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CORMPOUNDS, COMPOSITIONS, AND METHODS FOR

STIMULATING NEURONAL GROWTH AND ELONGATION

CROSS-REFERENCED TG RELATEDR APPLICATION:

This application claims prorily from U.S. Provisional Application No.
60/168,246 [iled Decernber 1, 1999,

TECHNICAL FIELD AND INDUSTRIAL APPLICABILITY OF THE
INVENTION;

The present invention relates to methods and pharmaceutical compaunds and
compositions for stimulating neurite outgrowth in nerve cells leading to nerve
regeneration. For example, the compositions comprise compounds that inhibit the
peptidyl-pralyl isoierase (rotamase) enzyme aclivity associated with the FK-506
binding proteins (FKBI'}, such as FKBP 12 and FEBP 52, The methods comprise
trealing nerve cells with compasitions comprising the rotantasc-mhibiting compound.
The ruethods of the inveation can be used 10 promote repair of neuranal damage
caused by disease or physical rauma.

BACKGROUND OF THE INVENTION:

Immunophiling are a family of soluble proteins that serve as receptors for
Jmportapt immunosuppressant diugs sucl as cyclosporin A, FK-300 and rapamycin, ©
Az immunophilin of particular interest are the FK-506 binding proteins {FKBP). For a
review of the role of immunophilins in the nervous system, see Solomon et al..
“Tmmuncphilins and the Nervous System,” Nature Med. . 1(1), 32-37 (1995).

The 12-kiloDalton FR-506 hinding protein, FKBP12, binds FK-506 with high
aflinity., Such binding has been directly measured using micracalorimetry and
radiolabsled FK-506, ¢.g., [*Hjdihydm-FE 506 (sce Sickierka et 21, Nature, 341,

755-57 (1989); and U.S. Patent No. 5,696,135 to Steiner et al.) and 32-[1-"'C]-

JP 2004-500355 A 2004.1.8
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henzoy [FK-506 (see Harding et al, Nature, 341, 758-60 (19R9)). Binding alfinity of
othier compounds for FKBP can be determined divectly by microcalatimetry or fiom
competitive binding assays using either trittated or *C-labelled FK-506, ag described
by Siekierka et al. nr Harding et al.

FE-506-binding protein FK.BP12 participates in a variety of significant
cellular functions. FKBP 12 catalyzes cis-trans isomerization of peplidyl-prolyl
linkages. This peplidyl-prolyl isomerasc enzyme activity is also referrad to as
rotamase activity. Such activity is readily assayed by methods known tn the art (sze
Fischer el al., Biochim. Biophys. Acta 791, 87 (1984} Fischer ct al., Binmed. Biochim,
Acta 43, 1101 [1984); und Fischer ot al., Nature 337, 476-478 (198%9)). U.5. Patenr
WNos. 5,192,773 and 5.330.993 to Armistead et al. report FKBP binding afRnities that
were correlated wilh rotamase-mhibiting actividies for many compounds.

FK-506 and compounds thal bind FKBP competitively with FKBP stimulate
auigrowth ol neurites {axons) in nerve cells (see U S. Patent No. 5,696,135 to Steiner
et al.). Lyons et al. (Proc. Madl. Acad. Sci, USA, 91, 5191-95 (1994)) dermomstrated
that FK-306 acts to enftance or potentiate the cffecliveness of norve growth fuctor
(MNGE) in stimulating neurite outgrowth in a rat pheachremacyloma cell fine. The
mechanism of spmudation of such neurite ourgrowth appears to be 10- to 100-fold
potentiation of the action of nerve growth factor.

Potency for inhibition ¢f the peptidyl-prolyl jsamerase (rotamase) enzyme
activity of FKBP by FK-500, and by compounds that competitively inhibit FK-506
hinding to FKBP, empirically comelates with activity for stimulalion of nsunite
outgrowth. Because of the close comelation hehwesn rotamase inhibition and
neurotraphic action, it has been proposed that the xotamase may convert & protein

substrate inro & foro that promotes neural arowth (see U.S. Patent No. 5,696,1535).

JP 2004-500355 A 2004.1.8
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For exampie, it has been found that FKBP12 fonns hound eomplexes with the
tniracellular caleiwn ion channels—the rvinodine receptor {RyR) and the inositol
1,4,5-triphasphate receptor (TPsR) (Jayaraman et al., J. Biel Chem., 267, 94749477
(1992); Cameron e1al, Frac. Nad, dead Soi, US4, 92, 1784-1788 (1995)), helping o
stabilize calehum release. For both the RyR and the TP3R, it has been demonstrated
that FE-306 and rapamycin are capable of dissociating FKBP12 from these receptars.
In bath cases, the “stripping” off of FKBP12 leads to increased Jeskiness of the
czlehum channels and lower intracellular caleium cencenteations. Ii has becn
suggested that caleium flux may he associated with stimulation of ncurite outgrowth,

In addition, FIC-506--FKBF hound complexcs hind to and inhibit calemneurin,
a eytoplasmic phosphatase. ‘The phosphatase achivity of calcineurin is nesessary for
dephosphorylation and subseguent lranslocation intg the nucleus of nuclear facior of
activated T-cells (NT-AT) (see Flanagan ef al., Natwre, 352, 803-807 [1991)).
NF-AT is & transcription factor thal initiztes interlewkin-2 gene actvation, which in
turt mediates T-cell proliferation; these sieps are important to the zetivation of an
immune response. Caleineurin-indubiting activity is corrclated with the
immunosuppressant zetivity of FK-506 and related compounds.

Calcincurin tnhibition, however, docs not correlate with the stimulstion of
neurite outgrowth. Thercfors, compounds that are potent inhibitors of rotamase bt
not strong inhibitere of calcineurio are desived since they should be neuretrophic but
non-irmmunosuppressive,

Buch neurotrophic agents desirably find use in zugmenting neurite cutgrowth,
and hence jo promaoting neuronal growth and regeneralion in various pathological
siruations where neurenal repair can be facilitated, includiog peripheral nerve damage

caused hy injury or discascs such as diabetes, brain danvage associated with stroke,

JP 2004-500355 A 2004.1.8
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and for the treatment of nenralogical disorders related to nearcdegeneration, including
Parkinson’s disease, Alzheimer’s disease, and amyotrophic lateral sclerosis {(ALS).

Such neurotrophic agents should also be usefui for the treatment of memaory
impairment, for the reatment of hair loss, for the treztment of hearing loss, and for Lhe
treatment of vision disorder. See WO 00/16603 and W /32588, Further, such use
i3 preferably wilhgut the assvciated sffect of immunosuppression. sinee leng-torm use
of imnunosuppressants is assaciated with stdo effects sueh as kidney toxicity,
newrolegical deficits, and vascular hypertension.

Vanous imhibitors of ratamase enzyme aclivily, FKBP-binding compounds, or
immunomoedulatiog compoewnds are known, See, ey, U.S. Patent Nos, 5,192,773,
5,320,983, 5,516,797, 5,612,550; 5.614,547; 5,622,970; 5,634,332, 5,665,774;
5,626,135, 5,721,250; 5,798,355, 5.786,378: 3.846,979; 5,801.187; S.801,197 swcd
6,080,753, See also EP 947,506 and International Publication Nos, WO 36/41609,
WO 96740633, WO 9620140, WO 9B/29116, WO 9829117, W0 97/14439, WO
R/3TRR2, WD 90745006, WO D0/27811, WO 00/09102, WO 00/05232, WO
Q0/46181 and WO 9946251,

In view of the varicty of disorders that may be ireated by stimulating neutite
outgrowth and the relatively tew nourotropic agents having an alfinity for FKBP-type
immunaphilins, there remains a need for additional peurotrophic agents. In particular,
there is a need for thase neurotropic agents that arc potent inhibiters of the cnzyme
activity and especially of the cis-frans propyl isemerase (rotamase) activity of the
FKAP-type immunophiline, particularly the imnunophilin FKBP-12. Such
compounds will desirably have physical and chemical properties suitable for use in
pharmaceutical prepuralions, e.g., bicavailability, hadf-lik, and effciznt delivery to

the active site. In view of the desired properties, small organic molecules are

JP 2004-500355 A 2004.1.8
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preferted over proteins. Furihermore, such compaunds will not significantly inhibsit
the protein phosphatase valemeuria and therefore lack any signilicant
ununosppressive aclivity.

According to International Publication Nos, WO 00/46181 and WO 00/46222,
hinding to FKBP is not neccssary for neuronal activity.

SUMMARY OF THE INVENTION:

It is therefare an object of the invention to provide small-moleculs
meurptraphic conipounds. preferahly through affinity for FKBP-type immunophilins.
Omee bound to these proteins, the neurotrophic compeounds are potent inhibitors of the
epzyme sctivity essocisted with inumtinopkilin proteins, particularly rotamase envyme
activity. An additional object is to provide inhibiter compounds of the prescnt
mvention that o not excrt any significant immunosuppreasive activity in addition ta
their neurotraphic activity. Itis » further abject of the invention to provide elfective
processes for synthesizing such compounds as well as useful imermediates therefbre.
Another object of the invention is to pravide methods for treating patients having
neurelogical wamma or disarders as a result of] or associated with, condilions that
include (but are not limited to) nevralgias, muscular dystrophy, Bell's palsy,
myasthenia gravis, Packinson’s disease, Alzheimer’s disease, multiple sclerosis, ALS,
stroke and ischermir associated with stroke, neural parapathy, other noural
depenerative diseases, maolor neuron diseuses, and nerve injuries including spinal cord
inuries. Another object of the inventton is to provide metheds for treating partents
with hair loss, vision disorder, mamory impairment, and beanny loss.

Such objects have been achieved by the nisurotraphic compounds of the
present invention, which may be used to stimulate the growth and regeneration of

neurens. The adnunistration of these compounds to indivduals requiring therapeutic

JP 2004-500355 A 2004.1.8
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stimulation of neuronal growth and regencration provides effective therapies in
verious pathelogicel siuations where neuronal tepair can be facititated, including
peripheral nerve dumege caused by injury or discasc such as diabetes, brain damage
associated with stroke, and for the treatment of ncurclogical disorders related to
neurndegenerarien, inchiding Parkinson’s diseasc, Alzheimer's disease, and
amyotrophic Iateral sclerosis.

Ta achieve these and ather objestives, as embodied and broadly described, in a

(itsl uspect, the present invention relates fo a compound of formula (T}

A o

N o—8 D
O—5——n

x

D

or j pharmiacentically acceptable salt, solvate, pharmaceuticelly acceptable prodrug or
pharmmaceuticalty active motabolite thereof, wherein:

A i5 C3-Cs alkylene optionally substituted witk one or more suitable
substituents and optionally any one of the CHj groups of the alkylene group may he
replaced by G, 8, SO ar 80,

Bis

E
?%{l“

G

JP 2004-500355 A 2004.1.8
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where E and G are independently Ar, IT, €-Cy straighr or
branched alkyl, C,-Cy straight or hnmched alkenyl, C,-Cg siraight or branched alkyl or
alkenyl that is substituted with a C;-C- cycloalievl, C)-Cy straight or branched zlkyl ar
alkenyl that is substiteted with a Cs-Cy cycloalkenyl, ar At substituted with C-Cy
stralght or branched alkyl or alkenyl, wherein, i each case, one or fwe of the CH;

uroups of the alkyl or alkenyl chains may be replaced by [-2 moieties selected from

?’\(“\x
J

the group consising of aaygen, sulfur, 50, $Q,, and :
where J is H, C,-C;; siraight or branched alky?, or C-Cg straight or branched alkenyl;
and
K is Ar or substituted 5-7 membered cyeloalkyl with substituents al positions 3 and 4
which are independently selected from the group conmsting of H, OH, -O-[CHy )
alkyl, -O~(CH3)r-alkenyl and carbonyl, wherein mis 1-4;
where Ar s selecled from the group consisting of unsubstituted and substituted
phenyl, l-napthyl, Z-maphthyl, 2-turyl, 3-turyl. 2-(hienyl, 3-thtenyl, 2-pyndyt, 3-
pyridyl, 4-pyridyl, and menacyclic and bicyclic heterncyelic ring systems with sach
ring having 5 or G ring stoms oplionally, including 1-4 heteroztons independently
sclected from O, N and §; wheran when substituted, (the substilutends are from one to
three substituents independently selected from the group consisting of hydrogen, hale,
hydroxyl, nitro, tri luoromethyd, ifluoromethoxy, C,-Cg straighl or branched alkyl,
(73-Cy straight or branched alkeny], O-{C-Cy straighi or branched alkyl), O-(C -2y
straight or branched alkenyl), U-henzyl, {3-phenyl, 1,2-methylenedioxy, amino,
carboxyi and phenyl; and

nis an integer from 0 tn 4;

JP 2004-500355 A 2004.1.8
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D15 C,-Ce straught or branched alkyl, C,-Cs straight or branched
alkenyl, Cs-Cs cycloalkyl, Cs-Cs cycloalkenyl substitnted with C-Cy steaight ot
branched alkyl or Cy-Cy straight or brmched allcenyl, [(C-Ca)-alkyl or (C5-C)-
alkenyl}]-Ar, or Ar, and

Xis NR™ or O, where R' is K, C-C, alkyl, or C-Ca alkenyl,

In a secemd aspect, the invention. relates to a pharmacentieal composition
comprising a therapeutically effective amount of the compound of formula (LY or its
pharmacentically acceptable salt and a pharmaceutically acceptable camer.

In a third aspect, the invention relates to x methed of treating a neurological
disorder in an animal, cowprising adrrinistering 1o the antmal a therapeutically
cllective amount of a compound of formula {1) or its pharmaceutically acceptable salt,
prodrug, solvate, or s phimmaceutically active metabolite.

In a tourth aspect, the invention relates ta processes of making the compounds
of formula ¢[).

Tn a fifih aspeet, the invention relates to a method of treating hair Yoss,
memory impairment, or viston disorder it an animal comprising administeation 1o the
animal a therapeutically effective amoont vl a compound of formula (1) ot ils
phenmaceutically acceptable salt, prodrug, solvale, or its pharmaecutically active
metabolite.

