This mcodel presents

15 quantitation for the recovery of TH-positive
dopaminergic neurons in the striatum of animals
receiving the compounds of the present invention.

Data for representative contrcl and lesioned animals
not receiving the test drugs is also presented

20 | against the data from the animals receiving the

compounds of the present invention in Table III.
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with a | esioning agent, such as MPTP. This al so provi des a

reasonabl e correl ati on between the scope 15 of the clains and the
ability to prevent neur odegeneration in patients newy diagnosed as
havi ng a'¥R §V§H enerative di sease, or at risk of BCTAISIPRISZ6 a
neurodegeneratlve di sease. The conpounds al so provide nethods for
preventing 20 further neurodegeneration in patients who are

-al ready suffering fromor have synpt olabdé BITL neur odegenerative

di sease. The |nvent|on belng t hus described, it wll be

obvi ous that the sdit@PaiMpded il Pad VA ¥ RéGh j\ar i ations
are not to be regarded as a departure fronlthe spirit and scope of

the invention Comp. No. % Recovery Tvroéﬁhg_ﬂzggggg%%¥% 29116
PCT/ US97/ 23526 and all such nodifications are intended to be
i ncl uded within4the scope of the 42l | ow ng cl ai ns.

5 6 37
23 80
24 40

The phrase "preventing neurodegeneration" relates
10 to the remarkable ability of the compounds of the
bresent invention to significantly prevent nerve
damage when the compounds are given concurrently
with a lesioning agent, such as MPTP. This also
provides a reasonable correlétion between the scope
15 of the claims and the ability to prevent
neurodegeneration in patients newly diagnosed as
having a neurodegenerative disease, or at risk of
developing a neurodegenerative disease. The
compounds also-provide methods for p:evenﬁing
20 further neurodegeneration in patients who are
already suffering from or have éymptoms of a
neurodegenerative disease.
The invention being thus described, it will be
obvious that the same may be varied in mznv ways.
25 Such variations are not to be regarded as a

departure from the spirit and scope of the invention
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71 WD 98/ 29116 PCT/ US97/ 23526

WHAT IS CLAIMED I S: 1. A conmpound of formula |I: [err] 5
|y acceptable salt, ester, or . sol vat e t hereof,

or a phar ica
wher ei n: W%g)ﬂhg A and B are taken together, with the nitrBgeHS2HRIS26

and all such modifications are intended to be

included within the scope of the following claims.
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carbon atons to which they are respectively attached, to forma 5-7

menber ed saturated or unsat urated heterocyclic ring containing any
conbination of CHerr], O S, SO S(Oerr], NHor NRerr] in any 15

cheni cal I'YYOSBRBIE oxi dation state; X is either O RCEUSI7/23526 Y
is adirect bond to Z, a (Jerr]-Cferr] straight or branched chain
alkyl, or a (Jerr]-(err] straight or branched chai n al kenyl
wher ei n any of WEATcFSH&EAREMERs I6: 20 sai.d al kyl or al kenyl are
optionally substituted in one-or nore positions with am no, hal o,
hal oal kyl , t hi ocarbonyl, ester, thioester, al koxy, alkenoxy,

cyano, nitro, imno, alkylanlno anlnoalkyl

72 WO 9§/-28] ggmpound of formula I:

PCT/ US97/ 23526 sul fhydryl, thioal kyl, sulfonyl, oxygen to forma
carbonyl, or wherein any of the carbBn atons of said al kyl or

al kenyl are optionally replaced with{O NH, err], S, SO or

romghe—y S—7z group consisting of

branthed chain al kyl
gwh chain gﬁﬂényl or al kynyl, and

SJerr], wherein Rerr] is sel®cte
hydrogen, (Clerr]-Cerr])-stra

(err]-Cerr])-straight or branciled
(Cerr]-Cerr]) bridging aIkyI ' erein said bridging alkyl forns a
het er ocyclic ring sty he nitrogen of NR and ending 10
wi th one of the carbon atons of S qﬁk @! kyl or al kenyl chain, and

wherein said heterocycllc ring |sT optionally fused to an Ar group;

5
I

or a pharmaceutically acceptable salt, ester, or
solvate thereof, wherein:

10 A and B are taken together, with the nitrogen and
carbon atoms to which they are respectively
attached, to form a 5-7 membered saturated or
unsaturated heterocyclic ring centaining any
combination of CH,, O, S, SO, SO., NH cr NR. in any

15 chemically stable oxidaticn state:;

X is either O or S;

Y is a direct bond to 2, a C,~C; straight or
branched chain alkyl, or a C.,-C. straight or branchea
chain alkenvl, wherein any cf the carbon atoms of

20 said alkyl cr alkenyl ars opticnally substituted in

vy

one or more pesitions with aminc, halo, halcalkyl,

‘\

thiocarbonyl, ester, thioester, alkoxy, alkenoxy,

cvano, nitre, imino, alkylamino, aminoalkyl,

b IIIIIIII I IIIII ||I|I || |II|



Zis adirect bond, or a (Jerr]-Cferr] straight or branched chai n

alkyl, or a (Jerr]-Cerr] straight or branched chain 15 al kenyl ,
wherein any of the carbon atons of said al kyl or al kenyl e
opt i onal WS tuted in one or nore positions w g 9?(8%5 fal o,
hal oal kyl, thlocarbonyl ester, thioester, alkoxy, alkenoxy,

, t | kyl 20 | f hydryl, thioal kyl,
Ui Tonyl  oxygeReLgrKBFiTa” “°alﬁﬂ2?%‘sﬁ§?hyaf GHEPERNTANFOR Bhe carbon
t f d | k t I d th O NH,
NRlerr], S, SO srbgayifr%‘ Gheferf trurrf PEoErEhplo=EPuR hesatd
t h t ht b hed
dhain akyl - (CPaRup ¥E PRl SEELPREFORRLAL ERP o858 ShenlBy Mrknyl o
al kynyl, and (Cégrr]sﬂs s%r]c)r %rd dg‘dﬂgrg Kyi’\ is selected from the

73
PCT/ US97/ 23526 | | h |
ring starfing wetf“Ph&°hi gE?hﬁ 8? ﬂﬁ§£5g?ﬁ -hy -agfﬂs %t eterocyclic

roge %% th one of

t he carbon ato”ﬁrgﬁcﬁ@&dcﬁékxl ?ﬁ%nalfc‘fuZegggglgn P%%%‘“h%reln sai d

heterocyclic ring1s C

and D are |nergHg§HtL¥k?ﬁ¥} or a ggyfro ga,,ér..?[g%éhggkgr%théralghp or

branched chain err] “strai d chain

al kenyl , £i By ybpidégﬁgcéiQQP f&?ﬂ§ théeégoéﬁngglon(s) with

al kenyl are optlonaﬁFy su tltut n ong or

qerr]-Cerr] C¥§£8%E¥£%&%£lﬁ%ﬁérﬂuEi‘GJ;Qﬁ" 56%4 and endiflydroxyl,

car bonyl oxygen, erein sal
10 with one of the carbon atoms of said alkvl or

alkenyl chain, and wherein said heterocyclic ring is
optionally fused to an Ar gréup;

Z is a direct bqnd, or a C,-Cq stréight or branched
chain.alkyl, or a C.-C; straight or branched chain

15 alkenyl, wherein any of the carben atoms of said
alkyvi or alkenyl are optionally substituted in one
or more positions with amino, halc, haloalkyl,
thiocarbonvl, ester, thioester, alkoxy, alk=noxy,
cyano, nitro, imineo, alkylamino, aminocalkyl,

20 sulfhydryl, thiocalkyl, sulfonyl, oxygen to form a
carbonyl, or wherein any of the carbon atoms of said
alkyl or alkenyl are optionally replaced with O, NH,
NR., S, SO, or S0., wherein R. is selected frcm the
group consisting of hydrogen, fcﬁ—Cs)—straight or

25 branched chain alkyl, {Cy-Cgl-straight or branched
chain alkenyl or alkynyl, and (C,~C,) bridging alkyl

>

mann
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al kyl, al kenyl, cycloal kyl or cycl oal kenyl groups are optionally
substituted with (Jerr]-Cerr] alkyl, (err]-Cerr] 15 al kenyl ,

hydr oxy, am no, hal o, hal oal kyl, t hi ocarbonyl, ester, thioester,

al koxy, aYReasyse cyano, nitro, imino, alkylam no, PEFIUSOARISR

sul f hydryl, thioal kyl, sulfonyl, wherein any of the carbon atons of
said al kyl or alkenyl are optionally 20 substituted in one or nore
positions with oBRRaELR Gaid bridgigymad kvdr Farps aormhettesrasiyclany of the
carbon atons ) of said al kyl or al kenyl are optionally repl aced

with O, NH, NR &9 sfarfdngwiddy &hq nijraagm of &) and ending sel ected
fromthe group consisting of hydrogen, ((err]- 25 Cerr])-straight or
branched chai n 344 oR&r hegcaron atoms of waig gkl dw anched chain

al kenyl or alkygyl, aqg . . . 74 WO
98/ 29116 lkenyl chain, and wherein said hetermpoyaldsy /ri38P4 s