In a sixth aspeet, the invention relates to compounds of formula (11):

JP 2004-500355 A 2004.1.8
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and pharnracentically aceepiable salts, prodrugs, solvales, or pharnaceutically active
metaholites therenf, wherein:

I" is hydrogen, or substituted or unsubstituted alkyl;

K" is substituted or unsubstituted alkyl; or

1" and K’ tuken toygether with the adjacent nittagen alom form 2 heteracycle
ring which may contain another heteroatont;

T |

M is selested from the group consisting of -OR,, NRy ang 7N7NR‘*R",
wherein:

R, is hydrogen, substituted or unsubstituted alkyl, alkenyl, aryl,
cyclonllyl, heteroaryl, heterocycloatkyl, or cycloalkenyl, or C(R'WRZHR'Y, wherain
R' and R'* each independently is substitured or unsubstivted alkyl, or k' and R
togother with the atorm te which they are bound form a cycloalky?, and R' is H, OH,
substituted or unsubstiwted alkyl, ary(, heteroaryl, heterocycloalkyl, or (CHp)- (-
wherenis ¥, 1,2, or 3, W' is R? ar C{O)R’. and R? i5 substituted and unsubstituted
alkyl;

R is gelected from the group consisting of hydrogen, substituted gnd

unsubstituled alkyl, hydroxyl, and amino; or

Ryand R’ taken tagother with the adjacent nitrogen atom form a‘

substituted or vnsubstituted heterocyele;

R" is hyilrogen or substiwted or unsubstituted alkyl; or

Ry and R aken together wath the adjacent nitrogen atom form a

substituted or unsubstituled heterocycle;

JP 2004-500355 A 2004.1.8
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By

|
AN - N
=M
Y\B, Qg;: i Re
or

Lis X ;
wherein X ig selected from O, Sand N;
Y is selected from O, N1I, §, 2 direct bond, and NRg, wherein Ry is
substituted or unsubstituted alkyl; or
X' and V' taken fogether with the adjacent carbon atom form a
hetemcycle ting; or
the L"NSO.M maicty of formula (I1) forms a S-membered-cyclic sulfamide
ring;

B’ 15 hydrogen or

‘;’%{T\e- :

where n is an inleger from 0 (o 4;

B’ anf G’ are independently H, substifuted or unsubstimted
alkyl, aryl, heterparyl, heteracyeloalky), alkenyl, cycloalkyl, or cyeloalkenyl, whercin,
in each case, ane or two of the CH; groups of the alkyl or alkenyl chaing may be
replaced by 1-2 moicties sclected ffom the group consisting of axygen, sulfur, SO and
S0, 01

F

o

where Q' is H, or substituted or unsubstinned alky) or alkenyl; and

{0 is substituted or unsubstiuted cycloalkyl, heterseycloalky, arvl, or heteroaryl;
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R. and Ry arc indepcadently hydrogen, substituted or unsubstituted alkyl ot
cycloalicyl;
Z 5 0, NH, CH; or NR,, wherein R, is substituted or unsubstituted alkyl; and

R¢ and Ry are independently hydrogen ,

wherein E°, G°, Q°, Q, and n are as defined above.

In a seventh aspect, the invention relates to  pharmaceutical composition
comprising a therapeutically effective amount af & compounnd of formula (1) or its
pharmaccutically acceptahle salt, solvate, prodrug, or pharmaceutically active

10 metabalite and a pharmacentically acceptable carrier.

In an eighth aspect, the invertion relates to a method of treating 4 neurological
disorder in an animal, comprising administering to the animal a therapeutically
effective amaunt of & compound of formula () or its pharmaccuticatly acceptable
salt, salvate, prodrug, or its pharmaceutically active metzholite.

15 In a ninth aspect, the invention relates o processes of making the compolmds
of formuia (1),

In a tenth aspect, the invention relates to a method of 1reating hair loss,
memory impairment, or vision disorder in an animal comnprising administrarion lo (e
ammal a therapeubically effective amount of a compound of formula () or its

20 pharmacentically acceplable sall, prodrug, solvate, or its pharmaceutically active
metabolite,

In an eleventh aspect, the invention relates to 2 process of producing a
compound of formula {I1) comptising reacting 2 sulfamoyl halide and & amine in the

presence of lutidine (preferably 3,5-(utidine) to praduce the eompound.
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Other features, abjects, and advantages of the invention will become apparent
from. the following detailed description of the invention.

DETAILED DESCRIPTION AND PREFERRED EMBODIMENTS OF THE
NVENTION:

As used in the present appiication, unless otherwise stated, the following
definitions apply:

In accordance with a convention used in the an, :LLL/ is used in structural
formulas herein to depict the bond that is the paint of attachment of the maety or
substitucnt to the corc or backbane structure.

Where chiral curhons are included in chemical structures, unless a particular
orientalion is depicted, both sterioisometic forms arc intended o he encompassed

An “alkyl group” is intended to mean a sraight- or branched chain
monovatent radical ol saturated andfor unsaturated carbon atoms and hydrogen atoms,
such as methyl (Me), ethyl (Et), propyl, isopropyl, butyl (Bu), isobuiyl, t-butvl {1-Bu).
ethenyl, pentenyl, butenyl, propenyl, ethynyl, butynyl, propynyl, peniynyl, hexynyl,
and the like, winch may be vnsabstituted {i.c., contzining only carbon and hydrogen)
or substituted by one of more suitable substituents as defiped below (e.g.., one or more
halogens, such as F, Cl, Br, or I, with F and €1 being preferred). A “lower alkyl
group™ is ttended 0 mean an alkyl group having from 1 to 4 carbon atoms inits
chain.

A “eycloalkyl group™ is intended to mean a non-arematic monovalent
monoeyelic. bicyslic, or tricyche radical containmg 3,4, 5,6, 7, 8,9, 10,11, 12, 13,
or 14 carbon ring atoms, cach ol which may be saturated or unsaturated, and which
may be unsubstituted or substilutad by one or more suitable substituents ax defined

below, znd to which may be fused one or more heterocycloalky? proups. aryl groups,

JP 2004-500355 A 2004.1.8
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or heteroaryl groups, which themselves may be unsubstituted or substituted by e ot
marte substituents. [lustrative cxamples of cycloalkyl groups include the following

moietiss:

@DOO(DC@/E

A “hererocycloalky group” is intended to mean a non-arematic menovalent
monocyelic, bicyelic, or tiieyelic radical, which is saturated or unsaturated, containing
3,4,56,7,8,9, 10, 11,12, 13, [4,15, 16, 17, or LE ring atoms, which includes 1, 2,
3, 4, or 5 heteroatoms selected nitrogen, oxygen, and sulfur, where the radical is
unsubstituted or substiluted by one or more suitable substitneiis 2s dofimed helow,
atd o whizh nray ¢ fused one or more cycloalky] groups, ary} groups, ot beteroary]
groups, which themselves may be unsubstituted or substituted by one or more suitable
substituents. [ilustative exaroples of heteroeyeloulkyl grovps include the following

moieties.

JP 2004-500355 A 2004.1.8
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qDOOO O
/}Q\OUO -

Qo

s T o

An “ary] group” iz intended to mean an aromatic monovaleni menocyclic,
bicyclic, or ricvelic radical conlaining 6, 10, 14, or 18 catbon ring atoms, which may
be unsubstituted or substituted by one or more snitable substituents as defined below,
and to which may be fused one or more cycloalkyl groups, heterocyeloalkyl zroups,
or heteroaryl groups, which themselves may be unsubstituted or substituted by anc or
more suitablc substitucnts. Thus, the term “aryl group™ includes u benzyl group (Rz().

INustrative cxamples of arvl groups include the following meieties:

=
. a0 Y
S # . and T

A “heteroaryl group” is intended to mean an aromatic monavalent
mimeeyclic, hicyclic, or heyelic radical coniaining 4, 5,6, 7, 8,9, 10, 11, 12, 13, 14,
15,16, 17, or 18 ring atoms, including 1, 2.3, 4, or § hetergatoms selected from

nilrogen, exygen, and sulfur, which may be unsubstituted er substituted by one or

JP
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mare suitable substitvents as defined below, sud to which my be [osed one or more
cycloaikyl groups, heterosycloalkyl groups, ar aryl groups, which themselves may he
unsubstituled or substitated by one or more suitable sabstiments.  [llustrative

examples of heteroaryl groups include the following moictics:

S¥sPeXsRersNe

AN NN, AT ,//“\‘
0 |
S Ry " ) k\/“\. ‘ ) g o gy ‘ N \\N", ‘
4 -~ e Sy

g Ty UL
‘if . B . and \\// \r\./ = -
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A “heterogyele” is ntended to mean u heleroary] or hoterocycloalky] proup
{cach of which, as defined above, are aptienally substituted).

An “auyl proup™ is intended to mean a ~C(0)-R radical, where R is 2
substituent as defined below.

A “thioacy] group™ 15 intended to mean a —C{8)-R radical, where Risa
substituent a¢ detined below.

A “sulfuny| greup™ is imended w mean a  SCHR radical, whereRisa
subsntuent as defincd below.

A “hydraxy graup” is intended o nean the radical ~OH.

An “amino group™ is intended to mean the radical -NH;.

An “alkylamine group” is intended 1o mean the radical -NHR,, whicre R, 15 an
allyl group.

A “dialkylamino group” is intended to mean the radical -NR Ry, where B, and
Ra are pach independently an alkyl group.

An “alkoxy group” 1s intended to mean the vadical ~OR,, where B, 1= an alkyl
group. Exemplary alkoxy groups inciude methoxy, ethoxy, propexy, and the like.

An “alkoxycarhony! growp™ is intended to mean the radical -C{O)OR,, where
R, 15 an alkyl group.

An “slkylsulfony] group™ is intended to mean the radical -SCuR,, where R, (s
an alkyl group.

An “alkvlaminecarbonyl group™ is imended 1o mean the radical -C(Q)NHR,,
where R, is an alkyl group.

A “dialkylaminocarbony] group” is intended to mean 1};3 radical —-C{O)NR,Ry,
where R, anid Ry, ate gach independently an wdkyl groop,

A “mctcapto araup” is intended to mean the radical —=SH.

JP 2004-500355

A 2004.1.8
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An “alk¥lthic group™ is intended to mean the radical —SR,, whene R, js an
alkyl geoup.

A “carhoxy group™ is intended to mean the radical ~C{OYOH.

A “carhamoy] mroup™ is intended o mean the radieal ~C{ONH;.

An “arylexy group™ is intended to mean the radical ~OR,, where

5w aryl
group.

A “heteroaryloxy group™ is intended to mean the radical  ORy, whers Ryis a
heteroary! group.

An “arylthio group™ is intended Lo meun the radical SR, whers R, is an ary]
group.

A “heteroaryltvio group” is imiended to mean the radical -SR.. where Ryiz a
Ietcroaryl graup.

The term “suitable organic mofety” ie intetded to mean any organic motety
recognizable, such as by rautine testing, to those skilled in the art as not adversely
affectmyg the inhibilory activity of the inventive compounds. Illustrative examples of
suitable organie moieties include, but are not ltuited to, bydroxyl groups, alkyl
LTOUPE, 0x0 groups, eycloalkyl wroups, heterocyeloalkyl groups, aryl groups,
heteruaryl groups, acyl groups, sulfony! gnneps, mercaplo groups, alk ylthio groups,
alkoxy groups, carboxy groups, aremo groups, alkylanuno groups, dulkylamino
proups, carbameyl groups, arylthio growps, heterparylthio graups, and the like.

The term “substituent” or “suitable substimuent™ is intended 1o mean any
suitable substituent that may be recogruzed or seleeted, such as through rontine
testing, by these skilled inthe axt, Ulustrative examples of suitable substituents
inelude hydroxy groups, halogens, oxo groups, alkyl groups, acyl groups, sulfonyl

groups. mercaplo groups, alkylthia groups, alkyloxy groups, cycloalkyl groups.

7
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heterasycloallyl groups, aryl groups, heteroaryl groups, carbuxy groups, amino
groups, alkylaming groups, ¢lalkytanino groups, carbamoy] groups, arvlexy groups,
heteroaryloxy groups, arylthio groups, heteroarylthio pronps, and the like.

The term “optionally substitnted” is intended to expressly indicate that the
specified group is unsubstityted or subslituted by pne or more suitable substituents,
uniess the ophonal substituents are expressly specificd, in which case the term
indicates that the group is unsubstiluted or substiiuted with the specified substiluents.
As defined above, various groups may be unsubstituted ot substinted {i.e., they are
optionally substituted) unless indicated otherwise herein (e.g., by indicating thal the
specificd group is unsubstituted).

A prodrug” is intended to mean a compound that is converted under
physiological conditions or by solvolysis or melabolically to a specified compound
that is phanmaceuticzlly active.

A “pharmaceutically active metabolite™ is intended to mean a
pharmacologically active prodnct produced through metabnlism in the bindy of a
specified compound.

Predrugs and active metabolites of conmpounds of the fonnula [, or T may be
dentifed waing routing techniques kinown io the art. Seo, e.g., Bertoliof et al., J Med.
Chen., 40, 201 1-2016 (1997); Shan, ot al,, J Pharn Sci. 86 {7}, 755-767, Bagshawe,
Drug Dev. Res., 14, 220-230 (1995]; Bodor, Advences in Deng Rey., 13, 224-331
(1984Y; Bundgaard, Design of Prodrugy (Elsevier Press 1985); and Larsen, Dasign
wnd Application of Prodrugs, Drug Design and Dovelopment (Krogsgaard-Larsen ol
ul., eds.. Harwood Academic Publishers, 1591).

A& “solvate” is intended to mean a phammuceutically acceptable solvate (orm of

a speetflicd compound that retaing The biulogical elfsctiveness of such conponnd.
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Examples of salvates include comypoumts of the invention in vombination witl water,
isoprepancl, ethanol, methanol, dimethyl sulfoxide, ethyl acetate, acetic acid, or
ethanolamine.

A “pharmaceutically scceptable salt™ is intended to mean a salt (hat retains the
Falogical effectiveness of Ihe free acids and bases of the spacified compeund an4 1hat
is not biclogically or otherwise undesirable. Examples of pharmaceutically

acceplable salts include sulfates, pyrosulfates, bisulfates, sulfites, bimlfites,

rhosphates, menchydrogenphosphates, dihydrogenphosphates, metaphosphates,
pyrophaosphates, chlotides, hramdes, todides, acctates, proplonates, decanoates,
caprylates, acrylates, formates, isobutyrates, caproates, heplanoates, propiolates,
oxalates, malanafes, succinates, snherates, sebacotes, lumarates, maleates, bulyne-1,
4-dicates, hexyoe-1,6-divares, benzoales, chlorobemecates, methylbenzoales,
dinilrobenzoates, hydrexybenzaoates, methoxybenzoates, phihalates. sulibnates,
xylenesulfonates, phylacetates, phenylpropionates, phylbatyrates, citrates, lactates, y-
hydroxyhutyrates, glycollales, tartrates, metharg-sulfonates, propanesol fonates,
naphthilene-1-sulfonales, naphthalene-2-sulfonates, and mundelates,

If the neurotrophic compound of fermula [ or IT i5 2 base, 2 desired salt may be
prepared by any suitable methad kngwn o the an, including wemment of the free base
with an jnorganic acid, such as hydrochloric acid, hydrobromic acid; sulfuric acid;
nifric acid; phosphoric acid; and the hke, or with an orgenic acid, such as acetic acid;
malteic ucid; succinic acid, mandelic acid; fumaric acid; malwrie acid; pyruvic acid;
oxalic acid; glycolic acid; salicylic acid; pyranosidyl acid, such as glucuronic acid or
galacturonic acil; alpha-hydroxy acid, such as cilnic acid ar tartarie acid; amtino acid,
such az apsartic acid or plutamic acid; aromatic acid, such as benzeic acid or cinnamig

acid; sulfonic acid, such as p-toluenesul fonic acid or ethanesulfonic scid; or th like

JP 2004-500355 A 2004.1.8
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1t the neurotrgphic cempound of formula 1 o I1 s an acid, a desired sabt may
be prepared by any suitable method known to tke ar, including treatment of 1he free
acid with an inarganiv or erganic base, such as an antine {primary. secondary, or
tertiary); an alkali metal or alkaline easth metal hydroxide, or the like. Iustrative
exampiez of suitabic salts inclnde organic 3alts derived from amine acids such as
glycine and arginine; ammonia; primary, secondary, and lertiary amines; and cyclic
amines, such as piperidine, morpholing, amxl piperazine; as well #s inorganic salts
derved from sodium, calcium, potassium, magnesium, manganese, iron, copper, zine,
aluminur, and lithium,

In the case of compounds, salts, or solvates that are solids. it is understood by
those skilled in the art that they way exist in different erystal forms, all ol which arc
intended to be within the scope of the present invemtion und specified formulas.

The neurotrophic compounds of formufa [, and [ and the intermediales used
in the process of the present invention, may cxist as single stercoisomers, racemates,
and/or mixtrres of enantiometers andfor diastereomers. All such single steregisomers,
racemates, and mixtures thereof are intended 1o be within the broad scope of the
nanstereospeciiic structural formulae, Preferably, however, the compounds of
formula I and 1 and the intermediate compaunds used in the process of the present
invention are used in optically pure Jorm.

As generally understond by those skilled in the art, an eptically pure
compound is onc that is enantiomerically pure. As used herein, the torm “optically
pure” is inlended ta mean a compound comprising zi least a sufficient amount of a
single enantiomer 1o yield a compounnd having the desired pharmacological activity.
Preferably, “ontically pure” is intenubed 10 mean 2 compound that compriscs al least

90% of 4 single isomer (80% cnantiomeric cxcess (¢.¢.)), more proforably at least
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3% (90% e.¢.}, even more preferably at least 97.5% (95% c.c.), and most preferably
at least 99% (98% e.e.}. Preferably, the neurotrophic compounds of the present
invention are oplically pure.

Neuretrophic compeunds of the invention are represented by the formula (T)
and (I) defined abave. Preferably, the neurctrophic compounds inhibit the rolamase
{peptidyl-proly] isomerase) enzyme activity of FKBP, in particular, FKBP12. In
adition o campounds of the formula (1) aud (11}, neurstraphic compounds of the
wvention include pharmaceutically acceptable derivatives of such compounds, snch
a8 prodrugs, pharmaceutically active metabolites, and phanrmaceutically acceptable
sales and solvates thereof.

Particularly preferred are compounds ol the formula (I*):

1)

wherein A, B, D, E and X are as previoosly defimed for the compound of formula {I)
Preferably, A is an unbranched Cz-Cs alkylene group wherein any one of the

CTH; groups of the alkylene group is optionally substituted by 5. More preferably, A

is an unbranched wasubstituted Cq or Cq alkylene group (i.e, 1,3-propylens or 1,4-

buiylene}. Even mere preferably, A is Ca alkylene,
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Preterably. B 15

i

I G
wherein I {5 selected from the group consistng of H. benzyl, 3-pyridyl, 2-

phenvlethyl and 3-phenylpropyl; G is selecied from the group consisting of phenyl, 3-
pyridyi, 3-pheaylpropyl, 3-phienoxypheny! and 4-phenoxyphenyl; andd nis 0-4. More

preferably B is sclected from the group consisting of:

},_r\/© ;\:;A/\Q | }K/\/El] |
?JK AT
\L @ ;  wnd bydrogen.

Preferahly, D is selected from the group consisting of pbenyl, 4-methylphenyl,
d-methaxyphenyl, 2-thievyl, 2,4 6-tnfsopropylphenyl, 4-luorophenyl, 3-
methoxyplhenyl, 2-amethoxyphenyl, 3,5-dimethoxypbenyl, 3,4, 5-tdmethoxypbenyl,
methyl], L-paphthyl, 8-quinelyl, 1-{3-N.N-dimethylamine)-raphthyl, 4-iodophenyl,
2.4, 6-trimethylphenyl, benzyl, 4-nitrophenyl, Z-nitrophenyl, 4-chlorophenyl, 1.1-
dimethylpropyl and E-styrenyl. Even more preferably D is sclected fom the group
consisiing of phenyl, T,1-dimethylpropy! snd 3.4,5-inmelhoxypheny

Preferably, X is ML ar Q.
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Especially prefored specics of compounds represented by the above formula
{1) are the following:
—_ — s
SPVS RN S

1 N

o o o

‘%M‘,LJ Efv[;:] E g,\,\,\ ~

A S .
if ,J\; : W’Q/ ;
g;i\ﬂ/‘\/\ f\,::] F: ;ﬁ:,».,,uz\_,/\ﬁ:lj
i 0
Oy i
TYT0 LT
j/ H w;fljf \E ‘: and

PN
LY

o 1

‘T e
. )
Especially preferred mateties for the variables of lormula (II) arc presenced
s helow and in the fullowing examples.
Preterred examples of' ° are hydrogen, (C-Cs) alkyl which can be subshiuted .

with substituted or unsubstirutad aryl, such &g phenyl or halogenated phenyl.

23
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Treferred examples ol K are (C-Cs) alky) which can be substituted with
substituied or unsubstiteted aryl, such as phenyi or halogenated phenyl;

Alternatively, I and K' taken togcther with the adiacent nitrogen alom form a
3-7 membered heterocycle ring which may contain another hetereatorn such 45 5, and
0, and moreties selected from S0, and NR, wherein B is salected from hydrogen, and
substituted or unsubstituled alkyl, aryl and heteroaryl; or I and K takep together withs
the adjacent nitrogen atom form azo-bicyelo[2.2.1] beplane or azo-bicyclo{2.2.3]
octane optionally substituted with substitured or unsubstituted alkyl or aryl or e or
more halopgens;

in preferred embodiments, By is Cq-Cr cycloalkeny), hydroxy, halogen,
hydroxyl, NOz, CFs. €;-Cq alkyl, Cr-Cy alkenyl, Cy alkenyloxy, benzyloxy, phenoxy,
aming, phonyl, or Ci-Cs alkyloxy. R' and R'? can cach independently be Cy-Cy alkvl,
R can be C,-Cy, or {CHz},-D-W', wherenis 0, 1,2, or 3, W' is R or C(O]Rz, and
R s €}-C; alkyl optionally substituled with, for example, one or two methoxy
Braups.

A preferred R gronp s {C-Cs) alkyl. Altematively, Ry and R’ taken logether
with an adjaccnt nitrogen aton: can form a subatituted or unsubstiluled heteroeycle,
which can be saturated or unsaturated or aromatic and can be substituted with, c.g.,
{C-Cy alkyl, hydroxy or halogen;

Preferred examples of R are hydrogen or substituted or unsubstituted {C,-Cs)
alkyl. Altematively, R) and R™ taken together with an adjacent nitrogen form a
suhsiiteted er unsubstimred heterocyele, which can be saturated or unsaturated or
ararmatic and can be substituted with, e.g,, (7)-Ca) alkyl, hydroxy or halogen.

Preferred examples of ¥ are a direct bond ar NRy, wherein Ry is (Ci-Cs) alkyl

which may be substitted vith, e g, phenyl or halogenzted phenyl

JP 2004-500355 A 2004.1.8
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Preferred examples of E' mid G are C-Cs straight or branched aikyl, C,-Cy
straight or branched alkenyl, C\-Cy straight or branched alkyl or alkenyl that is
substituted wilh a Cs-Cr cycloalkyl, C-Cq straight ot branched alkyl ot alkenyl thar is
substituted with a C5-Cx cycloalkenyl, or heterocyele substituted with C;-Cy siraight
or branched alkyl or alkenyl.

Preferred examples of Q7 are C;-Cj strurght or branched alkyl or C. -Cy
straight or branched alkenyl.

Preferred examples of Q aze substiiuted 53-7 membered cyclealkyl with
substituents at positions 3 arkd 4 which are independenrly selected from H, OH, -O-
(CIL)n-alkyl, -O-(CH:)m-alkenyl and carbonyl, whersin m is 1-4.

Preferred examples of uselul aryl and heteroaryl groups for the compounds of
formula (JI), such &s for E°, <7, and Q. are phenyl, 1-napthyl, 2-naphthyl, 2 furyl, 3
furyl, 2-thienyi, 3-thienyl, Z-pyridyl, 3-pyridyl, 4-pyridyl, monocychc and hicyclic
heterneyelic ning systems with individual ring sizes being 3 or 6 which may contain in
cither ar hoth rings a total of 1-4 heteroatoms mdopendently sefected from O, N and
&. The aryl and heteroaryl graups may cotitain one to three substituents
independently selected from hydrogen, halo, bydroxyl, oitro, trifluoromethyl,
tnfluoromethoxy, Cj-Cy straight and branched alkyl, C;-Cg straight and branched
alkenyl, O-(C,-Cs straight and branched alkyl), O-{C~Cs straight and branched
alkenyi), G-benzyl, Q-phenyl, 1,2-methylenedioxy, amino, carboxy? and phenyl;

Prefered examples of R, and Ry, a1e {€1-Cx) alkyl with or without, for
cxample, aryl substitution, or (Cy-C5) cyeloalkyl.

Preferred exantple of Z is NR, wherein R, is (Cy-Cy) alkyl which may be

sphstituted with phenyl or halogenated phenyl.
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5

The compounds of the invention also include pharmaceutically acceptable
derivatives of compounds of the formula (1) and (IT). A “‘pharmaceutically aceeptable
derivative™ denates 2 prodrug, pharmaceutically active metabolite, or
pharmaceutically acceptable salt, ester, salt of such ester, or hydnte of a compounil of
this invention. Such compounds, when administersd to a patient, are capable of
directly or indirectly yielding a compound of this invention, or a metabolic residue or
praduct thereof, and thereby inhibit FKBP rotamase aclivity or promote or augment.
neurite ontgrowth.

The compounds of formmla {I) and (II) as well as metabolites thereol may be
used in pharmaceutical compaositions in the form of phanmaceutically acceplable salis.
Such salls arc preferably derived from inerganic or oreanic acids and bases.
Exemplary acid salts include acetats, adipate, alginale, aspattate, bemzoate,
henzenesulfenare, bisulfate, buryrate, citrats, camphocate, camphorsulfonate,
cyclopentenepropionate, digluconate, dodecylsulfate, ethanesulfonate, fumarate,
glucoheptancate, glycerophosphate, hemisulfate, heplanoate, hexanoate,
hydrochlaride, hydrobromide, hydroiodide, 2-hydroxyethanssulfonate, lactate,
malcac, methanesulfonate, 2-naphthalenssulfonate, nicotinate, axalate, pamoate,
peciinate, persulfate, 3-phenylpropionate, picrate, pivalate, propionate, succinate,
tartrate, thiocyanate, tosylate, and ondecanoate. Exemplary base salts include
anintanium salts, alkali metat salts, such as sodium and porassium salts, alkaling earth
mefal salts, such as caleium and magnesium salts, salts with grganic bases, such as
dicyclohexylamine sults, N-rmethvl-D-glucosamine salt, and saks with aming acids
such as arginine and lysine, Also, the basic nitrogen-containing groups can be
quatemized with such agents as: lower alky! halides, such as methyl, cthyl, propyl,

and butyl chlerides, bromides or iedides; dialkyl sulfefes, such as dimethyl, dizthyl,

JP 2004-500355 A 2004.1.8
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ditutyl, and diamyl sulfalus; long-chain halides such as decyl, luryl, mysistyl and
stearyl chlondes, bromides, and indides; and aralkyl halides, such es benzyl and
phenethyl bromides. Water- or oil-saluble or dispersible products may be prepared
from such salts.

1o addition, the compounds of (he invention ntay bz modified by appending
appropriate functionalities to enhance selective biological properties. Such
madifications, which are within the purview of the ordinarity skitled artisan, include
thase iucreasing biological penetration into a given biological system: {e.g.. blood,
Lyrphatic system, central nervous systemy}, inczeasing oral availability, increasing
solubilicy to allow administration by injection, ahering metabolism. and aliering rate
of excretion.

Soemc of the compounds described herein contain one or mars centers of
asyminetry and may thus give rise to enantiomers, diastereoisomers, rotamers, and
ather seereoisormeric farms. The present invention is meant to include all such
possible stereoisomers as well as their racemic and optically pure forms. Optically
active (R} and (3} isomers may be prepared using chiral synthouns or chiral reagents,
or resolved using convenlional technigues. When the comprunds deseribed herein
contain nlefinic double bonrls, they are intended ta include hoth E and 7. geomeinic
1SOMETS.

Moreever, the chermnical formutae referred Lo herein may exhibil the
phencmenon of tantomerism. As the fomiulae drawings within this specification can
ouly represent one of the pessible wntomenc forms. it should be understoad that the
invention encompasses any tautomernic form that ean be penerated by emploving the
tools disclosed or in & known mannet, and is not limited to any oas tautomeric fonm

depicled by the formulae.

27
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25

EXAMFLES:

The following examples are illostrative of the present invention and are not
infended to be limitations thercan, Unless otheowise spreilied. all porcentages are
bascd on 100% by weight of the final compound.

Abbrevistions that are used in the description of the inveniion include the
(ellowing: EDC is 1-(3-dimethylaminopropyl}-3-ethylcarbodiimide hydrochlotide;
DCC is 1,3-Dicyclohexylearbedilmide; DMAP is 4-dimethylaminopyridine; DMF iy
N, N-dimethylformamide; HATU iz O-{ 7-azabenzotrizrol-1-y[}-N,N, ] N~
ictrzmethyluronium hexafluerophosphaie; HRMS is high resolution mass spectrumnt;
DEAD 15 dicthyl agndicarhoxylate; M3 is mass spectrum;, THE is tetrahydrofuran;
DIEA is diisnprapylethylamine; HGBt is 1-hydroxybenzatiazole hydrate; Pd-C is
palladium on carben; atm is (amosphere); and MOPS is (4-
morpholinepropapesulfonic acid, sodivm zalt).