het o otycld o 11 APUISHAL G W9 ik 4R BRogEeups 0 “of NRlerr] and endi ng
wherein said 5 & SRS AR4eRIHENE Bt onal 1y Tuced 1o an A
910U i ured or AR EOC MhuSlghel SO IRy e
Lrom the, 970U et i) Sl AT TEM] or brancad) SHASSSL
oLl Nt O PrARHISL S AR cabon atoms TR BN O
10 alkenyl are cptionally substituted in one or more
position(s) with C,-C, cycloalkyl, C.-C- cycloalkenyl,
hydroxyl, carbonyl oxygen, or Ar, wherein said
alkyl, alkenyl, cycloalkyl or cycloalkenyl groups
are optionally substituted with C.-C; alkyl, C.,-C.
15 alkenyl, hydroxy, amino, halo, haloalkyl,
thiocarbonyl, ester, thiqester, alkoxy, alkenoxv,
cyano, nitre, imino, alkylaminoc, aminoaikvl,
sulfhydryl, thioalkyl, sulfonyl, wherein any cf the
.carbon atoms of said alkyl or alkenyl are optionally
20 substituted in one or more positions with oxygen to
form a carbonyl, or wherein any of the carbon atocms
of said alkyl or alkenyl are cptiocnally replaced

with O, NH, NR., S, SO, or SO., wherein R. is

selected from the group consisting of hydrogen, (C.-

28 C:}-straight or branched chain alkyl, (C.-C.)-
straight cr kranched chain alkenyl or alkynvl, zand
—— 74
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straight or branched chain al kenyl which is 15 substituted in one or
nore positions with Ar, am no, hal o, hal oal kyl, hydroxy,

trifl
L

th&l,
POPRAIB 5 ght ~ or

t hi ccar bonyl ,

i m no,

Cerr]-Cerr]
branched chai n al kenyl, cRCTURYN23526

straight or branched chain al kyl,

ester, thioester, alkoxy, alkenoxy, cyano, nitro,

al kyl am no, am noal kyl, sul f hydryl, t hi oal kyl , sul fonyl

20

substituted al kyiC;o€,)alkeidding alkyl wiermsdim asnidfbt iy ved bone@t ons of the
al kyl or
or NRlerr] wher diormg ér hjetieg oxwicddiced ifngomtiaire igrgowd. thi2khe nicaisygesi | ng of

hydr ogen,

(derr]-de
75
PCT/ US97/ 23526 said alkylalokemlkemylaldhaiyl,, amad wh@mrin] s@ierr]) bridging

al kyl

het erocyclic ri SFOoM®/
Cerr]-Cerr] cycloal kyl.

is acyclic

unsubstitut ed ofSsFHEStLEUEGT Rrom@s

tricyclic,

hal oal kyl ,

or branched
10
15
20
25

al kenyl are optionally replaced with S, SO S(err],

(dJerr]-Cerr])-straight or branched chai n al kyl,

rr]) ot N&;gandoendingcwéthcbonenof the carbon atoms of

WO 98/

29116

wherein said bridging alkyl forns a heterocyclic
ring startd ng whefemesyslicogdmdofl sNRpdricnaddy dudiety to an Ar with one of
t he carbon atons of said al kyl or 5 al kenyl chain, and wherein said

car bo-

optionally fused to an Ar group or

wherngin Med @ iar ¥l Ry detennaanlesnaiettnodhidhi - or
or heterocyclic ring, wherein the

0,

2. The compound of claim1l, wherein Ar

10

\ ring is either
stituteglifj ve position(s) with halo,

hydrgﬁ&l, nitro, trifluoromethyl, Cerr]-Clerr] straight

R, is selected from the group consisting cf Ar, C.-

Cy cycloalkyl, C,-C.; straight or branched chain

alkyl, C.-C; straight or branched chain alkenyl, or

C.-C¢ straight or branched chain alkyl or C.-C,

straight or branched chain alkenvl which is

substituted in one or more positions with Ar, amino,

halo, haloalkyl, hydroxy, trifluoromethyl, C,-C;

straight or branched chain alkyl, C.-C. straight or

branched chain alkenyl, carbecnyl, thiccarkenyl,

.ester, thioester, alkoxy, alkenoxy, cvyano, ritro,

imino, alkylamino,'aminoalkyl, sulfhydryl,

thicalkyl, sulfonyl, substituted alkyl or alkenyl

wherein any of the carbon atoms of the alkyl or

alkenyl are optionally replaced with S, SC, sS0., C,

or NR. wherein R. is selected from the group

consisting cf hydrogen, (C4-C¢)-straight or branched

chain alkyl, (Cp-C.}—-straight 2-r branched chain

T



chain alkyl, Clerr]-Cerr] straight or branched chain 15 al kenyl ,
Cerr]- C[err] al koxy, Cerr]-(err] alkenyloxy, phenoxy, benzyl oxy,
am no, thiocarbonyl, ester, thioester, cyano, imno, alkylam no,
am noal kW09§/@$lflﬁydr yl, t hi oal kyl, and sul fonyl; wrmreusp7hbses

I ndi vi dual ring Ssizes are 5-8 nmenbers; wherein t he het erocyclic
ring 20 contains 1-4 heteroaton(s) selected fromthe group

consisting of Oalemyl rvhBrwiyl aramdt {T,-T,) bridgingealkaiy al kyl am nes
are optionally oxidized to a -correspondi ng N-oxi de. 25 3.
The conpound of heren2, sadtbrieidgivey oyl oforms a hetd£yE)d i c car bo-
or-heterocyclic ring is selected 76

WO 98/ 29116 ring starting with the nitrogen of MCT/aHIO end3546

fromthe group consisting of phenyl, benzyl, napht hyl , pyrrolyl,
pyrrolidinyl, pytitdimne of the nghonnahamﬂ oﬁnsamwlalkyarwﬁlnyl

isoquinolinyl furyl, thiophenyl, imdazolyl, oxazolyl, thlazolyl
5 pyrazol yl, akdeenyh ahain, and Wherehn'Baadxhqnnrutyﬁliééﬁiﬁé- gmereln
t he conmpound has an affinity for FKBP-type inmunophilins.

5. The conmpoun®PRIFIiaikd £usicertal n Be RIBRY ye C,-C, cyclioaegphil i ns
are FKBP12. 6. The conmpound of claim1l, wherein the conpound

2. The compound of claim 1, wherein Ar is a cyclic
or fused cyclic ring and includes a mono-, bi- or

10 tricyclic, carbo- or heterocyclic ring, wherein the
ring is either unsubstituted or substituted in one
to five position(s) with halo, haloalkyl, hydroxyl,
nitro, trifluoromethyl, C,-C; straight or branched
chain alkyl, C.-C. straight or branched chain

15 alkenyl, C,-C; alkoxy, C.-C, alkenyloky, phenoxy;
benzvlioxy, amino, thiocarbonyl,'ester, thioester,
cvano, imino, alkylamino, aminoalkyl, sulfhydryl,
thiocalkyl, and sulfonyl; wherein the individual ring
-Sizes are 5-3 members; wherein the heterocyclic ring

20 contains 1-4 heteroatom(s) selected from the group
consisting of O, N, or S:; wherein aromatic or

tertiary alkyl amines are optionally oxidized to a

corresponding N-oxide.

25 3. The compcund of claim 2, wherein the mono- or

bicyclic, carbo- or -heterocyclic ring is selected

76
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i nhibits rotamase enzyne activity. 15 A conpound sel ected from

the group consisting of : 3- (4- Met hoxyphenyl ) propyl

(2S)-1-( ul fonyl) - 2-pyrrolidinecarbct-hioate; 20

3- (4- Met %@%ﬁéﬂﬁl )propyl (2S)-1-(benzyl sul -fonyl)- PCT/USH7/23526
2-pyrrolidinecarbot hi oat e; 3- (4- Met hoxyphenyl ) pr opyl
(2S)-1-[ (4- et hyl phenyl ) sul fonyl]-2-pyrrolidi necarbot hi oat e;
(2, 2- Phenyl et hyigaa she (@upl -qonsiathiyigehyenyl, benzyl,

sul fonyl ] -2-pyrrolidinecarbothioate; - 3- Phenyl pr opyl

(2S) - 1- (phenyl sitaRihyl2 pyrrolyl, pyrrolidinyl, pyridinyl, 77

98/ 29116 o ) ) ~ PCT/ US97/ 23526

pyrrolidi necar b@¥iigeidinyl, purinyly. pRemalgmaph] isoquinolinyl,
(2S)-1-(benzyl sul fonyl)-2- pyrrolidi necarbot hi oat e;

3- (1- Napht hyl ) prigid L Zpiophasiry 1 ifidarpAyl2-oxazplyl, thiazolyl,
pyrrolidi necarbot hi oat e; . 3-Phenyl propyl

(2S) - 1- [ (£ et hy BIFERAY G &g Ighimnyl. pyrrol i di necar bot hi oat e;
3- (4- Met hoxyphenyl ) propyl 1-[(4-nethyl phenyl)

sul fonyl ] - 2- pi peri di necar bot hi oate; 10 3- (4- Met hoxyphenyl ) pr opyl
1- (benzyl sul fony] ) - 2- I peri dj necar bot hi oat e;
3-(4-thhoxypheﬂyl)pTBﬁy?oﬁP?ﬁﬁﬁn?Fsﬁi?ﬁﬂy%)-ﬁhereln the compound

plperldlnecarbo%ggxgﬁxaffinity for FKBP-type immunophilins.

10 5. The compound.of claim 4, wherein the FKBP-type

immunophilins are FKBP12.