The compounds of the present invention may be readily prepared by standard
techniyues of organic chemistry, utilizing 1he general synthetic pathways depicted
below, Unless otherwisc indicated, the siarting materfals are either commercially
available or can be prepared by conventional technigues. The oxy sulfonyl
compounds of the present invention may be prepared in the mranper depic.tell in
Scheme 1 balow. As described in Scheme ], amino acids 1 protected by suitable
hlocking groups P on the amino acid nittogen may be reacted with aleahols B'OH to
generale sslers 2. Alter removal ol the protecting group, Lhe fee wine may be
reacted with chloresulfonic acid followed by phosphorous pentachloride 1o provide
the chlorasulfonyl 4, The ehlorosulfonyl 4 may then ba reactzd with various alechols
IY*OH to provide & finai product 5. Dopending on the structure ol the fnal produet

being synthesized, it may prove to be more cfficient fo prepare & compound off

i}
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fornmla 5, and then sobstitute the B group with @ B group, This may be carried out
a3 depicted in Scheme 1, wherein the produer 5 is hydrolyzed to the comesponding
alcohols B which may then be reacted with aleohols B"OH to provide final products

7

Scheme 1

L b U)\, e
.T/J\n,/"“ vt " "/’\B ivprotee: " e
I Dol Lol
l 2

In the compounde depicted above in Scheme 1, B’ and B arc independemly:

E
S k
‘t’)n// <R
wherein E and G are independenriy Ar, H, C,-Cs straight or branched alkyl,
C1-Cy straight or branched alkeenyl, C-Cs straight or branched alkkyl or alkenyl that is
substituted with & C5-C; cycloalkyl, Cy-C,, stralght or branched alky] or atkenyl that is

10 substituted with a Cs-Cs eyeloalkenyl, or Ar subsiituled Cj-Cg straight or branched
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alkcyl or alkenyl, whereiw, in cach casc, ane or two of the CTf; groups of the alky! or
allkenyl chains may contain 1-2 heterostoms selected from the group consisting of

oxaygen, sulfur, 3¢ and 30; in chemically reasonable substitution patierns, or

e
!

provided that botk 8’ or B*' and D’ are not H; J is H, ©-Cy straight or branched alkyl
or C; -Cg straight or branched alkenyl;
K is Ar or substituted 5-7 membered cycloalkyl with substinients at positions 3 and 4
which are independently selected from the sroup consisting of H, OH,
-D-{CH,)-1lkyl, -0-(CH:}m-alkenyl and catbonyl, wherein m is 1-4;
AT is selected fiom the group consisting of phenyl, 1-nuprhyl, Z-naphthyl, 2-furyt, 3-
furyl, 2-thienyl, 3-thienyl. 2-pyridyl, 3-pytidyl, 4-pyridyl. monocyelic and bicyelic
heteroeyclic ring systems with individuat ting sizes being 5 or & which may contain in
cither or hoth rings a total ol 1 -4 heteroatoms independently selected fram O, N angd
5; wherain Ar may contain ong to threg substituents which are independently selocted
from Lhe group cansisting, of hydrogen, halo, hydrexyl, nitre, triftuoromethyl.
trifluoromethoxy, Cq-C,, straight or branched alkyl, Cz-Cy straight or branched
alkenyl, O-(Cy-Cy straight or hranched alkyl), O-{Cy-Cy stratght or branched alkenyl),
O-benzyt, O-phenyl, 1,2-methylenediosy, amino, carboxyl and phenyl;

nis0io4d;

D is ©1-Cs straight or branched alkyl. C;-Cs straight or branched alkenyl, Cs-
s eycloalkyl, C,-Cy cycloalkeny] substituted with Ci-C; straight or branched alksT or
C:-Cy straight or branched alkenyl, [{Cz-Ca)-alley) or {Cz-Cyl-alkenyl}~-Ar or Ar; aud

%15 -1,

30
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The following compounds were prepared according to the general Scheme 1
depicled above:
EXAMPLE1

Synthesis of 1-Phenoxy sulfonyl-piperidine-28-carboxylic acid 4-phenyl-butyl ester

{componnd 13)
Step 1: Synthesis of piperidine-1,25-dicarboxylic acid 1-fert-buty] ester 25-methyl

ester {coshpound 3):

Compound 8 was prepared from recemic pipecolio acid via the published
procedures. See R.F. Nuitet al., J. Med. Chem., 24, pp. 692-69% {198]) andl C.E,
Davigs et al, Synth. Comm., 26 (4}, pp. 687-696 {1396}, These references are herein
incarporated by refercnce.

Spectral analysis werc consistent with the desired product:

THNMR (CD{Ch): 6 4.92 and 4.75 (I1H, 2 5 for two rotamers), 4.0-3.8 (TH, m), 3.74
(313, 5), 3.0-2.7 (1H, m), 2.15 (1L, m), 1.44 (94, br s).

MS (FARY: 244 (M +H).

Step 2: Synthesis of piperidine-1.23-dicarboxylic acid 1-rers-buty] cster {compound

9%
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‘I'o 2 methanol solution (25ml) of compound § (28g, 0.115 mol) was added
2N soddium hydroxide solution (25 mL} at 25 C. After about 20 hours, the solution
was voncentrated and acidified to a pH of abowt 2 by the addition of 10%
hydrochlacic acid {ice-colf). The suspensian was extracted with FiOAc (ethyi
acetate) (3x 100 mL). The combined organic layers were then washed with saturated
sodium chloride solution {1x150mL}) and dried over sodium sulfete. Evaporation
afforded 27g (quantitative) pale-yeliow solid.

Speetral analysts of the pale-yellow solid were consistent with compound. 8
TH MME (CDCl3): 8 4.92 and 4.77 (U], 2 5 for twe retamers), 4.1-2.8 (IH, m), 3.1-
2.8 (1H, m), 2.3-2.2 (1H, m), 1.41 (3H, brs).

Step 3: Synthesis of piperidine-1,25-dicarboxylic acid 1-ters-butyl ester 28-(4-

phenyl-butyl} ester {compound [0):

.

[\‘M,, D N | S
| )
Bee o - /

Te a CH:Cly solution of compound 2 and 1-phenyl-butan-4-ol was added DCC
and DMAP a1 about 25 "C. After several Lours, the suspension was filtered and the
filtrate was concentrated. For example, the suspension s filtered for about 20 hours.
The crude oil was passed through a pad of silica gel (5% EtOAe in hexanes) to

pravide compaund 14,
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Step 4: Synthesis of piperidine-25-carboxylic acid 4-phenyl-butyl ester {compound

1)

PN
[\M:LW/R\V/\\/A\ N,
[ )

e

To a CHaCl: solution of compound 10 was added frifluoroacetic ackd slowly at
about 25 *C. After about scveral hours, the CHaCly and triflucroacetic acid were
remaved in vacuo and the residue rediesolvad in CHCL;. The resulting solulion was
then washed with saturated NeaC Qs and dried with NapSCy. Evaporation yicldud
compound [ 1.

Step 5: Synthesis of 1-chlorosul fonyl-piperidine-28-carboxylic acid 4-phenyl-butyl

euter (compound 12):

P

| .
-~
\\'N' .
o==5=0 ¢
I

To a CHyCTy solution of compound 11 was added Et;N and CISO3H slowly.
The mixlure was allowed o warm to abow 25 *C and stirmed at that iemperature for
several ours. The solution was then concenirated in vacue after which benzene was
added and evaporated to remove trace amounts of EtyN and water. The residue was
adeted te benzenc and PCls. The suspensian was heated at reflux for about 20
minules, then conled o about 25 °C and poured into at ice-cold sodwm hydroxide

sslution. The aqueous mixture wag extracted with E1CAc. The combined orgame

33
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layers were washed with 2 saurated Nal3CO;y solution, dried over sudium sulface and
concentrated. The residue was purified by eolumn chromatography {53% E1QAc in
hexanes) afferding eompound 12.

Spectral analysis of the product was consistent with compound 12:
'H NMR (CDRCL): 8 7.3-7.1 (5H, m), 4.74 (111, m). .2-4.1 (ZH, m), 3.88 (1K, 4, I=<11
Hih, 2.7-2,5 (2H, m), 2.2 (1E, m), 1.88 {1H, m).
HRMS (FAB): calculated: 3601036 formd 30601033,
Step &: Synthesis of |-phenoxy sulfonyl-piperidine-25-carboxylic acid 4-phenyl-

butyl cster (compound 13):

(‘N L /‘O\\//"\\u_/‘ . Sy
L |®
gy

(I

At abour 0 °C, an ethylene glycol dimethy! ether solution {1 mL) of compound
12 (160 myg, 0.28 mmol) and phenol (58 mg, (.62 mmol) was added NaH (16 mg,
K%, 0.62 mmal) in three portions.  The resulting suspension was then stirred at about
25 °C far 1 hour and poured into a saturated icc-cold NHCl solation (10 mL). The
agueous mixture was exfracted with E{OAc (2x20 mL). The combined organic layers
were then dried over sodium sullate and concentrated. The residue was puriticd by
cotupt chromatagraphy (CHaCly) to yicld 11.3 mrg (10%) of a enlarless oil.

Spectral analysis of the calorless oil was consistent witk compound 13:

34

JP 2004-500355 A 2004.1.8



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(186)

WO 0140185 PUTIUSFTOTY

'H NMR (CRCLY: 5 7.4-7.1 {10H, m), 4.50 {111, m3, 4.12 £2H, m), 3.68 {117, dd,
J=11, 1.6 Hz), 3.39 (112, td, 1=11, 1.7 Hz), 2.6-2.5 (2H, m), 2.07 {1 H, 4, ]=10.8 Hz).
MS (FAB): 418 (M +H)
HRMS (FAB): calculated: 440.1508; found 440.1520.

EXAMPLE 2

Synthesis of 1-Phenoxy sulfonyl-pymrolidine-28-carboxylic acid benzyl ester

(componnd 15}
Step 1: Synthesis of 1-chlorosulfonyl-pyrrolidine-25-carboxylic acid benzyl cster

(compound 14]:

/.—\.J
/40\ \}:‘/

Compound 14 was prepared from pyrroliding-2-carboxylic acid benzyl ester
{commercially available from BACHEM]) in a manner auélagﬁus to the synthetie
method of Example 1--Step 5 set forth ahove. An 87% yicld of compound 14 was
ohtained

Spectral analysis ol the product was consistent with compound 14:

'H NMR (CDClL): 8 7.4-7.1 (SH, m), 5.12 {3H, 5), 4.90 (1F, tm), 3.67 (111, m), 349
(14, m}.

MS (FAB): 326 (M7 +Na), 321 (M+NH,).
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s}

Step 2: Synthicsis of 1-phenoxy sulfonyl-pymalidine-2S-carboxylic zcid benzyl ester

(compound 15}

Compound 135 was prepared from cempound 14 in 2 manner analogous to the
synthetic method of Exampte 1--Step 6 ser forth above, An 8% yield of compound 15
was obtained,

Spectral analysis of the product was consistent with compound 15:

'H NMR (CDCL): & 7.5-7.2 {1014, m), 5.13 (2H, 5], 4.46 (1} m), 3.7-3.5 £2H, m),
2.4-1.9 (4H, m).
HRMS (FAB): calculated: 362.1062; found: 362.1070.

The sulfamayl compounds af the present snvention nuay be prepared in the
manner depicied in Scheme 2 below. As described in Scheme 2, amino acids 1
protected by snjtable blocking groups P on the amine acid nitrogen may be reacted
with alcohols B'OH to genernte esters 2. After remaval of the protecning eroup, the
free amine may be reacted with chiorosulfonic acid followed by pentachlorida to
provide the chlorosulionyl 4. The chiorosulfonyl 4 may then be reacted with vangous
amines D'NHz to provide a final produect 16, Dopending on the strusture of the final
product being symthesized, it may prove 1o be more efficient to prepare a compound
of formula 16, and then substitute Lhe B group with an B*" group. This muy be

carried out as depicted in Scheme 2, wherein the product 16 i3 hydrolyzed to the

36
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correspouding alcohols 17 which may then be rexcted with zleobols B 'OH to provide

final products 18

Stheme 2
h *
8001 A Depemtee P
(0| T/ - i oy "
Vool L
tit
5 3 ] By

b W N
- oH Hylbis % B2
o

Ta the compounds depicted above in Scheme 2, B and B*" are independently:

o /J\G ;

I ol

wherein E and G are independemity Ar, 11, Ci-Cq straighe or branched alkyl,
C1- Co straight or branched alkenyl, Ci-Cy straight or branchesd alkyl or alkeny] that is
substituted with a C3-C; cycloalkyl, Cy-Cg straight or branched alkyl or alkenyl that is
substitmed with a Cs-Cr eycloalkenyl, or Ar substinized C-Cs straight er branched

10 alleyl or allenyl, wherein, in sach case, one or two of the CH; groups of the alkyl or

37
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20

alkenyl chasns may contan 1-2 heteroatoms selected from the group consisting of

oxygetl, sulfur, SO and SO; in chemically reasonable subslilulion pallerns, ot

provided thai both B* or B* and D7 ave net H; I is H, ©,-C,, straight or branched alkyl
ar C-Cg straight or branched alkcnyl;
K is Ar or substituted 5-7 munbered cycloalky with suhstituents a positions 3 and 4
which are mdependently selected fram rhe group consisting of H, OH,
-O-(CHg)pralkyl, -O-(CH3)y-alkenyl aod carbonyl, wherein m is 1-4;
Aris selected from the group cansisting of phenyl, 1-napthyl, 2-naphtiyl, 2-furyl, 3-
fhryl, 2-thienvl, 3-thienyl, Z-pvridyl, 3-pyridyl, 4-pyridyl, monocyclic and bicyclic
heterocvelic ang systems with individual ring sizes being 5 or 6 which may confain in
either of hoth rings a total of 14 heteroatoms independentty selected from O, N and
3; wherein AT ronay conliain one to three substituents which are independently selected
from the groop consisling of hydrogen, halo, hydroxyl, nitro, trifiuoromethyl,
triflucromethoxy, C,-C, siraight or branched alkyl, C;-C,, straight or branched
atkenvl, O-(C,-C; straight or branched alkyl), O-{C,-C, siraight or branched allenyl),
O-henzyl, O-phenyl, 1,2-methylenedioxy, amino, carboxyl and phenyl;

nis o 4;

7 15 C-Cg siraight or branched alkyl, C-Cy straight or branched alkenyl, Cs-

1 eycloalkyl, Cs-U7 eveloalkenyl substituted with C)-Ca straight or branched alkyi or

1-Ca straipht or branched alkenyl, |{Uz-Cui-alkyl ar ({3-Ca)-alkenyi)]-Ar ot Ar; and

®is0-1.

The fullowing cempounds wore prepared zecording to the goneral Scheme 2

depicted ahove:
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EXAMPLE 3

Synthesis of 1-(3,4,5-Tamethoxy-phenylsulfamoyl)-piperidine-28-carboxylic acid 4-
phenyl-1-(3-phenyl-propyl}-hutyl ester {compound 27}

Step i: Synthcsis of piperidine- 1, 25-dicarhoxylic acid 1-rere-buty ester 28-methyl

ester (compound 8):

[\.:H/ 4 Ry
\

Boc [=]

Compound § was preparsd from tucemic pipecolic acid via the published
procedures. See R.F. Nult et al, J. Med. Chem., 24, pp. 692-698 {1981) and C.E.
Davies et al., Synth. Comin., 26 (4), pp. 687606 {1996). These references arc hercin
incorporated by reference.

Spectrzl analysis were censistent swith the desired product:

"H NMR (CUCL): & 492 and 4.75 (1H. 2 5 tor two rotamerz), 4 0-38 {1H, m), 3.74
(3H, 5), 3.0-2.7 (IH, m), 2.15 (}H, m), 1.44 (9H, brs).

MS (FAB): 244 (M'+H).

Step 2: Synthesis of piperidine-1,25-dicarboxylic acid 1-rerr-butyl ester {compound

9:
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To a methanol solution (25mL) of compound § (28g. 0.113 mol) was added
2N sodium hydroxide solution (25 mL) at 25 C. After about 20 hours, the solution
was concentrated and avidified to a pH of about 2 by the addition of 10%
hydrochlotic acid (ice-cold}. The suspension was extracted with BtOAs (3x106 mL).
The copbined organic layers were then washed with saturated sodium chloride
sofution (1x150mL) and dried over sodium sulfatz. Evaporation afforded 27
(quantitative) pale-vellow solid.

Specirul analysis of the pale-yellow solil were consistent with compound 8
'H NMR {CDCh): 84.92and 4.77 (1H, 2 % for two rotamers), 4.1-3.8 (LH, m), 3.1-
2.8(1H,m), 2.3-2.2(1H, m), 1.41 {3, brs}.

Step 3: Synthesis of pipetidine- [, 25 dicarboxylic acid 1-tert-buty! cster 25-[4-

phenyl- [-(3-phenyl-propyli-butyl] ester {compound 19):

To a CHCl; solution (100 mi) of compound 9 (2.22 g, 9.7 mmol) and 1,7-
diphenyl-heptan-4-ol (2 g, 7.5 mionol) was added DCC (4.62 g, 22.4 mmal) and
DMAP (0.55g. 4.5 mmol) at 25 ‘C. Afier about 2.5 hours, the suspension was
filtered and the filtrale was concentraled, The crude oil was passed through a pad ol
silica pel (5% E1QAR in hexanes) to provide 3 6 g (quantitative) of colorless ail

(cosapound 19).

40
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Step 4: Synthesis of pipendine-2S-carboxylic acid 4-phenyl-1-(3-phenyl-propyl)-

butyl ester (compound 20):

OW[”WO
"~

e
Te a2 CHaClp solution (10 mL) of compound 19 was added trifluoroacetic acid
5 (3mb)slowly at 25 °C. Afer aboul 4 hours, the CHLClz and tri Nuoroacetic acid were

removed in vacuo and the residuc redissolved in CHCIy (100 mL). The resulting
solution was then washed with saturated NayCOs (2x350 mL) 2nd dried with NaaSOa.
Evaporation yielded 3 g (95%) of a pale yellow oil {compound 20,

Speciral analysis of the pale-yellow oil was consistent with compound 20

10 'L NMR ©DCL): § 7.3-7.0 (3011, 2 m), 4.92 ¢1H, m}, 3.22 (1H. m), 3.00 (1H, ny),

12.7-2.4 {SH, m).

41
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Step 5: Synthesis of 1-chlorosulfonyl piperidine-28-carboxylic acid 4-phenyl-1-(3-

phetyl-propyl)-buty] ester {compound 21):

Ay \q “@

/

To a CHClz selution (70 mL) of compaund 20 (2.75 g, 7.3 mmal) was added
Ef:N{Z mL) and CIS0,H {(.97 2, 83 mmol} slowly. The mixture was allowed to
warmi to about 25 °C and stirred ar that temperature for about 2 hours. The solution
was then comeentrated in vacuo after which benzene (2x20 mL) was added and
evaporated to remove trace amounts of Et:N and water. The residue was added to
benzene (20 mL) and PCls (1.97 g, 9.4 tnmel). The suspension was heated at reflux
for about 30 minutes, then cooled to about 23 °C and poured into an ice-cold sodimn
hydroxide solution {50 mL). The aqueous mixture was extracted with BUOAc (2x75
mL). The combined orpanic layers were washed with 2 sulurated NaHCOs salution
(12100 L), dried over sodium sulfste and conceatrated. The residue was purified by
column chromalography (5% F1OAc in hexanes) affording 2.2 g (63%) of a yellow
ol

Spectral analysis of the yvellow o1l was consistent with compound 21:
'H NMR (CDCL): & 7.4-7.1 (10H, ), 3.05 {1H, m}. 4.8 (1H, m), 3.98 (I, u1), 3.7-
3.5(tH.m), 2.7-2.5 (4H, m), 2.18 {I1H, m), 1.95 (1K, m).

42
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Step 6: Synthesis of 1-(3,4,3-trimethoxy-phenylsulfamay])-piperidine-25-carboxyhie

acid 4-phenyl-1-{3-phenyl-prapyl)-butyl ester {compound 22):

/’O\(’\\/"\r o,
0:%:0 o - -‘\\ /l
"aco\ (\ N \|\
9! ~
T Y
1 -

OCH,

Tao a pytidine solution (1.5 mL} of 3.4, 5-fnmethoxyanaline {115 mg, .53
mmol} was added compound 21 (108G ing, 0.2} mmol) in CH2Clz (3 mL) & aboul 25
= After about 6 hours, the suspension was washed with ice-eold 5% HCI selution
(1259 mL) and saturated copper sulfate solution (2x30 L), After removal of the
solvent, the restdus was purified by column chromatography (3.5% CILOH
CHoCly) to yield 35 mg {27%) of a pale yellow oil.

Spectral anzlysis of the otl wag consistent with compound 22:
"I NMR (CDCl): & 7.3-7.1 (11H. m), 648 (211, m), 5.07 (L m), 4.76 (171, m), 3.83
(6H, 5, 3.8] (3H, 5), 3.69 (111, d, J=1 1.2 Hz), 3.10 {1H, td, I=11, 1.9 Ha), 2.61 (4H,
m). 2.23 (1H, d. J=10.9 Hz).

HRMS (FAB): calculated: 625 2947, found $25.2962.

+3
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FXAMPLE 4

Synthesis of 1-(1,1-Dimethyl-propylsuifamoyl)-piperidine-2S-carboxylic acid 4-

phenyl-1{3-phenyl-propy])-butyl estet {corapousd 23):

\% T
T ®

e

Compound 23 was preparad from compound 21 by a synthstic method
analngous ro that of Example 3-Step 6. A 9% yield was obizined.
Spectral analysis of the product was consistent with compound 23
'H NMR (CDCL): § 7.3-7.1 (10H, m), 5.02 (1H, m), 4.98 (1H, s} 4.71 (LH, 9, J=1.8
1 He), 3.65(IH, 4, J=11.0 Hz), 3.02 (15, 1, J-11, 1.7 Hz), 2.60 (4H, m}, 2.20 (1H, d,
J=11.9Hz), 1.26 (6H, 5), (.86 (3H. 1, J=6.4 Hz).

HEMS (FAB): calculated: 529.3104; found 529.3113.

2004-500355

A 2004.1.8
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(compound 24):

Sy D\\/’/\‘\// Ty,

i |
D=\‘|5=O < /J
NK
Y
L
5 Cuompound 24 was prepared from compound 12 by a synthetic method
analogeus to that of Example 3--Step 6. A 33%4 yield was obtained.
Spectral analysis of the product was consistent with compaund 24
'H MMR (CDCLY): 8 7.3-7.0 (11H, m), 4.69 (1H, m), 4.2-4.1 (2H, m), 3.58 (IH, d,
J=10.6 Hz), 3.01 (1H,1d, 1=10.6, 1.7 Hz), 2.6-2.5 (2H, m), 2.18 (11, 4, ]=11.7 Hz).

10 HRMS {FAB): clculated: 417.1848; finmd 417.1838,

EXAMPLE 6

phenyl-butyl ester feompound 25):

s

Y

HACO 1

)®
o™ \l:
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Method I: Compound 25 was prepared from compound 12 by 2 synthetic
inethod analogous to thal of Example 3--Step 6. A 13% vield was obtaincd.

Spectral analysis of the product was consistent with compoand 25:
'HNMR (CDCL). 8 7.3-7.1 (6K, m), 6.42 (2H, 1), 4.66 (1H, n1), 4.2-4.1 {11, m), 3.78
(GH., 5), 3.76 (3H, 53, 3.63 (1H, d, J=10.8 Hz), 3.02 (1, td, 7=10.8, 1.8 Bz), 2.6 (2H,
m), 2.19 (1K, 4, }=11.9 Hz}.
M3 (FABY: 506 {M").
HRMS (FAB): caloulated: 639.1141; found 635.1124,

EXAMPLE7

Synthesis of 1-(1,1-Dimethyi-propylsulfamoyl)-piperidine-28-carboxylic acid 4-

phenyl-buty! ester (compound 26):

SUSUNA

o o o
N2

“

-

Y\

HNH

Compound 26 was preparcd from compound 12 by a synthetic method
analogous to that of Example J-Step 6. A 38% yicld was obtained.

Spectral analysis of the product was consistent with compound 26:
'H NMR (CDCly): 8 7.3-7.1 (SH, m), 4.9 (1H, ), 4.63 (11, , J-2.3 [15), 4.2-4.0 {111,
m), 2.58 (1K, d, J=10.7 Bz), 2.92 (1H, td, J=10.7, 1.8 Hz), 2.6-2.5 (2H, m}, 2.14 (1H,
d, J=11.8 Hz), 1.12 (6H, £, 0.82 (3H, t, J=6.6 Hz).

HRMS (FAR): calculaied: 411.2318; found 411.2308.
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EXAMPLE 8

Synthesis of [-(1, | -Dymethyl-prepy!sul famoyly-pyirolidine-28-carbox ylic acid benzyl

esler {compound 27):

N
o L
M e \\/ S
Q——5=——0 Q
. H
\'-.
5 Compound 27 was prepared from compound 14 by a synthetic method

analogous to that of Bxauple 3-Step 6. A 42% yield was obrained.
Spectral analysis of the produet was conststent with compound 27:
"H NMR (CDCL): § 7.4-7.2 {5H, m), 5.09 (2H, AB), 4.45 (1H, brs), 4.40 (1H, m),
340 {1H, m), 2.20 {1H. m). 1.23 {(6H, s), 0.83 (3H, 1, ]-G.7 Hz}.
10 MS (FAB): 355 (M'+H).
Analysis calculated tor C)sHyM:0,:5: C 57,60 H 7.39 N 7.90 S V.05; found: C 57.75

H736N7835904

47
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EXAMPLE 9

Synthesis of [-Phenylsulfamoyl-pyrrolidine-28-carboxylic acid benzyl ester

(cormpound 28);

A
oS

W
0=L=0 L]
!

Y

5 Compound 28 was prepared from compound 14 by a synihetic method
analogous 10 that of Example 3--Step 6. A 59% vield was obtained.
Spectral analysis of the product was consistent with corapaund 23:
"HNMR {CDCly): $ 7.6-7.0 (5H, m), 6.78 ([H, be 5, £.92 (2H, 5), 4.50 (1H, dd,
1=7.6, 3.4 Hz), 3.5-3.1 (2H. m), 2.4-1.8 (4H, ).
16 HRMS (FAB): calculated: 361.1222; found: 361.1226.
EXAMFLE 10

Synthesis of 1-{3,4,5-Trimethexy-phenylsul famoy3-pyrolidine-25-carbox ylic acid

benzyl cster (compound 29):

a8

JP
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30

Compound 29 was prepared from compouncd 14 by a gynthetic. method
analogous 1o that of Example 3-5tep 6. A 29% yield wag obtained.

Speetral analysis of the product was consistent with compound 29:
H NMR (CDCL): 8 7.5-7.3 (3H, m), 6.76 (1H, by 5), 6.45 (7H, §}, 5.0 (2H, AB),
4.46 (LH, dd, )=7.4, 3.2 Hz), 3.77 (6H, 51. 3.75 (3H, 5}, 3.5-3.2 (2H, m), 2.2-1.8 {4H,
m).
HRIME (FAB). calculated: 431.133%; found: 451.0522.

EXAMPLE 11

Synthesis of 1-(1,1-Dimethyl-propylsul famoyl}-pymolidine-25-carbaxylic acid 3-

pyridin-3-yl-propyl ester (compound 31):
Step 1: Synthesis of 1-(1,1-Dimethyl-propylsulfamoyl)-pyrrolidine-2S-carboxylic

acid {compound 30):

a==§=—=0 ©

To a methano! solation (1 ral) of componad 27 (32 myg, 0.09 mmol) was
added palladinm on charcoal (3 mg) at about 25 °C. The suspension was kept under
hydropen atraosphere {1 atmospheres) for about 1.5 hours and filtered through a pad
of eelite. The filtrate was concentrated to provide 24 g (quantitative) of a colorless
il

Spectral analysis of the colorless oil was consistent with compound 30:

49
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'ITNMR (CDCL): 3 8.3 {1, brs), 4.4 (LH, br s}, 4.37 (1H, dd, J=7.6, 3.2 H2), 3.41
(1H,1, J=6.2 Hz), 2.3-1.8 (4H, m), 160 (2H, m), 1.22 (6H, 5), (.83 {31, 1, Tm6.3 1{z).
Step 2: &ynthesis of 141, 1-Dimethyl-propylsulfamoyl)-pyrrotidine-28-catboxylic
acid 3-pyridin-3-yl-propy! ester (compound 31):

M.

" '°\./\/<\J

a=—s=—0

To a CHyCly selation {1 mL) of compound 20 {24 mg, 0.09 yumol) and 3-
pynidin-3-yl-propan-1-0l was added EDC (22.5 mg, .12 nunoly and HOBT (16 mg,
0.12 wmaly at about 25 °C. Alter sbout 20 hours, the mixture was diluted with
EtOAc {50 mL), washed with saturated NHaCl solution (2x50 mL), drred over sodium
sulfate and concenirated. The residue was purified by column chromatography (50%
EtOAc in hexanes) yielding 29 myg (85%) of a pale yellow oil.

Speciral analysis of the calorless 0il was consislent with compound 21-
"HNMR (CDCLY: § .43 (2H, br ), 7.5 (1H, i), 7.1 (1F, n7), 4.48 (O, br s), £.32
(LH, dd, J=7.7, 3.3 Hz), 4.2-4.0 (2H, m), 3.40(2H, ¢, ]-6.1 Hz), 2.62 (2H, ), 2.3-2.1
[LH,m), 1.55¢2H, m}, 123 (6H, 5), 0.83 (3H, t, J=6.4 H=),

HEMS (IFAB): calculated: 184.1957; found: 384.19a3,

50
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EXAMPLE 12

Synthesis of 1-Phenylsulfamoyl-pytrolidine-25-carboxylic acid 3-pyridin-J-yl-propyl

sster (compound 33):

Step I: Synthesis of 1-Phenylsulfamoyl-pyrrolidine-25-carbosiylic acid {compound

Compound 32 was synthes/zed from conpound 28 by a synthetic method
analegous to that set forth in Example 11--Step 1. An §1% vield was obtained.
Siep 2: Synthesis of 1-Phenylsulfermoyl-pyrroliding-2S-carboxylic acid

10 3-pyridin-3-yl-propyl ester feompound 33):

Compound 33 was prepared from compovad 32 by g syathetic mathod
analogous te that of Example 11-8tep 2. A 30% yicld was obtained.

Specital analysis of the procluct was consistent with compaund 33:

JP
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VH MR (CDCL): § 8.48 (2H, br 5), 7.2 (1H, br 5), 7.52 {1H. m}. 7.3-7.0 (611, m).
4.40 (1K, dd, J=7.8, 3.5 Hz), 4.2-4.0 (2H, m), 3.43 (2H, 1, 1=6.2 Hs), 2.71 (2H, m),
2.3-2.1 {(1H, m).

[RMS (FAB): calculated: 390.1433, found: 390.1474.

5 The compounds of the formula (1) may be readily prepared by standard
techniques of organic chemisiry, utilizing 1he peneral synthetic pathways depicted
below. The benzyl esters of 1he present invention may be prepared in the manner
depicted in Scheme 3 below:

Scheme 3

E[‘-'jﬁ(o" PhCHOH BF; ELO f\ 1 CSOH Er\‘ o en
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20

25

The following compounds were prepared according to Scheme 3 depicted
above:

EXAMPLE 13

Synthesis of 1-(3.4,5-Trimsthoxy-phenylsulfamoyl)-piperidine-25-carboxylic acid

benzyl ester (compound 36) and 1-sulfameyi-piperidine-28-carboxylic acid benzyl

ester {compound 37)

Step 1: Synthesis of piperidine-25-carboxylic acid benzyl ester {compound 34):

(D\"»\,Ph
H

a

To a CHpClg solution {60 mL) of (3)-(1)-1 -{carbobenzyloxy}-2-
piperidincacboxylic acid (10 g. 38.0 mmal) and benzyl aleohol (4.72 mL, 45.6 mmol)
were added EDC (14.6 g, 76 mmol) and DMAP (1.39 g, 11.4 rmol) al 25 °C. Afer
20 hours, the suspension was diluted with 100 mL of Eta(), washed with bring (21100
L), daed over Mg804 and concentrated. The crude oil was passed through a pad of
silicz pel (3% EtOAe in hexanes) to provide 12.3 g of colarless o, which was
dissolved ina 121 (wiv, 1000L) mixtore of Mez$ and CH2Clz, followed by addition
of BF3=Etad3. After 20 howurs at 25°C, the mixture was concentrated, diluted with
EtQAc ( (00 mL). washed with ice-cold 5% NaOH solution {1 X80 mL) and dried aver
NezS0y4. Afler removal of sulvent fn veeuo, Sg of brovn oil was obtained (66%
yield).