6. The compound of claim 1, wherein the compound
inhibits rotamase enzyme activity.
15
7 A compound sélected from the group consisting
of:
3-(4-Methoxyphenyl)propvl (2S)-1-(phenylsulfcnyl)-
2-pvrrolidinecarbcthiocate;
20 3- (4-Methoxyphenyl)propyl (2S)-1-(benzylsulfonyl)-
2-pyrrolidinecarbothioate;
3- (4-Methoxyphenyl)propyl (2S)-1-[(4-methyl
phenvl)sulfonyl]-2-pyrrolidinecarbothioate;
(2,2-Phenylmethyl)ethyl (2S)-1~-[(4-ethylphenyl;
25 sulfonyvl]-2-pyrrolidinecarbothiocate;
3-Phenylpropyl (25}-1—(phénylsulfonyl)—z—

ey



3-[4-(Trifluoronethyl)phenyl]propyl 1-[(4-methyl 15

phenyl ) sul fonyl ] - 2- pi peri di necar bot hi oat €; and a pharnmaceutically
acceptable salt, ester, or sol vate thereof. . 8. A

phar macewoOe8k91¢énposi ti on conprising a 20 neur ot r ophi eaitityssekisaeti ve
amount of the conmpound of claiml and a pharmaceutically acceptable
carrier. 9. A nethod of effecting a neuronal activity in an

ani mal, conprisigg; 5 33 1. Nj tring to the aninmal a
neurotrophicalIyBgrrog§d1%??%€$?€%P%§%§ht of the compound of claiml.

78 WO 98/ 29316y on PCT/ US97/ 23526

10. The net hod of C|aln1§}pﬁ%%¥%i&2§%élﬁ ?ﬁ%ﬁ +sulf°nyl)5%Tivity IS
sel ect ed fron1th§ gggygdggggg§ggggigg - stimul ati on of danmaged
neurons, pronoti K 0 neuronal fegeneration, prevention of 5

13 oneene 4101 DhLgEheRsl plopy BORL ESlognen ot DA ERE, L,

11. The nmethod of claim ere ogrc
sel ect ed f50n1pthgfgypdi&QcarngH§&§£épg of peripheral neuropathy caused

by physical injury or disease state, physical damage to “the
brain, physical dagaggeh@1pPEpePi 18%) COLH(4-ethylpiRdd PR AFEQCL PfE5L W th
brai n damage, and neur ol ogi cal di sorder ré?atlng to

neur odegener ati 0Ofyrrolidinecarbothioate;
'3—(4—Methoxyphenyl)propyl 1-{ (4-methylphenyl)
sulfonyl]-2-piperidinecarbothioate;
10 3-(4-Methoxyphenyl)propyl 1-(benzylsulfonyl)-2-
piperidinecarbothiocate;
3-(4-Methoxyphenyl)propyl 1-(phenylsulfonyl)-2-
piperidinecarbothioate;
3-[4-(Trifluoromethyl)phenvl]propyl 1-[(4-methyl
15 phenyl)sulfonyl]-2-piperidinecarbothiocate;

and a pharmaceutically acceptable salt, ester, or

solvate thereof.

8. A pharmaceutical composition comprising a
20 neurotrophically effective amount of the compound of

claim 1 and a pharmaceutically acceptable carrier.

9. A method of effecting a neuronal activity in an

animal, comprising:

[}V)
W

administering to the animal a neurctrophically

effective amcunt of the compound of claim 1.

T



15 12. The method of claim 11, wherein the neur ol ogi cal

di sorder relating to neurodegeneration Is selected fromthe group
consi stipng of Al zheiner's Di sease, Parkinson's Disease, and

amyot r opRi%o829¢t6 | ateral sclerosis. 13. A conpGHVIEFSSr nul a
Il 79 WD 98/ 29116

PCT/ US97/ 23526 [err ' 5 or a pharmaceutically
accept abl e sal t10esthe mgehod of clagdmyfi ewhbordnf theheesicnnal E,

F, G and H are independently CH[ er r11gf O S, SO SOerr], NH or
NR[err]; 10 2ctiwity i i$ebeqtesd Lyom the groupy ¢ensistiimgtobond to Z, a

Cerr]-Cerr] straight or
stimuilation of damaged neurons, promotion of

neuronal regeneration, prevention of
5 neurodegeneration and treatment of neurological

disorder.

11. The method of claim 10, wherein the
néurological disorder is selected from the group

10 consisting of peripheral neuropathy caused by
physical injury or disease state, physical damage :tc
the brain, physical damage to the spinal cord,
stroke associated with brain damage, and

neurological disorder relating to neurodegeneration.

15
12. The method of claim 11, wherein the
neurological disorder relating to néurodegeneration
is selected from the group consisting of Alzheimer's
Disease, Parkinson's Disease, and amyotrophic

20 lateral scler§sis.

13. A compound of formula II:

o



branched chain alkyl, or a (Jerr]-Cferr] straight or branched chai'n

al kenyl, wherein any of the carbon atons of said al kyl or al kenyl

are optionally substituted in 15 one or nore positions with am no,

hal o, haMSxt8@oH16 t hi ocarbonyl, ester, thioester, abP&IUggrBEIENOXY,

cyano, nitro, imno, alkylam no, am noal kyl, sul f hydryl, thioal kyl,

sul fonyl, oxygen to forma carbonyl, or wherein any of the carbon

atons of said 20 al kyl or atgenyl are optionallnareplaced with O NH,
fromthe

NRlerr], S, SO or SJerr], wyererryRerr] is selegpe
group consisting of hydrogen, ((Jerf]-( geP)ystea’ght or branched
chain alkyl, (C(Jerr]-Cerr])-sktxaj branched chai n al kenyl or
al kynyl, and (Cerr]-Clerr]) bri ‘?EEIETkyI D

80 WD 98/ 29116

PCT/ US97/ 23526 wheyeingsai d“bridging al kyl forms a heterocyclic
ring starting wth the nitrogen F§N5[err] and endi ng w th one of
the carbon atons of said alkyl o -al kenyl chain, and wherein said
het erocyclic ring is 5 optRgnal ly fused to an Ar group; Z
is a direct bond, or a (Jerr]-Clerr] straight or branched chain
alkyl, or a (Jerr]-Cerr] straight or branched chain al kenyl ,
wherein any of the carbon atonms of said i1z al kyl or al kenyl are
optional IS substituted in one 10 or nore positions with am no, halo,
hal oal kyl , or a tpharmaceantyilcalast @ccepltiabdst ealtal kexyr,akbkenoxy,

cyano, nitro, im'no, alkylam no, am noal kyl, sul f hydryl, thioal kyl,
sul fonyl, oxygewmlivatfeortimeaeof, wherein:

E, F,-g, and H are independently CH., 0, S, SO,
S0-., NH or NR;:;

10 X is either O or S:

Y is a direct bond to Z, a C.-C; straight or
branched chain alkyl, or a C.-C; straight or branched
chain alkenyl, wherein any of the carbon atoms of
said alkyl or alkenyl are opticnally substituted in

15 one or more positions with amino, halo, haloalkyl,
thiocarbenyl, ester, thioeste;, alkoxy, alkenoxy,
cvano, nitro, imino, alkylamino, aminocalkyl,
sulfhydryl, thiocalkyl, sulfcnyl, oxygen to form a
carbonyl, or wherein any of the carbon atoms of said

20 alkyl or alkenyl are optionally replaced with 0O, NH,
NR., S, SO, or S0., wherein.R. is selected from the
group consisting of hydrogen, (C,-C,)-straight or
branched chain alkyl, (C.-C;)-straight or branched

chain alkenyl or alkynyl, and (C,-C,;) bridging alkvl

— i — -_— — —_— — ] . 8 0
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carbonyl, or wherein any of the carbon atonms of said 15 al kyl or
al kenyl are optionally replaced with O NH, NR[err], S, SO or

sJerr],. in Rerr] is selected fromthe - group _consisting of
hydrogen%%@‘ﬁ- Clerr])-straight or br anched chaiPFTéVW{z?szg

((err]-Cerr])-straight or branched chai n al kenyl or al kynyl, and
(derr]-Cerr]) bridging alkyl 20 wherein said bridging alkyl forns a
het er ocyclic wherein rfpist dniidaing tai ke fronmsogemedfe ddfyerIrilc and endi ng
with one of the carbon atons of said "al kyl or al kenyl chain, and
wher ei n sai d het®@fstfiartifihg'ith the nitnggeromd INR,f asddehaiag Ar group;
25 C and D are independently: hydr ogen, Ar,

Cerr]-derr] - stidignorhtde vegbsmaiatoms of said alkyl or

81 WD 98/ 29116 ) )

PCT/ US97/ 23526 alkenyl chaipy| angt whegiedn adid hedtersiayiatl iar dimanahed chain
al kenyl , wherei.n any of the carbon atons of said al kyl or

al kenyl ar®e opt &R b fsEG &9 ian e Wouror e position(s) wth
Cerr]-Cerr] cycloalkyl, derr]-Cerr] cycloal kenyl, 5 hydr oxyl ,
carbonyl oxygen, ¢ ¥§,2fhersithRofidy or & Ci-Cylxtraighkeny|braycheal kyl or
cycl oal kenyl groups are optionally substituted with CJerr]-Cerr]
al kyl, CJerr]-Ceoaip alkyl, orgpu&nyfs shriisht cmibranaidd,cheimal kyl

t hi ocar bonyl , esﬁé r, thioester, alkoxy, alkenoxy, 10 cyano, nitro,

i mi no, al kyl am kenylgodhegein any of the ORFoR atomsogitkyiaidsul f onyl
wherei n any of carbon atons of said al kyl or al kenyl are

t
optionally aq?‘ylsﬁtfslailljﬁf‘é(& 2hCoRPtIrNRdly Sobstishsed tm oRggen to

10 or more positiqns with amino, halo, haloalkyl,
thiocarbonyl, ester, thicester, alkoxy, alkenoxy,
cyano, nitro, imino, alkylamino, aminoalkyl,
sulfhydryl, thioalkyl, sulfonyl, oxygen to form a
carbenyl, or wherein any of the carbcn atoms of said

15 alkyl or alkenyl are optionally replaced with ©, NH,
NR., S, SO, or SO., wherein R. is selected from the
group consisting of hvdrogen, (C.-C;)~straight or
branched chain alkyl, (C,-C;)-straight or branched
chain alkenyl or alkynyl, and (C,-C,) bridging alkyvl

20 whérein said bridging alkyl'forms a heterocyclic
ring starting with the nitrogen of NR. and ending

with one of the carbon atoms of said alkyl or

[0}

alkenyl chain, and wherein said heterocyclic ring %
optionally fused to an Ar group;
25 C and D are independently:

nydrogen, Ar, C,-Cs straight or branched chain

g



forma carbonyl, or wherein any of the carbon atons 15 of said al kyl

or al kenyl are optionally repl aced with O NH NRerr], S, SO or
SJerr], wherein Ris selected fromthe group consisting of

hydr ogen WQ 83/23114 - Clerr])-straight or branched chacrnssyise
(C[err] derr])- - straight or branched chain al kenyl or al kynyl, and

(dJerr]-Cerr]) bridging alkyl wherein said bridging al kyl
forms a het er ocyeikive . ioFg Cet @y ttrrp dbihtth arhdnenohegerchain alkedfylyR err] and

ending with one of t he carbon atons ef sai d al kyl or al kenyl chain,
and wherei n sai #herein anyepdr §bgclcrebppngtiomsopti spakl wlkyiedrt o an Ar 25
group; wherein Ar is an aryl or heteroaryl moiety which

32 VWO 98P3%ENyl are optionally substituted in one or more

PCT/ US97/ 23526 I S substituted or unsubstituted, and
Rlerr] is sel ecP@élﬁl@ﬁl(FheW@ﬁbuEa‘c%nﬁi@tlloﬁd-kml,Aﬁrq @ydloalkenyl, Cerr]
cycloal kyl, CJerr]-Cerr] straight or branched chain 5 al kyl ,

Clerr]- C[érr] spﬁgFﬁﬁﬂlorCBF&ﬁéﬁédoﬁﬁaﬁﬁrapkehyb wberein said C[err] Cerr]
straight or branﬁhed chain al kyl or Caerr Cerr straight or
branched chain & I’Eéﬁ]ryl aMFEle sCYClO lesQEsFVF padikenvdngronpsor e
positions with Ar, amn al o, hal oal kyl, hydroxy,

trlfluoronethyl“r€[8PFf°Efé}V]su?étltUtggrﬁﬂéhthﬁ"bﬁéﬁﬁﬂedccﬂéln al kyl ,
Cerr]-Cerr] stE'na< g E é branched chain al kenyl, carbonyl,
t hi ocar bonyl , eYlre VQFOXtheﬁéP@r hé@Roxbalaﬁkﬁhbxy, cyano, nitro,

I m no, alkylan1 gi oaI sulfhg g t hi oal kyl, sul fonyl,
substituted alkg 8Fa5 RBY r eSter' hicester, alkoxy, alkenoxy,

10 cyano, nitro, imino, alkylamino, aminoalkyl,
sulfhydryl, thioalkyl, sulfonyl, wherein any of the
carbon atoms of said alkyl or alkenyl are optionally
substituted in one or more positions with oxygen to
form a carbonyl, or wherein any of the carbon atoms

15 of said alkyl or alkenyl are optionally replaced
with O, NH, NR., 3, SO, or SO., wherein R_ is
selected from the group consisting of hydrogen, (C.-
C;)-straight or branched chain alkyl, (C,;-C.)-
straight or branched chain alkenyl or alkynyl, and

20 (Cg{;)lbridging alkyl whérein-said bridging alkyl
forms a heterocyclic ring starting with the nitrogen
of NR, and ending with one of the carbon atoms of
said alkyl or alkenvl chain, and wherein said

heterocyclic ring is opticnally fused to an Ar

3]
wn

group:;
wherein Ar is an aryl or heterocaryl moiety which

82
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15 wherein any of the carbon atons of the al kyl or al kenyl are
optionally replaced with S, SO S(Jerr], O or NRerr] wherein R
is selected fromthe group consi sting of hydrogen,

(d err] - QVO29116¢ r aj ght or branched chai n al kyl , PCT/US97/23526
((err]-Clerr])-straight or branched chain 20 al kenyl or al kynyl, and
(dJerr]-Cerr]) bridging al kyl wherein said bridging alkyl forns a
het erocyclic is subsitigusedr birngnsiubls tikateid;r ogen of NRerr] and ending
wi th one of the carbon atons of said -al kyl or al kenyl chain, and
wherei n sai d hetaxdocyclic ring is 25 optionally fused to an Ar group
or (Jerr]-(fer] cycloalkyl. WO 98/ 29116

PCT/ US97/ 23526 R, is selecthd foopothe gfoupatonidstimhesei ArArcis a
cyclic or fused cyclic ring and includes a nono-, bi - or trlcycllc
carbo- or hetereye¥¢koalgt, C,-C Stmheghtnorhbranageﬁscngiﬂer
unsubstltuted or 5 substituted in one to five position(s) wth hal o,
hal oal kyl 2 hydr vl nCeT®s, striaiighdr omebirpnch@derchlai@ ankknyl, or Straight
or branched chai n al kyl, err]-Clerr] straight or branched chain
al kenyl, (err] CCfr tsjtré-ll sy orChgenichedechrin alkyl alckepytoxy, phenoxy,
benzyloxy am no, thiocarbonyl, 10 ester, thioester, cyano, imno,

al kyl am no, Stralahﬁnéélkyﬁncbaﬁfhydnylalkhnyalkyhchamd sul fonyl ;
wherein the individual ring sizes are 5-8 nenbers; wherein the

het erocyclic rlﬁﬁbééhFHFﬁé 1n4°ne or monetE@aat@qns)wséhearedaﬁiﬂﬁ)the
group consi sting 'of or S; wherein aromatic or tertiary alkyl
ani nes are opti ﬂéPryhe%PﬂiEéhrtBVﬁr@6Yre§pbﬁbﬂﬂgom3thya, C.-C.

10 straight or branched chain .alkyl, C.-C, straight or
branched chain alkenyl, carbonyl, thiocarbonyl,
ester, thioester, alkoxy, alkenoxy, cvano, nitro,
imino, alkylamino, aminoalkyl, sulfhydryl,
thiocalkyl, sulfonyl, substituted alkyl or alkenyl

15 wherein any of the carbon atoms of the alkvl or
alkenyl are coptionally replaced with s, sO, so., o,
or NR. wherein R_is selected frcm the grour
consisting of hydrogen, ({C,-C.)-straight or branched
<chain alkyl, (C,-C:)-straight or branched chain

20 alkenyl or alkynyl, and (C;-C;) bridging alkyl
wherein said bridging alkyl forms a heterocyclic
ring starting with the nitrogen of NR, and ending
with one of the carbon atoms ¢f said alkyl or
alkenyl chain, and wherein said heterocyclic ring is

25 cptionally fused te an Ar group cr C,-C. ciycloaikvyi.

83

AR



oxi de. 15. The ccnpound of claim 14, wherein Ar

is 20

sel ected fromthe group consisting of phenyl, benzyl, naphthyl,

pyrrolyl, pyrrolidinyl, pyridinyl, pyri m di.nyl, purinyl,
qui nol i nY¥OQ 9%2%&&i nol i nyl , furyl, thiophenyl, im dBEBUEPTR3SM@Zz0l vl ,

t hi azol yl , _ pyrazolyl, and thienyl. 25 16.
claim 13, wherein the conpound

The conpound of
84

WD 98/ 29116 14. The compound of claim 13, wher®{/ AT 23526
has an affinity for FKBP-type inmunophilins. 17. The conmpound of
cl ai m 16, wher eicycithe BKBPusggecyclic ringnandphntiundesare hdBilp. 5

18. The conmpound of claim 13, wherein the conpound

i nhibits

rot amase enzynebéct pvi tyicyclic, carb@r- orphetewceuclial rimgposition
conprising a 10 neurotrophically effective amount of the compound of

claim 13 and a phereapethecaling ascepthereusawbsbituted or

20. A net hod

of effecting a neuronal activity in an _aninmal, conprising: 15
admi ni stedi ng t 6ubKEisutaAEl 1B ABAr 6Or EpHiecRPsytion(s) withealoe anount of

t he conpound of claim 13.

haloalkyl, hydroxyl, nitro, triflucromethyl, C,-C;

straight or branched chain alkyl, C,-Cs; straight or

branched chain alkenyl, C,-C; alkoxy, C.-C,

7

alkenvloxy, phenoxy, benzyloxy, aminc, thiocarbonyl,

10 ester, thioester, cvano, imino, alkylaminc,

amincalkyl, sulfhydryl, thiocalkyl, ard sulfcnyl;

wherein the individual ring sizes are 5-8 members:

wherein the heterocyclic ring contains 1-4

heteroatom(s) selected from the grcocupr consisting of

15 O, N, or S; wherein aromatic or tertiary alkyl

amines are optionally oxidized to a corresponding N-

oxide.