Spectral analysis of the product was consistent with compound 34:
"H NME (CDCL): & 7.45-7.3 (511, m), 5.24 (211, AT, 4.4L (111, br 5), 3.92 (111, dd,
I=11, 3.9 He), 3.50 (11, br ), 3.08 (18, m), 2.23 {111, m}.
Step I: Synthesis of I-Chlorosultonyl-pipendine-25-carbaxylic acid benzyd ester

{corapoundg 35):

JP 2004-500355 A 2004.1.8
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1

a._Fh

OﬁS\EIO o]
Compound 33 was prepared from compeund 34 by a synthetie method
avalogous to that of Example 3--Step 5. An 83% yield of conmpound 35 was obtained
Spectral analysis of the produet wasg eonsistent with compeound 35:
"M NMR (CDCL): § 7.5-7.3 (5H, m), 5.22 (2H, 5), 4.88 (1H, &, J=5.7 Hz), 3.97 (I1F,
4, J=12.8 Hz), 3.7-3.5 (1H, m), 2.22 (1H, dd, 1=12.7, 1.9 Hz), 2.0-1.9 (1H, m), 1.3-
1.65 (3H, m), 1.5-1.3 (1H, m).
Siep 3: Synthesis of 1-(1,4,5- I imcthoxy-phenylsulfamoyl)-piperidine-2S-carbos ylic
acid benzyl ester {compound 36) and L-sulfamoy]-piperidine-25-carboxylic acid
benzyl ester {compeund 37):

i om

o8 o
NH
o E“
Mao—y, 4 N]\ﬂ/ovph
el OMe ef o
Nz
16 a7

Compound 36 was prepared from compound 35 by » syuthetic methad
analogous o Example 3--Step 6. Compound 36 was abiained in 21% vield.
Compound 37 was alse isolated from the reaction in 30% yield.

Spectral analysis of Ihe product was consistent with compowund 362
LH NMER (CDCl3): 8 7.45-7.3 (5H, m), 7.08 (1H, bre), 6.49 {2H, 5}, 5.24 (2H, g
(AB), Fapp=12 He), 4.82 (IR, br 4. 7=2.5 Hz), 3,84 (6H, 5), 3.81 {314, 5), 3.69 (1H], br

d, 1=11.5 Hz), 3.11 {1 H, ®d, }=11.8, 3 Az), 2.30 (114, d, J=13 Hz).

JP
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M$ (FAR): 464 (M*),
Spectral analysis of the product was consistent with eompound 37:
TH NMR (CDC1): 3 7.45-7.3 (5H, m), 519 (2H, AD), 4.87 (8, brs). 4.77 (11, br d,
J—4.2 Hz), 3.64 (1H, brd), 3.80 (1H, 1d, J=12.3, 3 Hz), 2.32 (1H, br d).
EXAMPLE 14

Synihesis of 1-(1,1-Dimethyl-propylsullamoyl)-piperiding-28 carboxylic acid benayl

oster {compound 38) and 1-sulfamoyl-piperidine-2S-carboxylic acid benzyl sster

compound 37)

Step 1: Synthesis of 1-Chlorosulfonyl-pipenidine-25-carboxylic acid benzyl ester

{compaund 35):

» . __Ph
O=S\=0 Q
ol

Compound 35 was prepated aszlogous to Example 13--Step 2.
Step Z: Synthesis of 1-(1,1-Dimehyl-propyIsulfamoyl)-piperidine- 25-carboxylic acid

benzyl ester {sompound 38) and |-sulfameyl-piperidine-28-carboxylic zeid benzyl

ester {compound 37):
-
(\ LN Q.. _.Ph
)
78 o)
C.__.Ph =
wlwr“f e
oE 0 {
4, 7
37 a8

Compound 38 was prepared from compound 35 with 35% yield by a svothetic
method analogous to Bxample 3-Slep 8. Compound 37 was also isolated from the
Teuction n 44% yiell

Spectral analysts of' the product was consistent with compound 38:

36
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m

1H NMR (CDCly): § 745-7.28 (51, m), 520 (2H, g (AR}, Jopp=12 Hz), 483 (1H, 5),
4.78 (1B, d,J-3 Hz), 3.64 (1H, brd, J=11.5 Hz), 3.03 (IH, td, J-11.8, 3.2 Hz), 2.28
(IH, d, J=13.5 Hz), 1.28 {6, &), 0.8 (3H, 1. J=6 Hz).
HEMS {FAB): caleulated for C1gHzgN2048Na (M+Na™h 391.1667; found
391670

EXAMFLE 15
Synthesis of {-(3,4,5-Trimethexy-phenylsulfamoyl)-piperidine-25-carboxylic acid

(compeund 39

Step I: Synthesis of 1-(3,4,5-Trimethoxy-phenylsulfamoyl)-piperidine-2S-carbox ylic

acid benzyl ester {(compound 36):

OY,VP,,

N
o ©
N

Compound 36 was preparat analogous o Example 13--Step 3.
Step 2: Synthesis of 1-(3,4,5-Trimethoxy-phenylsulfamoyl)-piperidine-28-carboxylic

acid {compound 38)

(E“j\ron

08, O
H

MeO
meg  OMe

Methad I: A meihanol selution {5 mL) of compound 36 {240 my, 0.52 mmol)

was added 10% Pd on carbon (24 mg) and kept under hydrogen atmesphere (1 atm}

JP 2004-500355 A 2004.1.8
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for 1.5 hours. Afier filteting off the catalyst, the solvent was remeved to give 200 mg
of white solid {quantitative).
Spectral analysis of the product wag congistent with compound 39:
LH NMR (CDCIz): 6 8-7.8 (1L brs), .22 (TH, brs), 478 (1H, br d, J-3 B2), 3.82
(CH, ), J.81 (3R, 5), 370 {LH, be d, ]=13 Hz), 3.19 (1H, 1d, J-13, 3 Hz), 2.25 (IH, 4},
J=128 Hz).
EXAMPLE 16

Synthesis of 1,1-Bioxo-2-4(3 4.5 timeiboxy-phenyly-hexahydio-1-[1,2,5] thiadiazolo

2,3- idin-3-oue {compound 40
Step 1: Symibesis of 1-(3,4,5-Trimethox y-phenyleul lanoyD)-piporidine-28-carboxylic

acid (compound 393

S, o]
NH

MeO
Meg  OMe
Compound 39 was prepared analogous to Example 15--Step 2.
Step : Synihesis of 1,1-Bioxo-2-(3,4,5-trimethoxy-phenyl)-hexahydro-1-[1,2,5]

thiadiazolo [2,3-] pyridin-3-one {(compaund 40):

Q28

=N

ety Ohde
hNeQ

To a DMF solution (2 ml.) of compound 39 (30 mg, 0.13mmal) were wided

-(7-nzabenzotriazgl-1-¥1)-2,1,3,3-tetrametlhy| amonivm hexaflusrophosphate

58
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(ITATU, 61 mg, 0.6 mmol} and diisopropy] ethy] amine (50 M), The mixture was
stirred at 25°C far 24 hours, diluted with Et0 (25 mL), washed with brine (3x30
mL) and dried over MgS04. After evaporation of organic solvents, the residue was
purified by columa chromatography (50% ErQAc in hexanes) to give 20 myg (33%
yield) of eff-white solid.

Spectral analysis of the product was consistent with compound 49:
TH MMR (CDCl3): & 6.63 (2H, 5). 3.93 (1H, dd. J=13, 3 Hz}, 3.87 (9H, s), 3.84 {IH,
br d), 3.07 (1H, W, J-13, 3 Hz), 2.3 (1H, m}, 2.1 {1H, m).MS (ESP') 379 (M-+Na*).

EXAMPLE 17

Syathesis uf {(3)-1-(G-Morphulin-4-yl-pyridin-3-ylsul famay[)-piperidine-2-carhoxylic

acid benzyl ester (compound 86}
Step 1: Synthesis of [-Chlorosulfonyl-piperidine-28-carbexylic acid benzyl ester

(compound 353

("Nj\’r{)\/,l)h
Q=5=0 0
T

Compound 35 wis prepared anglogous 1o Example 13--Step 2.

Step 2: Synrhesis of (3)-]-(6-Morpholin-4-yl-pyridin-3-visulfameoyi}-piperidine-2-

corboxylic acid benzyl ester {compound 86:)

s
0:8-0
NH

-

59
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Compound 86 was prepared from the sulfamoyl chloride {compound 35) and
G-marpholin-4-yl-pyridin-3-viamine by a synthetic method analegous to the method 11
of compound 25 synthesis. During the worlk-up of the reaction, coucentrated cupric
sulfate solunion nstcad of HCI solution was used to wash off 3.5-lutidioe. A 72%
vield was obtained for the title commpound.

Spectral analysis of the product was consisient wilh compound §6:

"W NMR (CDCL): § 8.09 (1H, d, J=2.4 Hx), 731 {JH, dd, J-9,2.7 Bz), 7.42-7.51

(3H, m), 6.78 (1H, brs), 6.39 (1H, d, 1=9 Hz), 5.23 (2H, AB), 4.76 (1H, br d}, 3.31

(4H. t, }=4.5 Hz), 3.61 {1H, br d), 3.47 (1H. v, J-4.8 Hz}, 3.10 (1K, 1d, J-12.6, 3.3

Hz), 2.27 {1H, m}.

HRWMS (MALDI} calculated for CaypHgNy0:SNa (M +HNa') 483.1673; found 4831081,
CXAMPLE 18

Synthesis of |-(G-Methexy-pyridin-3-ylsulfameyl-piperidine-2§-carboxylic acid

benzyl cster {compound 87)

Step 1: Synthesis of 1-Chlorosnifenyl-pipendine-2S-catboxylic acid benzyl ester

(compours] 33):
[;LWQ“%
Q=8=C 0
o

Compound 33 was prepared analngous to Example |13--Step 2.
Step 2: Synthesis of 1-{6-Methoxy-pyridin-3-ylsulfamoy)-piperidine-2S-carboxylic

acid benzyl ester (compeund §7):

JP 2004-500355 A 2004.1.8
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%
[LEL

.

20

Compound 87 waﬁ.‘. prepared front the suifamoy] chloride {conmpound 35) and
G-mgthexy-pyridin-3-ylamine by 8 symthetic methed analogous to the mathed 1L of
compound 25 synthesis. During the work-up of tho reaction, soncentrated cupric
sulfate solution instead of HCI solution was used 1o wash off 3,5-Iutidine. An 89%,
yiekl was oblained for the litlz compound.

Spectral analysis of the product was consistent with compound 87:

'H NMR (CDC): § 8.04 (1H, d, J=3 Hz}. 7.56 (1H, dd, /=9, 2.7 Hz), 7.42-7.32 (5H,

m, 6.57 (IH. brs), 6.69 (1H. d, =53 Hz). 5.22 (ZH, AI3), 4.77 (1H, br d), 3.91 (2H,

5), 3.62 (1H, br d), 3.08 (1H, td, J=12.3, 3 11z}, 2.28 (15, m).

HRMS (MALDI) calevlated for CoHlzyNyCsSNa (M+Na") 428.1251; found 428.1249,
EXAMPLE {9

Synihesis of 1(§)-1-{cis-2,6-Dimethyl-movpholine-d-sul fonyl)-piperidine-2-

carbroxylic acid benyl esler (compound 88}

Step 1: Synthesis of 1-Chloresulfonyl-piperidine-28-carboxylic zoid henzyl ester

{compound 35):

qﬁﬁﬁ“/“
0=3=C 0O

o

Compound 35 wae prepared analogous to Example 13--Srep 2.
Step 2: Synthesis of (S)-1-(cis-2,6-Dimethyl-morpholine-4-sutfonyl)-piperidine-2-

carbexylic acid benzyl ester (compound 85):

L.18
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Lompound 88 was prepared from the suifamoyl chloride (compound 35) and
wig-2,5-dimethyl-morpholing by a synthctic methed analogous to the method 1L of
compound 235 synthesis. A 99%, yield was obrained for the title compound

Spectral analysis of the product was consistent with caiupound 88
"H NMR {CDCls): & 7.4-7.3 (513, m), 5.19 (2H, AR), 4.57 (1H, br ¢), 3.68 {1H, br d),
3.52 (2H, m), 3.46-3.2G (3H, m), 2.41 (2H, q, J=12 Hz), 2.1% (1H, m).

HRMS (MALDI cateulated for CqHasN,058 (M-H"Y 397.1792; found 397.1806.

EXAMPLE 20

Synthesis of compound 89

Cempound 89 was prepared from (5)-piperidine-2-carboxylic acid imethyl
ester hydrochloride salt by a2 method analogous to the synthesis of compound 21. A
26% yield was obtained for the hitle cormpeund.
Spectral analysis of the product was copsistent with compound 8%
"H NMR (CDCl): 6 4.83 (11, br d), 3.93 (111, br &), 3.80 (36, 5), 3.64-3.52 (111, m),
219 (1H, m), 1.96 (1H, m).
EXAMFPLE 2L

Symthesis of {8)-1-{3.4,5- Tnimethoxy-phenylsul famoyl}-pipetidine-2-carboxylic acid

methyl esier {compound Y0

62
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Step 1: Syothesis ol compound 89:

\T O,
Cl,sso2 Q

Compound §9 was prepared analegous to Examnples 20,
Step 2: Synthesis of (8)-1-(3,4,5-Trimathoxy-phenylsulfamoyl)-piperiding-2-

carboxylic acd methyl ester {compound 90):

OMa

Compound 90 was prepared from the sulfamoyl chloride (compound 89} and
3,4,5-wimethox y-phenylamine by 2 synthetic method snalegous to the method 1T of
campound 23 synthests. An 88% yield was obtaired for the title compound.

Speciral analysis o[ Ihe praduct was consislent with compound 90:

H NMR (CDCL): § 7.0% (1H, 53, 6.50 (2H, 5), 4.77 (LH, br 5), 3.85 (5H, s), 3.81 (611,

s, 270 (1H, brd), 3.11 {11 14, J=12.6, 2.7 [1x), 2.27 (LH, br 6.