-15. The ccmpound of claim 14, wherein Ar is

20 selected from the'group coensisting ¢of phenvl,

benzyl, naphthyl, pyrrolyl, pyrrolidinyl, pyridinyl,

pvrimidinyl, purinyl, quinolinyl, isoquinclinyl,

furvl, thiophenyl, imidazolyl, oxazolyl, thiazolyl,

pvrazolyl, and thienyl.

25

id. The compcund of- claim 13, wheresin the ccmpeund

-
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21. The nethod of claim 20, wherein the neuronal activity is

sel ected fromthe group consisting of 20 stinul ati on of danaged
neurons,,ﬁfonntion of neuronal regeneration, prevention of

neur odegeWA2PHR and treatment of neurol ogical - di REFHE$97/2352625

22. The nethod of claim21l, wherein the neur ol ogi cal disorder is
sel ected fromthe group ) 85 WO

98/ 29116 has an affinity for FKBP-type POMIWSHTHPBERS.

consi sting of peripheral neuropathy caused by physi cal injury or

di sease state, physical damage to the brain, physical damage to the
spi nal cord, stroke associated wi th brain damage, and 5

neur ol ogi cal di sbf der TRe| GPRRURS PEFbaBleher dfheein the FKBR3tydhe
met hod of claim 22, wherejn the neur ol ogi cal disorder relating to
neur odegener at i onumPhlJr%n%e?%%t%@ﬂ%m the group consisting of

Al zhei nmer' 10 D sease, Parkinson's D sease, and anyotrophic

| at eral scterosis. 24. A conpound of formula IIl: [err]

18. The compound of claim 13, wherein the compound

inhibits rotamase enzyme activity.

18. A pharmaceutical composition comprising a
10 neurctrophically effective amount of the compound cf

¥

claim 13 and a pharmaceutically acceptable carrier.

20. A method of effecting a neuronal activity in an
animal, comprising:
15 administering to the animal a neurotrophically

effective amount of the compound of claim 13.

21. The method of claim 20, wherein the neuronal
activity is selected from the group consisting of
20 stimulation of damaged neurons, promotion of
neuronal regeneration, prevention of
neurodegeneration and treatment of neurological

disorder.

25 22. The method of claim 21, wherein the

neurological disorder is selected from the group

Tl
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or a pharmaceutically acceptable salt, ester, or 20 sol vat e t hereof,
wher ei n: E, F, and G are independently CHerr], O S, SO SJerr],
NH or NR%&rr , X is either Oor S . Yis a direct bond-to
Z, a (Jer ?P{f‘[%}#f] strai ght or = PCT/USYBE8526

WD 98/ 29116 PCT/ US97/ 23526
branched chain alkyl, or a (Jerr]-Cferr] straight or branched chain
al kenyl, wher ei feR®ysbing hef ebwhetrahmefropathy casial akyl or al kenyl
are optionally substituted in - one or nore positions with am no,

hal 0, hal oal kylPhysEcal injury@botideasstsiate hiphastisoral aldogs tal kenoxy,
cyano, nitro, imno, alkylamno, am noal kyl, sul f hydryl, thioal kyl,
sul fonyl, oxygebhe dP¥adim Physical damdgmiq tive wipsimeiln aomd,of the carbon
atons of said al kyl or alkenyl are optionally replaced with O NH,
10 NR[ err], SErake aysedated widHerairRdandgd,s agal ected from the
group consisting of hydrogen, (Clerr]-Cerr])-straight or branched
chain al kyl, (C#¥9legiga] )diiardemtroatimehdivecheurodegershaitical.kenyl or
al kynyl, and (Cerr]-Cerr]) bridging alkyl wherein said bridging
al kyl forms a heterocyclic 15 ~ring starting with the nitrogen of

NR[ err] and ending with one of the carbon atonms of said al kyl or

al kenyl chain, &hd wH# diethed Phetlaioeyyd i ehanein $he

neurological disorder relating to neurodegeneration
is selected from the group consisting of Alzheimer's
10 Disease, Parkinson's Disease, and amyotrophic

lateral sclerosis.

24. A compound of formula III:

/
E S—Y——~7Z
~
N
15 l l D
X
Q—
| o
R]
III
or a pharmaceutically acceptable salt, ester, cor
20 solvate thereof, wherein:

E, F, and G are independently CH., 0, S, SO, SO.,
NH or NR,;

X is either O or S;

Y is a direct bond-to 2, a C.~C; straight cor

86
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optionally fused to an Ar group; Zis a direct bond, or a
Cerr]-Cerr] straight or branched 20 chain alkyl, or a (Jerr]-Cerr]
straight or branched chain al kenyl , wherein. any of the carbon atons
of said WO98129116| kyl or al kenyl are optionally substitut e®@CIFAISmR3I526

or nore positions with am no, halo, haloal kyl, t hi ocarbonyl, ester
t hi oester, al koxy, al kenoxy, 25 cyano, nitro, imno, alkylamno,

am noal kyl , branchdd ohariyd a]ﬂcmloalolryla Csttf araighty @an drardciied a

87 WD 98/ 29116

PCT/ US97/ 23526 chain alkegwribonflexredm whar eifn they cairbbhe atamlgon fat ons of
sai d al kyl or al kenyl are optionally replaced with O NH

NRlerr], S, SO s@ids@lékv]] onmedikeinylRager ppitdogelldyt edbstatutkd in

group consisting of hydrogen, ((err]-Clerr])-straight or 5 branched
chain al kyl, (Clogver JoxCmene postittdiogist wdithbradokedhalo, haloahkiyh,al kenyl or
al kynyl , and (C[err]-C[err]) bridgi ng al kyl wherein said bridging
al kyl forrs a hdthdromapbdnyl, ester, thigestarti adkaxkyh th&enbkyegen of

NR[ err] and endi ng with one of the carbon atons of said al kyl or
10 al kenyl @v&ne, mr\ﬁherléiwosaladkPYéta@né)@ycIamcnpaligyis

optionally fused to an Ar group C and D are independently:
hydrogen,  Ar, Csevifhycizarl,] ticsldml  osutanshed osigen to form al kyl, or
Cerr]- C[err] straight or branched chain al kenyl, 15 wherei n any of
the carbon at omsagosyild Akyihegiein any Ofartlbény‘-larépé éfemsnak| gaid
substituted in omne or nore 03|t|on&s) with err]-Cferr]

cycl oal kyl , C[e@ﬂkya(gq]ayﬁgﬂy&a@g@hyptlona ly replaced with O, NH,

10 NR., S, SO, cr SO., wherein R. is selected from the
group consisting of hydrogen, {(C,~C;)-straight or
branched chain alkyl, (C,-C;)-straight or branched
chain alkenyl or alkynyl, and (C,~C,) bridging alkyl
wherein saild bridging alkyl forms a heterocyclic

15 ring starting with the nitrogen ¢f NR, and ending
with one of the carbon atoms of said alkvl or
alkenvl chain, and wherein said heterocyclic ring is
optionally fused to an Rr group;

Z is a direct bond, or a C.-C; straight or branched

20 chain alkyl, or a C.,-C; straight or branched chain
alkenyl, wherein any of the carbon atoms of said
alkyl or alkenvl are optionally substituted in one
or more positions with aminc, halo, haloalkyl,

thiocarbeonyl, ester, thioester, alkoxy, alkencxy,

~N
i

cyano, nitrc, imino, alkylamiro, aminoalkyl,
sulfhvdryl, thioalkwyl, sulfonyl, oxygen to form a

-

R 0
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hydr oxyl , carbonyl oxygen, or Ar, wherein said al kyl , al kenyl ,
cycl oal kyl or cycl oal kenyl groups 20 are optionally substituted with
Cerr]-Cerr] alkyl, Cerr]-Cerr] al kenyl , . hydroxy, am no, hal o,
hal oal kyIWO 98229116  t hi ocar bonyl, ester, thioester, alkoxy, Parhmspmase

cyano, nitro, imno, alkylam no, am noal kyl, sul f hydryl, thioal kyl,
sul fonyl, wherein any of the 25 carbon atons of said al kyl or al kenyl
are opti onal | y carbonylsubst whetedni anynefothavéSrﬁﬁﬁl btemns ¥kt Ba9¥ygen to
88 WD 98/ 29116

PCT/ US97/ 23526 alkyl or afl&emya aaebopyhpnan1yheépmcaayw@f:htb¢ [as bon

at ons of said al kyl or alkenyl are optionally replaced

with 0, NH, NR &R:},SS, SS0 00rsGQ ehereinhds el SEbscted Sfrom the Sel ected
fromthe group consisting of hydrogen, ((err]- 5 Cerr])-straight or
branched chai n @ireyp, coBsésting] efr hydrogen, (C,~,)asgbtightbeanched chain
al kenyl or al kynyl, and (dJerr]-Cerr]) bridging alkyl wherein
sai d brid@ ng abkgnched chainfelkyla l6ijel0eptiradéghtngrsbaahcAgdwi th the

ni trogen of NR[err] and ending with one of the carbon atons of 10
said al kyl or akckedpl adkenhwl andabkgngin sadd(C,-C,) briletagoayelic ring is
optionally fused to an Ar group; wherein Ar is an aryl
or heteroaryl nbherginhisghd bridgingi slkubsformsed betensopsiituted; 15
and Rlerr] is selected fromthe group consisting of Ar, Cferr]-
Cerr] cycl oal kFEngcE&rrFiaperithsthai ghtrogebraficliRd aslthiending al kyl ,

Clerr]-Cerr] straight or branched chain al kenyl, or
with one of the carbon atoms of said alkyl or

10 alkenyl chain, and wherein said heterocyclic ring is
opticnally fused to.an Ar group:;
C and D are independently:
hydrogen, Ar, C,-C. straight or branched chain
alkyl, or C.-C; straight or branched chain alkenyl,
15 wherein any of the carbon atoms of said alkyl or
alkenvl are opticnally substituted in one or mcre
position(s) with C,-C, cyclsalkyl, C.-C- cvcloalkenyl,
hydroxyl, carbonyl oxygen, or Ar, wherein said
-alkyl, alkenyl, cycloalkyl or cycloalkenyl groups
20 are optionally substituted with C,-C; alkyl, C_-C.
alkenyl, hydroxy, amino, halo, haioalkyl,
thiocarbenyl, ester, thioester, alkoxy, alkenoxy,
cyaho, nitro, imino, alkylamino, aminoalkyl,

sulfhydryl, thioalkyl, sulfonyl, wherein any of the

N
(&}

carbon atoms c¢f said alkyl or alkenyl are coptisnaily
substituted in one or more positiens with oxygen to

£8

W



Cerr]-Cerr] straight or branched chain alkyl or (Jerr]-Cerr] 20

strai ght or branched chain al kenyl which is substituted in one or
nore posi{jons.with Ar, am no, hal o, hal oal-kyl, hydroxy,
trifluoro %9,11 err]-Clerr] strai ght or br ancheBCEWéPW-”élﬂ(yl ,
Cerr]-Cerr] straight or branched chai n al kenyl, carbonyl,

t hi ocarbonyl, 25 ester, thioester, alkoxy, alkenoxy, cyano, nitro,

i mi no, al kyl ani n§°TBnPn6&FRGRYLsuPEhYBRYRin aby of the carbon atoms

89 WD 98/ 29116 .

PCT/ US97/ 23526 ©f said alkybapkyplkenvioaye, optibenailyedeplayedor al kenyl
wherein any of the carbon atqons of the al kyl or al kenyl are
optional Iy repl atlé§™wPr nNE, ¥gy, o &394 0%, S0:, whereipr RNR®rr] wherein
Rlerr] is selected fron1tge rou 5 consi sting of hydrogen,
(err]-derr])- SELEFGRE FO‘gr Ehghgawp consisghpgnofl kydrogen, (C,-
(derr]-Cerr])-gstraight, qr, branched chain al kenyl or al kynyl, and
(C[err]-C[grr]) gfh@‘?ﬁ?glgg}%ﬁr ‘branched g pldanld biGadGidng al kyl forns a
het er ocyclic . ﬁ'n starting with the nitrogen of NR err] and ending
10 with one SFFRhHE tagﬁoﬁr%?ﬁ dofhainpgalkeyylopr alkynyl, adnanyl

chai n, and whereipn said, het.erocyclic.ri IS ) .optionally fused to
an Ar group or Cfgffﬁ)CFEFP?lEchékV&nggreln saild bpidging ebkpbund of

cl aim 24, mhereig Ar is ? 15 lC%C|iC or fused cyclic ring and includes
a nono-, BFMSof REFRIRFYCLiCarHRY BrahkiRy otiEhiehe imigtrogen
wherein the ring_ts,githe uQPubstLt ted or . substituted in one to
five position(s)o .yﬁzﬁgrgfn ing with one of the carbon atoms of

10 said alkyl or alkenyl chain, and wherein said
heterocyclic ring is optionally fused to an Ar
group;

wherein Ar is an aryl or heteroarvl moiety which
is substituted or unsubstituted;

15 and

R, is selected from the group consisting of Ar, C;-
C. cycloalkyl, C.-C. straight or branched chain
alkyl, C-C; straight or branched chain alkenvl, or
.C,~C; straight or branched chain alkyl or C,-C.

20 straight or branched chain alkenyl which is
substituted in one or more positions with Ar, amino,
halo, haloalkyl, hydroxy, trifluoromethyl, C,~-C,
straight or branched chain aikyl, C.-C.; straight or
branched chain alkenyl, carbonyl, thiocarbonvl,

25 ester, thiocester, alkoxy, alkenéxy, cyano, nitro,
imino, alkylamino, aminoalkyl, sulfhydrvi,

-
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hal oal kyl , hydroxyl, nitro, trifluoronethyl, Cerr]-Clerr] 20 strai ght
or branched chain alkyl, Cerr]-Cerr] straight or branched chain
al kenyl, Cerr]-Cerr] alkoxy, (err]-Cerr] . al kenyl oxy, phenoxy,
benzyl oxyWO&BR#MA6 t hi ocar bonyl , ester, -t hioester, BERUSI7I/2I5R60,

al kyl am no, am noal kyl, sul fhydryl, thioal kyl, and sulfonyl; 25
wherein the individual ring sizes are 5-8 nenbers; wherei n the

heterocyclic ringicegins ski4onyl, substituted alkyl 90
WO 98/ 29116 -- p&T DBo37 55854
het eroat on(s) selmnieith fanmyMmoifhahgr edRpbeaNsiktshksNg fO0the alxyr $ N OF S

wherein aromatic or tertiary al kyl am nes are optyonafly oxi di zed

to a correspondialkedyl are optdxnd@ly replaced %9tnhTBe sgnpgynd Hf claim
25, wherein Ar is sel ected fromthe group consisting uf ghenyl,

benzyl, naphthylor piR,r ehgkeinyRs ds ddldctery frdithe group PY'i mdinyl,
purinyl, quinolinyl, isoquinolinyl, 10 furyl, thiophgnyl, I m dazel yl ,
oxazolyl, & hi azaoplsisting of hydangewl, (apdchPise¥light or brancRéaq The
conpound of claim 24, wherein the conpound has an affinity for
FKBP-t ype i munalaiilni mekyll5 (C,~C;) ~st2Bighite ccoBraudecal cghahm 27, wherein
t he FKBP-type I mmunophi lins are FKBP12. -

alkenyl or alkynyl, and (C,~C,) bridging alkyl

wherein said bridging alkyl forms a heterocyclic

ring starting with the nitrogen of NR, and ending

10 with one of the carbon atoms of said alkyl or
alkenyl chain, and wherein said heterocvclic ring is

optionally fused to an Ar group or C,-C, cycloalkyl.

25. The compound of claim 24, wherein Ar is a

15 cvclic or fused cyclic ring and includes a mono-,
bi- or tricyclic, carbo- or heterocyclic ring,
wherein the ring is either unsubstituted or
substituted in one to five position(s) with halo,
haloalkyl, hydroxyl, nitro, trifluoromethyl, C.-C.

20 straight or branched chain alkyl, C,-C, straight or
branched chain alkenyl, C,-Cs alkoxy, C.-Cq
alkenyloxy, phenoxy, benzyloxy, amino, thiocarbonyl,
ester, thicester, cvano, imino, alkylamino,
aminoalkyl, sulfhvdryl, thioalkyl, and sulfonvl:

wherein the individual ring sizes are 5-8 members:;

[N
v

wherein the heterocyclic ring contains 1-4

90
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29. The compound of claim 24, wherein the conpound 20 inhibits
rotamase enzyne activity. 30. A pharnmaceutical conposition
conprising a neurotrophically effective anount of the compound of
cl ai m 24 WRP8@9HK¥ar naceutically acceptable carrier. 25 PCT/USB3526A
met hod of effecting a neuronal activity in an

91 WO 98/ 29116 o . . PCT/ US97/ 23526
ani mal , conprisi Agterocatom(s) 8€dUkBtedetid tRet§Lo@P BBhsPsting of
neurotrophically ef fecti ve amount of the”conpound o c?%|n124:

5 32. The methnd ot sawReBdinWaebRhbiéhernesredaly alkyl activity is
selected fromthe group consisting of stinmul ati on of” damaged
neurons, pronoti amifés are optDEHADDRl ok EYENEH aLH 08, cHF LY EPEN QM N~

neur odegeneration and treatnment of neurological 10 di sorder”

33. The nethod obxtdaim 32, wherein the neur ol ogi cal disorder is
sel ected fromthe group consi sting of peripheral neuropathy caused
by 15 physi cal injury or disease state, physical damage to t he
brain, physical danage to the spinal cord, stroke associated with

brai n damage, an#lé. The comptohdgbfatldimoRsiprwkhelr@imngrt s
neur odegener ati on.
selected from the group consisting of phenyl,
benzyl, naphthyl, pyrrolyl, pyrrolidinyl, pyridinyl,
pyrimidinyl, purinyl, quinolinyl, isoquinolinyl,
10 furvl, thiophenvyl, imidazolyl, oxazolyl, thiazolyl,

pyrazolyl, and thienyl.

27. The compound cf claim 24, wherein the compourd
has an affinity fer FKBP-type immuncphilins.

15
28. The compound of claim 27, Wherein the FXBP-tvpe

immunophilins are FK3P1l2.

-29. The compound of claim 24, wherein the compound

20 inhibits rotamase enzyme activity.

30. A pharmaceutical composition comprising a
neurotrophically effective amount of the compound of

claim 24 and a pharmaceutically acceptable carrierx.