HRMS QMALDI) calculated for C; (HasN20-8 (MHH™) 389.1382; found 3891305,
EXAMPLE 20.5

Svyathesis ol (3)-2-{6-Phenyl-hexanoyl)- piperiding- 1 -sul fenic acid {3,4,5-trimethoxy-

pheuyl)-amide {compound 119}

Step 1: Synthesis ot (8)-1-(2,4.5-Trimethoxy-phenylsulfanioyl)-piperiding-2-

carboxy e acid methyl ester (compound 90):

63
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OMe
Me

Me
Compound %) was prepared anglegous to Example 21--5tep 2.
Step 2: Synibesis of {$)-2-(6-Phenyl-hexanayl}- pipetidine- E-sulfonic acid (3,4.5-

trimethoxy-phenyl)-anvide (compound 119):

Ohle
Me MeO  huga

a0 113

At 40°C, 5-phenylpentylbromide solution (115 g. 5 nunol} in «ther (5 mlL)
wits slowly added to magnesium wmings with vigorous agitetion uader Argon. The
exolhermic reaction was initialized aller addition of onc quarter of the bromide
solution. Once {he akdinon was completed, the sngpension was healed al retlux for 30
H mninutes and most of magnesium was dissolved. The resulted 1M Grignard reagent
was coolel to -20°C and added the methy! cster {compaund 90, 100 mg, (225 mmol)
in THF solution {2 mL). The mixture was warmed te 25%C and stirred al that
tempetature for 26 lours. Saturated amonua chilonde (1 ml) was introduced ter
quench the reaction, The suspension was extracted with ether (Tx50 mL). ‘the

i5  organic phase was collected, dried and concentrated. The residue was puarified by

64
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flash calusin chromatography {25% EtOAc in hexanes) followed by preparative TLC
{1% THF in CH:Cls) to pive 1.2 mg (1% yield) of the title compound.

Spectral analysis of the product was conststent with compound 119:
'H MMR {CDCly): § 7.33-7.1 {5H, m), 6.91 (1H, 5), 6.50 [2H, 5), 4.60 (11, br d), 3.85
(6H, ), 3.8 (3H, 5), 3.67 (LU, hrd}, 313 (IM, td, T=12.6, 3 Hz), 2.61 (ZH, | J=7.8
Hepy, 2.50 (21, m}, 2.22 (1H, brd}.
LCMS: 503 (M-H").

EXAMPLE 22

Synthesis of 1-{3.4,5-Trinelhoxy-phenylsulfamoyl)-piperidine-2§-cacboxylic acid
compaund 39

Step I: Synthesis of (8)-1-(3,4,5-Trimethoxy-phenylsuifamoyl)-piperidine-2-

carboxylic acid methyl ester {compound $0):

Campound 90 was prepared analagans to Exantple 2]--Step 2
Siep 2: Synthesis of 1-(3,4.5-Trimethoxy-phenylsulfamoyl}-piperidine-28-carboxylic

acid (componnd 39):

63
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Metirod EL: At 0"C, the methyl sier {compound 90, 700 mg, 2.35 mmol) in
methanol (5 mL) was treated with 1% NaOH solution (5 mL). After 24 hours al 23°C,
the mixmure was concentrated in vacuo, and acidified by addition of tee-cold 10% HCI
soiulion (pH~1). The aguecus sotutivn was extracted with CHCl; (3x50 mL),
Combined arganic layers were dried and concentrated to afford 540 me (31% yield)
of the title compovnd as a white foam.

EXAMPLE 23

Synthesis of (8)-1-(3,4,5-Trirethuxy-phenylsul fame yl}-piperidine-2-carboxylic acid

(3-piperidin-1-yl-propyl)-amide (compound 13

Step L: Synthesis of 1-{3.4,5-Trimethaxy-phenylsul famoyl)-piperidine-25-catboxylic

acid {compound 38):

QH

Wl
Meg  OMe

Compound 3% was prepared analogons to Example 22--Stop 2.
Step 2: Synthesis of (8)-1-(3.4,5-Trimethoxy-phenylsulfamayl )-piperidine-2-

carboxylic acid (3-piperidin-1-yl-propyl)-amide (compound 91):

Iyl
N N\_,-/‘\/O
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To u CHZCL; selution (1.5 miL) ef the carboxylic acid (compound 39, 79 mg,
0.21]1 mmeol) and the N-aminepropyl piperidine (1{my, ¢.703 mmol} was added
EDC {121 mg, 0.633 mmol}. The mixture was stired for 20 hours and concentrated
in vacue. The rosidue was purified by reverse phase HPLC 1o give 55 mg (52% yield)
nfthe title coppound

Spectral analysis of the product was consistent with compound 91:
"H NMR (CDCly): § 7.79 (1H, br 1), 6.54 (2H, 5), 441 (1H, be 5), 3.83 (6H, 5}, 3.81
(3H, 5), 372 (11, br d), 3.61 (2H, brd), 3,52-3.38 (2H, m), 3.33-3.22 (1H, m), 3.11
(211, m}, 2.64 (2H, m).
HRMS {MAI DI calculaied for CoHaeN QS (M+HT) 439.2590; found 499.2580

EXAMPLE 24

Synthesis of compound 92

Ao Ty °§ s g
= ; EiGH i} 92

H

To 2 THF solution (50 mL) of 3-pyridinepropanol (2, 14.6 mmot) were added

phihalimide (2.6 g, 17.5 mnel), triphenylphosphine (4.5% g, 17.5 mmoel) and dicthyl

azodicarboxylate (3.05 g, 17.5 mmol) scquentizlly. The solution was stimred for 48

nours and concenirated. The gyrup was redisselved in EIQAc (100 mL), washed with

brine (23{100 mL), dried and concentrated. The residue was added EtOH (50 mL),

followed by hyirazine (0.5 g). The solution was heated ar 55"C for 30 minutes.

Large amount of precipiiate was produced. The suspension was filtered after cooled

10 room temporaure. The filtrate was concentrated fn vewue 1o give a reddish oil

which was treated with 1% HC solution (10 mL}. The aqueous solntion was washed

with EtOAc (25 ml.) and Eta0) (25 mL), and hasficd to pl(>12 by additien of 1ce-cold

&7
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10% MNaCH xsolution {§ mL). The mixture was extracted with CIT:Clz (330 mL).
Combinad erganic layers were dried and concentrated to give 145 2 (74% yield for
lwo steps) of the litie compomnd a5 & pale yellow oil.

EXAMPLE 25

Synthesis of (5)-143.4,5- Trimsthoxy-phenylsultamayl}-piperidine-2-carboxylic acid

{3-pyridin-3-yl-propyl)-amide {compound 93}

Step 1: Synthesis of 1-(3.4,5-Trimethoxy-phenylsul Famey])-pipendine-25-carboxylic

acid (cormpound 38):

(al\lj\'rOH

08, ©
NH

Mel
Mag  OMe

Compound 39 was prepared analogous to Example 22--Step 2.
Step 2: Synthesis of (8)-1-(3,4,5-Trimethoxy-phenylselfamoyl-piperidine-2-

carhoxylic acid (3-pyridin-3-yl-propyl)-amide (compaund 53):

OMe
M Me

Compound 93 was prepared from the carbaxylie acid {compound 39) and 3-
pyridin-3-yl-mopylamine by a synthetic method analogous o the syntbesis of
compound 91. An 8.5% yicld was obtaéned for the title compound.

Spectral analysis of the product was consistent with compound 93:
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"H NMR (CDCL): 6846 (2H, m), 807 (1H, br sy, 7.53 (1H, d, I=7.8 Hz), 7.24 (11,
dd), 5.52 (2H, ), 6.4 {1, br t}, 4.48 (| H, br d), 3.81 (10H, lwc s and one m), 3.23
(2H, m), 2.96 {18, br 1), 2.6] (11,1, J=7.2 Hz), 175 (2H, p, I=7.5 Hz).
EHIRMS {MALDD calenlared for CaHaaNaOS (M+HT) 493.212(; faund 4932101
5 The sulfamide compounds of the present invention may be prepared in the

manner depicted in Soheme 4 below:

G o

r\‘ O\/\/\ph 3 5-tiding h‘.l
CIsC, O RETH $02 [
12 RE“‘R"

wherein R 15 H. OH, and methyl;

R ig hydrogen, 4-methoxyphenyl, phenyl, 3,5-dimethoxyphenyl, 3-nitrg-4-
'%NH

N e

i - N Q Ng
10 methoxyphenyl, 3-amino-4-methoxyphenyl, f—— H .

%_{Ij UMc, _%-N:j) _%{}_DMB“ —§»~N©g ) -%“@Cl,

-F
- 3 - . OMe
JQJ:JJH‘ -§-<\:}—Ni_>ol éQF _g_(@—ca! —i@ ?@ ‘
amd -%G

Ole:

™ {u ()

Db,
?:2 4
R* and R can form CHOMNHz » and

15 The following compounds were prepared according o Scheme 4 depicted

above:
EXAMPLE 26

Svathesis of piperidine-25-carboxylic acid 4-phenyl-butyl ester (compoung 11}

JP
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Step 1: Syulbesis of piperidine-1, 28-dicarboxylic acid 1-ters-btyl ester 28-(4-

phenyl-butyl) ester (compound 10):

QWO\,\,\%
Boc @

Compound 10 was prepancd analogous 1o Examiple {--8tep 3.
Step I: Synthesiz of piperidine-2S-carboxylic acid 4-phenyl-butyl ester

(compouodl 1)

(ijfo\/\/\ww
Hoo

Method F: Compound 10 was treated with trifluaroacetic acic at 25C,
alfording compound 11 in 90% vield.

Method II: Ta a CHzClz solution (80 mL} of (S)-(1)-1-(carhobenzyloxy)-2-
piperidincarboxylic acid (12.8 g, 48.6 mmol) and 1-phenyl-butan-4-ol (8.6 mL, 55.9
mirnal) were added EDC (14 g, 72.9 mmol) and DMAF (2 g, 16.5 mmol} at 25°C.
After 20 hours, the suspension was diluted with 120 mL of Et20, washed with brine
{2%100 mL), dried aver MgSO4 and concentrated. The erude oil was pussed through
a pad of silica gel (5% EtOA¢ in honanes) 1o provide 18 g (94% yicld) of colorless oil,
which was dissolved in 100 mL of EtGH. The solution was added 10% Pd an carbon
{1g) and kept under hydrogen atmosphere (1 atm) for 20 lours. The catalyst was
fillered off. After removal ot solvent i vecuoe, 12.5 g of brown ofl was obtained

--98% yield).

T
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EXAMPLE 27

Synthesis of 1-(3 4.5-Trimethoxy-phenylsul famoyl)-piperidine-25-carboxylic acid 4-

phenyl-butyl ester (compound 25) and }-Sulfameyl-piperidine-25-carboxylic acid 4-

phenyl-butyl ester (compound 411

Step 1: Synihesis of 1-chlorosulfoayl-pipeddine-28-carhaxylic acid 4-phenyl-butyl

ester {compound 12}

o
CISG; O

Cormpound 12 was prepared analogous W Exampie [--Slep 3,
Sicp 2: Synihiesis of 1-(3,4,5-Trimetboxy-phenylsul famoyd)-piperidine-2§-carboxylic
acid 4-phenyl-butyl ester {compound 25] and 1-Sulfamoykpincridine-25-carbaxylic

agid 4-phenyl-butyl ester {compound 41):

G oo,

i

$0; ©

- (Ao

Mao— ¥ e
. 0, 0
MeC  ome Ny
H
2 a1

Methed I: Compound 25 was prepared rorn compound 12 by a synthetic
mcthod analegous to Example 3--Step 6. Compound 25 was obtuined in 13% vield.
Compound 41 was also isulaled from the reuction in 32% yield.

Spectral analysis of the product was cansistont with compomd 25:

"B NMER (CDCLY 57371 (6H, m), 642 (20 21, 469 (1H, m), 4 2-4 1 [IH. m), 178
(6H. 5), 3.76 (3H, £, 3.63 (1H, d, T=12.8 Tz}, 3.02 (161, ed, }=12.8, 3 Hz), 2.6 (2H,

w), 2.19 (1H, d, 7-12 Hz)
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w

20

M5 (FAT): 506 (M').

HRMS (FAB): calculated for C25H34N2075Cs (M+CsT) 639.1141; found 6391124,
Analysts for C75H34N2C78: caloulated. C 32.27% H 6.76% N 5.33% 5 6.33%;
found C $9.35% H 6.79% N 5.54% 5 6.34%.

Spectral analysis of the product was consistent with compound 41:

LI NMR (CDCI): & 7.55-7.1 (5H, ), 4.90 ¢2H, br s}, 4.72 (1H, m). 4,15 (2H, m),
3.63 (1H, br 4, J=11.5 Hz), .00 (1H, 1, J=1 1 B, 3.3 Hz), 2.65 (2H, m}, 2.27 (214, &,
I=13.5 Hz)

Method I1: To 2 3,5-lutidine solation {1 mL) of 3,4,5-trimethox yaniting (176
mg, 0.96 mniol) was zdded compound [2 {115 mg, 0.32 mmol} in CHzClz (1 mL) at
25 °C. After 20 hours, the maixnure was diluted with EtOAe (200 mL) and washed
with 3% HC solution (ice-cold, 1250 mL) and bring {150 ml.). The solution was
uried over MgSQO4 and concentrated. The residue was purified by eolumn
chromatography {25-30% EtQAc in hexancs) 1o provide 163 mg (guantitative) of
compeund 25 as & wiite solid.

EXAMPLE 28

Synthesis of (8)- | {&-mompholin-4-yl-phenylsulfanoyl)-piperidine- 2-carboxylic 4-

phenyl-butyl cater (compeund 42)

Siep I: Symbesis of 1-chiorosulfomyl-piperidine-25 carbaxylic acid 4-phenyl-Luty]
ester (compound 12):

LN 0\_'/\_\/\Pn

cIs0, ©

Compound 12 was picpared analogous to Examyle 1--Slep 3.

T2
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Step 2: Synthesis of {5)-1-{4-nmorpholin-4-y1-phenyisulfamoyl}-piperidine-2-

carboxylic 4-phenyl-bulyl ester (compound 42):

N WPN

Compound 42 was prepared from compound 12 by a synthetic mathed
analegous 19 the methed 11 of compound 235 synthesis, A 25% visld was obtained.
Spectral analysis of the produet was consistent with compound 42:
LH NMR (CDCI): 8 7.35-7.1 (FH, m), 6.93 (114, 5), 6.86 (2H, d, 1=8.3 Hz), 4.72 (1K,
m), 4.21 (2H, m), 3.85 (4H, m), 3.61 (1H, br d), 3.15-3 (SH, m), 2.65 (2H, m), 2.21
(1H, br d).
HRMS (WALDI): calovisted for C2gH35M3045 (M1) 501.2292; found 5012314,
EXAMPLE 29

Synthesis of 1-[(4-methoxy-phenyl}-metiyl-sulfamoyl]-pipetidine-25-carboxylic acid

4-phenyl-butyl ester (eompound 43)

Step 1t Synthesis o 1chlorosul fonyl-piperidine-25-carbexylic acid 4-phenyl-butyl
ester {compound 12):

Er‘,] O\"A\/\Ph
Cise, O

Compound 12 was propared analogous to Bxemple 1--Step 5,
Step 2: Synthesis of 1 -{{4-Methoxy-phenyl)-methyl-sulfamoyl]-piperidine-2S-

carboxylic acid 4-phenyl-butyl ester (compound 43}:

JP
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Compound 43 was prepared from compound 12 by a synthelic method
analogous ke the method 1T of compound 25 synthesis. A 95% yiell was oblained.

Spectral analysis of the produer was consistent with compound 43+
THNMR (CDCHY) § 7.4-7.1 (TH, m), 6.86 (214, d, 19 13z}, 4.46 ([H, m}, 4.16 (2H,
m), 3.79 (3H, s), 3.56 {1H, br d), 3.30 (1H, td, I-12.8, 3 Hz), 3.16 {3H, ), 2.64 (2H,
m), 2.08 (1H, br d).
HBRMS (MALDL): calculated for CoqH32N2055Na (M+Na¥) 483.1924; found
483.1513.