N
n

31. - A method of effecting a neuronal activity in an

+ € L M S * '
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20 34. The method of claim33, wherein the neur ol ogi cal

di sorder relating to neurodegeneration Is selected fromthe group
consi sting of Alzheinmer's D sease, Parkinson's Di sease, and

anyot r ophwe 98/29116 | ateral sclerosis. 25 35. A comusmadinng
formula I'V: 92 WD 98/ 29116

PCT/ US97/ 23526 [err] 5 or a pharmaceutically acceptable
salt, ester, or animal, SHp@iSidhereof, wherein: nis 1l 2or 3
formng a 5-7 menber heterocyclic . ring; X is either O or
S, 10 Yis [ 15 i ghty .or

branched chai n al ké‘?ﬁifg$§ge%ﬂg§r%§’cﬁ? %I%nﬁgi%%&%ﬁa%%r@h%}lyo chain

al kenyl, wher ei ne #fWc©fvd RO UF A edMpound of SQ@lith 3lgkyl or al kenyl

are optionally substituted in one or nore positions with am no,
hal o, hal oal kyl, 15 t hi ocarbonyl, ester, thioester, al koxy, alkenoxy,
5 32. The method of claim 31, wherein the neuronal

activity is selected from the group consisting of
stimulation of damaged neurons, promotion of
neuronal regeneration, prevention of

neurodegeneration and treatment of neurological

10 disorder.

33. The method of claim 32, wherein the
neurological disorder is selected from the group
consisting of peripheral neuropathy caused by

15 physical injury or disease state, physical damage to
the brain, phyvsical damage to the spinal cozrd,
stroke associated with brain damage, and

neurological disorder relating to neurocdegeneration.

20 34. THe method of claim 33, wherein the
neurological disorder relating to neurodegeneration
is selected from the group ccnsisting of Alzheimer's
Disease, Parkinson's Disease, and amyctrcphic
lateral sclerosis.

25

35. - A compound of formula IV:

92
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cyano, nitro, imno, alkylam no, am noal kyl, sul f hydryl, thioal kyl,

sul fonyl, oxygen to forma carbonyl, or wherein any of the carbon
atons of gaid al kyl or al kenyl are optionally replaced with O NH,
20 NRPMP 182918 SO or SO err], wherein Rlerr] is sel ect BET/USHI2ISEE
group consisting of hydrogen, ((err]-Cerr])-straight or br anched
chain alkyl, ((err]-Cerr])-straight or branched chai n al kenyl or
al kynyl, and (Cerr]-Clerr]) brid %&ggalkyl . wher ein said bridging
al kyl fornms a heterocyclic " r/ 93 WO
98/ 29116 Zi S—Y / US97/ 23526

ring starting wwth the nitrogen of NNR elff] and endin wi th one of

t he carbon atons of said al kyl or J { al kenyl charR, and wherein said
het erocyclic ring is optionally jfused to an Ar group; 5 Z
is a direct bond, or a (Jerr] S]Qtrai ght or branched chain
alkyl, or a (Jerr]-C[err] straight |or “©ranched chai n al kenyl ,
wherein any of the carbon atons ofRﬁaid - alkyl or alkenyl are
optionally substituted in one or nore positions with am no, halo,
hal oal kyl, 10 t hi ocar bonyl, ester, t?ivoest er, al koxy, al kenoxy,

cyano, nitro, imno, alkylam no, am noal kyl", sul f hydryl, thioal kyl,

ST onYl  §Y9CTokOa' Bl ucapc ey Y DEDML BT IET €1 20, o Lhe carbon
é?oup 2&%2{2%5nsé%$£%§§;%g%%?g%%igﬁgfégégrSgﬁr;%r;?gﬁflgftEd fron]L?:nched
chain al kyl, (C[erﬁ]19[?Erb)6§t5akgpﬁi85 Branshed per heterocyclic
ring;
X is either O or S;
10 Y is a direct bond to Z, a C,~-C; straight or
branched chain alkyl, or a C,-C, straight or branched
chain alkenyl, wherein any of the carbon atoms of
said alkyl or alkenvl are optionally substitutad in
one or more positions with amino, halo, haloalkyl,
15 thiocarbonyl, ester, thioester, alkoxy, alkenoxy,
cyano, nitro, imino, alkylamino, aminoalkyl,
.sulfhydryl,.thioalkyl, sulfonyl, oxvgen to form a
carbonvl, or wherein any of the carbon atoms of said
alkyl or alkenyl are optionally replaced with O, NH,
20 NR., S, SO, or SO,, wherein R. is selected from the
group consisting of hvdrogen, (C,-C;)-straight or
branched chain alkyl, (C.-C.)-straight cr branched
chain alkenyl or alkynyl, and (C,-C,) bridging alkvl

wherein said bridging alkyl forms a heterocyclic

93
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chain al kenyl or alkynyl, and (C[err]-Clerr]) bridging alkyl

wherein said bridging alkyl forns a heterocyclic 20 ring starting with
the nitrogen of NRerr] and endi ng with one of the carbon atons of
sai d al ky¥O8§/29116 al kenyl chain, and wherein said het ePEESPTR35R6 ng i s
optionally fused to an Ar group; C and D are independently: 25
hydrogen, Ar, (err]-Cerr] straight or branched chain al kyl, or

Clerr]-Clerr] siimggétapting antfieditdaiitdde@WE NR, and ending

94 WD 98/ 29116 .

PCT/ US97/ 23526 with one of\heie@idriiyn aftdme eRrom aflnE oy said al kyl or

al kenyl are optionally substituted in one or nore position(s) with

Clerr]-Clerr] cytkemykythaidferand Gilesrdircysd ihlhettacyclic rind My oxyl ,
car bonyl oxygen, or Ar, wherein said 5 al kyl, al kenyl, cycloal kyl or
cycl oal kenyl groppsonally fused ec@pin dhaldsowubstituted with C(err]-Cerr]
alkyl, Cerr]-Cerr] al kenyl , hydroxy, am no, hal o, hal oal kyl,
t hi ocar boByl , est®risthi dibséet,bahdipxgr al @exgtraight or By&néhedi tro,
i mno, alkylamno, am noalkyl, 10 sul fhydryl, thioal kyl, sulfonyl,
wherei n any of ¢iein alkyl, carddl-8%ostraiglsaior abkyhcloed adlkeiryl are
optionally substituted in one or nore positions with oxygen to
forma carbonylalkenyherdieraity aiy tdfe tee brarkadrorstons of saiaf sai d al kyl
or al kenyl are optionally replaced 15 with O, NH, NRerr], S, SO or
SJerr], whereialiRkrof akkenyl are swpteireal ¥y amldis tyrtadg igomsiest i ng of
hydr ogen, (([err]- _(ferr])-straight or branched chain alkyl,
(CJerr]-Cerr])er more posifidamtwith BAmimchedhalwi rhaldedisdl,or al kynyl, and
10 thiocarbonyl, ester, thioester, alkoxy, alkenoxy,
cyano, nitro, imino, alkylamino, aminoalkyl,
- sulfhydryl, thioalkyl, sulfonyl, oxygen to form a
carbonyl, or wherein ahy of the carbon atoms cf said
alkyl or alkenyl are optionally replaced with O, NH,
15 NR., S, SO, or S0., wherein R. is selected from the
group consisting of hydrogen, (C.,-C.)-straight or
branched chain alkyl, (C,-C.)-straight or branched
chain alkenvl or alkynyl, and (C,~-C.) bridgirg alkyl
wherein said bridging alkyl forms a heterocyclic
20 ring starting with the nitrogen of NR. and ending
with one of the carbon atoms of said alkyl or
alkenyl chain, and wherein said heterocyclic ring is

optionally fused tc an Ar group;

C and D are independently:

Ny
w

hydrogen, Ar, C.-C; straight or branched chain
alkvl, or £ -C. straight or branched chain alkenyl,

%4
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(derr]-Cderr]) bridging al kyl wherein said bridging al kyl 20 forns a
heterocyclic ring starting with the nitrogen of NR[err] and ending
with one \gi) tsBSu(éar bon atons of said al kyl or al kenyl chain, and
wherein saPd heterocyclic ring is optionally fused RGI/E$P7RB526
group; 25 wherein Ar is an aryl or heteroaryl noiety which

IS substituted or unsubstituted, 95
VO 98/ 29116 wherein any of the carbon atoms of said RAKWISSE 23526

and Rlerr] is selected fromthe group consisting of Ar, Cerr]-
Clerr] cycl oal kyAlkemwy @regentionalla ghibsori twtak Hed otfedior more al kyl ,
Cerr]-Cerr] straight or branched chain al kenyl, or 5 Cerr]-Cerr]
straight or bra amelist &l Grigeyeloakyy] Cs-C, cycledlledmyt, or
branched chain alkenyl whi ch is substituted in one or nore
positions wth AYIEgH¥o, Carbonyl FAIER h@rofrky Whelredmnosyid
trlfluorogfthyl err]-Clerr] strai ght or branched chain al kyl,
Cerr]-detr] starl%yglh enyd  CYPoaddivdd orhaivie lolakdeplyl gaobpsy! |,

t hi ocar bonyl, ester, thioester, alkoxy, alkenoxy, cyano, nitro,

i mi no, aIkyIamﬁ‘5e ﬁmqﬁQBQ%ﬁ sipsEFRtEd with C,-Cy taHikyal kyd.-Csul f onyl |
substituted aIkyI wherein any of the carbon at ons of

t he aIkyI or 1§ keny; §ﬁ§F°§Wé éﬂ@@@hamﬁ%oneﬁﬁé@@dkwﬂbh S, SO Sderr],

0] g&err mhereln Rlerr] .i.s selected fromthe group
consi sti ng of h} 8§@ﬁ OPéﬂerFFtéFérFP¥°§§F&thPl$PXNPaﬁékedoxy, chai n
al kyl , err err ral t .or branched chain

y (d I- Cb ro,Qleno, %ky lamino, aminoalkyl,

10 sulfhydryl, thioalkyl, sulfonvl, wherain any of the
carbon atoms of said alkyl or alkenyl are opticnally
substituted in one or more positions with oxygen to
form a carbonyl, or wherein any of the carben atoms
of said alkyl or alkenyl are optionally replaced

15 with O, NH, NR,, S, SO, or ‘SO., wherein R. is
selected from the group consisting of hydrogen, (C,-
C:)-straight or branched chain alkyl, (C,-C.)-
straight or branched chain alkenyl cor alkynyl, and
-(Cy=C;) bridging alkyl wherein said bridging alkyl

20 forms a heterocyclic ring Starting with the nitrogen
of NR, and ending with one of the carbon atoms of
said alkyl or alkenyl chain, and wherein said

heterocyclic ring is optionally fused tc an Ar

group;

48]
wn

wherein Ar is an aryl or heteroaryl moietyv which

is substituted or unsubstituted;

g



al kenyl or alkynyl, and (Clerr]-Clerr]) bridging alkyl 20 wherein said
bridging al kyl fornms a heterocyclic ring starting wwth the nitrogen
of NR[err] and endi ng with one of the carbon atons of said al kyl or
al kenyl cWRMW2986d wherein said heterocyclic ring is PCTIU$97028586! Y
fused to an Ar group or (Jerr]-Clerr] cycloalkyl. 25 36. The
conpound of -claim 35, wherein Ar is a 96

WD 98/ 29116 and PCT/ US97/ 23526

cyclic or fused cyclic ring and includes a nono- , bi - or
tricyclic, carbo- 8;i hetszboyodd cframghe group cosheliihd R mNgd. s either
unsubstituted or substituted in one to five position(s) wth hal o,
5 hal oal kyl , ChyatrabodLkydi,t 1G;-Ct rs frtaicytometh\Hrandeyd Jehdiey I
straight or branched chain alkyl, Clerr]-Clerr] straight or
branched chai n apkbwy} , CCCer straieht] onl koagchéfiecid 1 6] £1%kdnyl, or
al kenyl oxy, phenoxy, benzyl oxy, am no, thiocarbonyl, ) ester,
t hi oester, Scyano?z'icm Aéraaghyl emi hoanched chaimnahipl kyt,csa@,f hydryl,
t hi oal kyl, and sul fonyl; wherein the individual ring sizes are 5-8
menbers; stimbglet o¥ Herarehedcsirain aikepomtaiats ils 4
het eroat on(s) sel ected fromthe group consisting of O N or S
wher ei n aromat i cSePSEEFeted yim|qye or mpre pomitiemsane Wptimnaldinegxi di zed
to a correspondi ng. N oxi de. - 37. The conpound of claim
36, wherein Ar ‘iRkdlo, haloalkyl, hydroxy, trifluoromethyl, C.-C,
straight or branched chain alkyl, C,-C, straight or
10 branched chain alkenyl, carbonyl, thiocarbonyl,
ester, thioester, alkoxy, alkenoxy, cyano, ritro,
imino, alkylamino, aminoalkvl, sulfhydryl,
thioalkyl, sulfonyl, substituted alkyl or alkenyl
wherein any of the carbon atoms of the alkyl or
15 alkenyl are optionally replaced with S, SO, S0., 0O,
or NR, wherein R. is selected from the group
censisting of hydrogen, (C,-C.)-straight or branched
chain alkyl, (C,-C,)-straight or branched chzin
-alkenyl or alkynyl, and (C,-C;) bridging alkyl
20 wherein said bridging alkyl forms a heterocyclic
ring starting with the nitrogen of NR, and ending
with one of the carbon atoms of said alkyl or
alkenyl chain, and wherein said heterocvclic ring is
optionally fused to an Ar group or C,-C. cvclcalkyl.

25

36. . The compound of- claim 35, wherein Ar is a

[T



selected fromthe group consisting of phenyl, 20 benzyl, naphthyl,

pyrrolyl, pyrrolidinyl, pyridinyl, pyrimdinyl, purinyl,

qui nol i nyl, isoquinolinyl, furyl, thiophenyl, im dazol

oxazol yl ¥Vq ?ﬂ”a?i& yl, pyrazol yl, and thienyl. ZBCTmsgg%’.S“ The
conpound of claim 35, wherein the conpound has an affinity for
- FKBP-t ype i mmunophilins. 97

98/ 29116 cyclic or fused cyclic ring andpPQr¢lis9gs 28586no-,

The conmpound of cl aim 38, wherein the FKBP-t

FKBP12.

i nhibits rotamase enzyne activity. )
conposi ti on conpvheragnathe ring hauebthephueanbytititedioe amount of the

claim 35 and a pharmaceutically acceptable carrier.
42. A method of 8@pstirnged h@u@@ﬁaE

conpound

conpri si

of

ng:

] . ; pe .
b1409rTh§l@bﬁbbGndCé¥b@faPﬁ1gﬁtemheyelnCthEn@anound
41. A pharnmaceuti cal

cafiveipgsibiom(s) with haloml
adm nistering to the animal a neurotrophically

WO

39.

i mmunophilins are

5

10

ef fective armpuntbhalodhkytonpydrexyt, chafFreastrifbuoromethyy3d.C-Hee net hod of

claim 42, wherein the neuronal
consi sting of

10

15

20

straightof| Rrrpehed eRpbBedlkElr oks Csprbaaivbh of
branched chain alkenyl, C,-C; alkoxy, C,-C,
alkenyloxy, phenoxy, benzyloxy, amino, thiocarbonyl,
éster, thicester, cvano, imino, alkylamino,
aminoalkyl, sulfhydryl, thioalkyl, and sulfonyl:
wherein the individual ring sizes are 5-8 members;
wherein the heterocyclic ring contains 1-4
heterocatom(s) selected from the group consisting of
O, N, cr S; wherein aromatic or tertiary alkyl

amines are optionally oxidized to a ccrresponding N-

oxide.

37. The compound of claim-36, wherein Ar is

. selected from the group consisting of phenvl,

benzyl, naphthyl, pyrrolyl, pyrrolidinyl, pyridinyl,
pyrimidinyl, purinyl, quinolinyl, isoquinolinyl,
furvl, thiophenyl, imidazolyl, oxazclyl, thiaéolyl,

pyrazolyl, and thienyl.

38. The compound c¢f claim 35S, wherein the compound

has.an affinity for -FKBP-type immunophilins.

-~

-
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neuronal regeneration, prevention of 20 neur odegenerati on and

treat nent of neurol ogical di sorder. 44. The net hod of
claim43, wherein the neur ol ogi cal disorder is selected fromthe
group 25vo9srmaasi sting of peripheral neuropathy caused bycrrusernasze
physical injury or disease state, physical danmage to

98 WD 98/ 29116 PCT/ US97/ 23526

the brain, physiss) dR@Qsisie SPIALCOE), uhersinSkhekexBBeagpated with
brai n damage, and neurol ogi cal .di sorder relating t

neur odegener at i oimunoghilin#tare HxpEt hod of cl ai m 44, V\,herel n the
neur ol ogi cal disorder relating to neurodegeneration Is selected from
the group consisting of Al zheiner's D sease, Parkinson's Di sease, and
anyot r ophi c | ateral sclerosis. 10 46. A process for preparing

a conmpound of Forowl a&rhe comgound ,of IdLaied 3sY, WM@ﬁéHnCQHBrbéﬁﬁound
contacting a conpound of structure (a) [err] (a) th a
conpound of str uinfhikei {d)rotamase. enzyme activity.

41. A pharmaceutical composition comprising a
neurotrophically effective amount of the compound of
ciaim 35 and a pharmaceutically'acceptable carrier.
10
42. A method of effecting a neuronal activity in an
animal, comprising:
administering tc the animal a neurotrophically
effective amount of the compound of claim 35.
15 ' |
43. The methcd of claim 42, wherein the neuronal
activity is selected from the group consisting of
stimulation of damaged neurons, promotion of
-neuroﬁal regeneration, prevention of

20 neurodegeneration and treatment of neurological

disorder.

44, The method of claim 43, wherein the

neurological disorder is selected from the group

n

consisting of peripheral neuropathy caused by

(38

physical injury or disease state, physical damage to

- o8
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[err] HS-R (b) wherein said contacting
results in a conpound of Formula I, I, Il1, or IV 47. A
process for preparing a conpound of For mul a l-, éT or 1V, which
conpri seWO98/29116  contacting a conpound of structure (a) 1US97/23526

99 WO 98/ 29116

PCT/ US97/ 23526 [err] Q | a conpound of
structure (b), Ekﬁrﬁraln' physical damag anthef?plnalWﬁ@¥%ln sai d

contacting results in a conpound of Forpul a | 11, or IV.
g stroke assoéggte w1th brain Jnlage, and

neurological disorder relating to neurodegeneration.

5 45. The method of claim 44, wherein the
neurological disorder relating to neurocdegeneration
is selected from the group consisting of Alzheimer's
Disease, Parkinson's Disease, and amyotrophic
lateral sclerosis.
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46. A process for preparing a compound of Formula
I, II, III, or IV, which comprises:

contacting a compound of structure (a)

(X oo
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{(a})

) R]
15 with a compound of structure (b},

HS—R ®

wherein said contacting results in a compound of
Formula I, II, III, or IV.
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47. A process for preparing a compound of Formula
I, II, III, cr IV, which comprises

contacting a compound of structure (a)

99

t\\l\l\\\\\l\tlll\\\\l\l\\\II\



100

WO 9829116 ) PCT/US97/23526

(X
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with a compound of structure (b),

H
R1

wherein said contacting results in a compound of

Formula I, II, III, or IV.
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