EXAMPLL 30

Synthesis of I-(Methyl-phenyl-sulfamoyl)-piperidine-2§-carboxylic acid 4-phenyl-
butyl estor {conmipound 44)

Step 1: Synthesis of I-chiorosul fanyl-piperiding-2S—carbexylic acid 4-phenyl-butyl

ester (compound 12):

o~

[ o

N i )
cl50, O
Compound 12 was prepared analogous 10 ixample 1--Step 5.
Step 2: Symhesis of 1-(Methyl-phenyl-sulfamayl)-piperidine-15-carboxylic acid 4-

phenyl-buryl ester {campound 44}

JP 2004-500355 A 2004.1.8
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%{)\/\/\ B

0% 0

(1

O

analogous to the method I1 of cormpound 27 synthesis. A 49%, yicld was abtained,

Compuound 44 was prepared from cumpound 12 by a synthetic method

Spectral analysts of the product was consistent with compound 44:
TH NMR (CDClay. & 7.4-7.1 (10H, m), 4.47 {1H, d, I=4.8 Hz), 4.16 (2H, m}, 3.56
(YK, brd), 3.33 (IH, dd, J=12, 3 tlx), 3.24 (11, dd}, 3.21 (3H, 5), 2.64 {2H, m), 2.07
1113, m).
HRMS (MALDL): caleulated for Cg3H3pN2048Na (M+Na®) 4531818, found

453.1803.
EXAMPLE 31

Synthesis of 12 -Cxo-2,3-dibydw- 1H-heoznimidazol-S-ylsul Tasyl)-pipericine-2-

carbosvlic acid 4-phenyl-butyl ester {compound 45)

Step [: Synthesie of |-chlorosulionyl-piperidine-28-carboxylic acid 4-phenyl-butyl
cster (compound 12):

[/\
y O e
) Fh

CIS0, ©
Compound 12 was preparcd analogous to Example 1--Step 5
Step 2; Synthests of 1-{2-0x0-2,3-dihydro- 1 H-benzotmidazol-3-ylsulfamoyl)-

pipetidine-2-carboxylic acid 4-phenyl-butyl ester (eompound 43):

JP 2004-500355 A 2004.1.8
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O™y

I

HN NH
“(O
Conpound 45 was prepared from compound 12 by 2 synthetie methed
analogous to the method U of compound 25 synthesis. 4 70% yield was obtained.
Spectral analysis of the product was consistent with compound 45:
VH NMR (CDCl3): § 735-6.8 {8H, m}), 4.75 (LH, m}, 4.22 (2B, m), 3.66 (1H, m),
3.08 (11, br v, 2.66 {2H, m), 2.24 (lH, br d).
HRMS (MALDI): calculated for Cp3HagN4058 (M™) 4721775, found 472,1784
EXAMPLE 32

Synthesis of 1-(6-Mcthoxy-benzothiazol-2-ylsulfameyl)-piperidine-28-carbaxylic

acid 4-phenyl-bulyl ester (compovnd 46)

Step 1: Synthesis of L-chlerosulfonyl-piperidine-23-carboxylic acid 4-phenyl-butyl

ester {compound 12):

N O " En
C180, O

Compound 12 was preparsd analogous 1o Cxample 1--Step 5
Step 2: Synthesis of 1-(6-Methoxy-benzothiazol-2-yisulfamoyl)-piperidine-28-

carboxylic acil 4-phenyl-hutyl ester (compound 46):

A 2004.1.8
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Compound $6 was preparsd from compeound 12 by a syuthetic method
analogous to the method 1T of compaund 23 synthesis. A 2% yield was obtained.

Spectral analysis of the product was consistent with compound 46:
HINME (CDCla) 8 7.55 (1H, brsy, 7.35-7.1 (6H, m), .78 (1IL, m)}, 6.71 {LH, dd,
I=9.5, 3 Hz), 4.68 {11, br s), 4.08 (2[1, m), 3.78 (311, s}, 3.73 (1H, m}, 3.39 {11, 14,
J=11.8, 2.6 Hey, 2.63 (2H,m), 215 (LH. d, J=T4 Hz}
HRMS (MALDI): caleulsted lor CogHynN10557 (M+H™) 504.1621; found
s01.1623,

EXAMPLE 33

Synthesis of 1-(Pymol-1-ylsulfamoyi})-piperidine-28-carbox ylic acid 4-pbenvibuiyl
ester (compound 47)

Siep 1: Synthesis of 1-chlorcsulfonyl-piperidine-28-carboxylic acid 4-phenyl-butyl

ester (eompound 12):

(o
I’:! Nph
CI80; ©

Compound 12 was prepared analogous to Fxample 1--Step 5.
Siep 2: Synthesis of 1-{Pyrrol-1-ylsnlfamoyl)-piperidine-25-carboxylic acid 4-

phenylbuty] ester (compound 47):

17
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Compound 47 was prepared from compound 12 by a synthetic methad
analogous to the method IL of compound 25 synthesis. A 90% vield was obtained.

Spectral analysis o[ the produet waus consistent with compound 47:
TH NMR (CDCla): 5 7.60 (1H, ), 7.35-7.1 (6H, m), 6.85 (2H. 1, 7=2.5 Hz), 6.12 (2H,
1, 1=2.5 Hz), 4.59 (1H, m), 4 21 (2H, m}, 3.69 {1H, br d} 319 {1H, t, I=12.7, 3 Hz),
2.65(2H, m). 2.22 (1H, br d}.
HRMS (MALDI: cateulated for CapHaN3045Na (M-Nat) 428.1614; found
4281632,

EXAWMPLE 34

Synthests of 1-(3,5-Dimethoxy-phenylsul famoyl)-piperidine-25-carboxvlic acid 4-

phenyl-hutyl ester (compound 48)

Step t: Synthesis of 1-chiorosulfonyl-piperidine-25-carboxylic acid 4-phonyl-butyl

oster {compound 12):

t
‘-N/ fD\_/‘\/“‘-Ph
@80, O
Compound 12 was prepared analogous to Example [--Step 3.
Step 2: Synthesis of 1-(3,5-Dimethaxy-phenylsulfameoyl)-piperidine-28-carbonylic

acid 4-plienyl-butyl ester (eompound 48}

78

JP
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OWPh

-z

08 O

MeC
Onla

Compound 48 was prepared from compound 12 by a synthetic methed
analogous to the methed 11 of compound 25 synthesis. A 93% yield was obtained.
Spectral analysis of the product was consistent with compound 48:
TH NMR.(CDCi} § 7.3-7.1 (5K, m), 640 (2H, d, J=2.3 Hz). 6.21 (1H, 1, ]=2.3 Hz),
5.29 (3H, brs), 4.75 [1H, m), 4.19 {2H, m}, 277 (6H, 5}, 3.68 (1H, br d}, 3.10 (1H, t],
J=12.8, 3 Hz), 2.65 (26, m), 2.24 (1H, br d).
HRME (MALDI): calculaled Jor CagH33MN068 (M+H™) 477.2054; found 477.2070.
EXAMPILE S

Synthesis of 1-i6-methaxy-pyridin-3-yisulfamoyl)y piperiding-28-carboxylic acid 4-

phenyl-butyl ester {compound 49}

Step 1: Synthesis of I-chlorosot [onyl-piperiding-28-carboxylic acid 4-phenyl-butyl
ester fcompound 12):

e

LI\:’ 0\/‘\/“\,:,.‘
CisQ, O

Compound 12 was prepared analogous to Cxample 1--Step 5.
Step I: Svnthesis of 1-(6-Methaxy-pyridin-3-yvisulfamoyvl)-piperidine-25-carhaxyhe

acid d-phenyl-tutyl ester {sompound 49):

7
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%DWPh

o O
H

NN
MeO

Comppound 49 was prepared from compaund 12 hy a spihetic method
analogous te the methed J1 of cormnpound 25 synthests. A 96% yield was oblained.

Spectral analysis of the product was consistent with compound 49:
LH ¥R (CDCIyy: § 8.07 (11, d,J=2.7 Hz), 7.60 (L H, 44, 1=8.7, 2.7 Hz), 7.3-7.15
(5H, m), 7.02 (1k, br s}, 6.71 (1H, d, 1=5.3 Hz), 4.72 (1H, m), 4.21 {2H, m}, 3.91
(3H, s}, 2 63 (1H, br d), 3.07 (LH, td, J=12 6,3 .6 Hz3, 2.66 (2H, m), 2.25 (1H, br ¢}
HRMS (MALDL): calculated for CopblzgN3058Na (M~NwF) 470.1720; found
470.1742.

EXAMPLE 34

Sytthesis of 1-(Piperidin- 1-ylsul famoyl}-piperidine-2S-carboxvlic acid 4-phemi-

buiy] ester (compound 50)

Step 1: Syntbesis of 1-chlorasulfonyl-piperidine-28-carboxylic acid 4-phenyi-buiyl
esler {compound [2):

(\/\-H/O\/‘ S~ ph

by
CIs0; O

Compound [2 was preparcd analogous to Example [--Step 5.
Step 2: Synthesis of 1-{Pipendin-1-ylsulfamoyl)-pipenidine-25-carboxylic ucid 4-

phenyl-buty] ester (compound 30):

&0

JP 2004-500355 A 2004.1.8
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Compound 50 was prepared from compound 12 by a syathetiv method
analogeus to the method 11 of compound 25 synthesis. A 15% yield was obtained.
Spoctral analysis of the product was consistent with corapound 50:
13 NMR (CDC)a): 6 7.35-7.1 (5B, m}, 4.54 {LH, 4, J=4.8 Hz), 4.19 (2H, m), 3.64
(5H,m), 332 {1H, 1, J=12.5, 3 Hz), 2.17 (48, m), 2.65 (2H, m}, 2.37 {I1], br ).
EXAMPLE 37
Synlhesis of 1-(3-Carbamayl-piperidine- | -sulfonyl)-piperidine-28-carboxylic acid 4-

phenyl-butyl ester (compound 51)

Step [: Synthesis of |-chlorosulfonyl-piporidine-25-carboxylic acid 4-phenyl-butyl

cster (compound 12):

r

0.
\N Py
€C150; O

Compound 12 was prepared analogous to Example 1—Step 5.
Step 2: Symthesis of 1-3-Carbamayl-piperidine-1-snlfonyl)-piperidine-25-carboxylic

acid 4-phenyl-butyl ester (compound 51):

(Iuj\ro\/"\/\ Ph

o8 0
N
(;LKWE
o

5l

JP
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W

Compound 531 was prepared from compaund 12 by a synihetic method
anslogous to the method I of compound 25 synthesis. A 75% vield was abtained.

Spectral analysis of the producl was consislent with compound 51:
111 NMR (CDCI3): (two diastersomers) & 7.35-7.1 (5H, m}, 6.06 and 5.94 (1H, br s),
S5.6¢ (01 brs), 4.53 (1H, m), 4.18 (2B, m}, 3.7-3.2 {4H, m), 3.1-2.8 (2H, m), 2.65
(ZH, m}, 2.45 (I, m), 2.16 (1B, 4, ]=12.2 Hz).
HRMS (MALDT): calovlated for Coaatlaiby058Na (M-Nat) 474.2033; found
474.2046.

EXAMPLE 38

Syuthiesis af (3)-1-(6-Chlor-pyridin-3-ylsulfamoyl)-piperidine-2-carboaylic acid 4-

henyl-butyl ester (compound 52
Step [: Synthesis of 1-chlorosulfonyl-piperidine-23-carboxylic acid 4-phenvl-buly!
ester (compound 12):

Vo,

80, ©
Compound [2 was prepared analogous to Example 1-Step 5,
Step 2: Syntbesis of (8)-1-(6-Chloro-pyridin-3-ylsulfamoyl)-piperidine-2-carbexyfic

acid d-phenyl-butyl ester (compound 52}

(JNj\'erN\Ph
Q Q
i
7%

Gl

JP
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Compound 52 was prepared from compound 12 by a synthetic method
anglogous o the method II of compound 25 synthesis. A 96% vield was oblained.

Speciral analysis of the product was cansistent with compound 52:
IH NMR (€DECla): & 8.22 (1H, d, =3 Hz), 7.7-7.65 (2H, m), 7.3-7.15 (6H, m), 4.77
(1R, brs), 423 (ZH, m), 3.63 {1H, br s}, 3. 10 (1B, td, I=12.6, 3 Hx), 2.66 {28, m),
2.20¢1H, brd).
HEMS (MALDI): calculated for Cy 1 HagN3CLO48Na (M+Wat) 474.1225; found
4741203,

EXAMPLE 39

Synthesis of [-(3-Dimethoxymethyl-pyrazole- L-sulfonyl)-peperidine-2-carboxyic acid

4-pheny!-butyl cster {compound 53)

Step [: Synthesis of I-chterosulfonyl-piperidine-25-carboxylic uckl 4-phenyl-butyl

ester (compound 12):

-

0.
“N ™ b
CIS0; O

Compound 1? was prepared analogous to Fxample 1--Step 5,
Step 2: Synthesis of 1-(3-Dimethoxymethy|-pyrazole-1-sulfonyl)-peperidine-2-

curboxyic acid 4-phenvl-butyl esler (compound 53):

[;lr“/“/“%
DZSI o]

N

hE]
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Compound 53 way prepared from compound 12 by a synthetic nicthod
analogous to the methed 11 of compound 235 synthesis. A 94% vield was obtzincd
(with 10% regioisomer).

Spectral analysis of the product was consistent with compound 53:

TH NMR (CDCly) § 7.81 (1H, d, ]-2.7 Hz}, 7.3-7.0 (5H, m), 637 (1M, d, I=2.7 Hy),
5.35 (1K, brs), 4.73 (11, d, J=5.4 Hz), 4.05 (2H, m), 3.84 (18, br s}, 3.32 (6H, ),
2.57 (1H, br), 204 {1H, br d).
HRMS (MALDI): caleylated for C23H731N3053Na (M+Na©) 488.1826, found
488.1826.

EXAMPLE 40
Synthesis af (5)-1-[{4-Methoxy-3-nitro-phenyl)-methyl-sul famoyl]-piperidine-2-

carboxylic acid 4-phenyl-butyl esicr {compound 54}

Step [+ Symhesis of l-chloresulfonyl-piperidine-28-carboxylic acid 4-phenyl-butyl

ester (compound 12):

[Nj\ﬂ/o\/\f‘Ph

cI50, ©
Compound 12 waz prepared analogous to Example 1--Srep 5.
Step 2: Symhesis of ($)-1-[(4-Methoxy-3-nitro-phenyl)-methy)-sal lamoyl)-

piperiding-2-carboxylic acid 4-phenyl-buty] ester (compound 54):

%OWPn

[aF3] o}

JP
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Compound 34 was prepared from compound 12 by a synthetic method
anatogous to e merhod I nf compound 25 synthesis. A 68% yield was obiained.
Spectral analysis of the praduct was consistent with compound 54:
TH NMR (CDCY3): 6 7.65 (1H, dd, J=9, 2.7 Hz). 7.30-7.15 (6H, m), 7.07 (1H, d, J=0
5 Hz), 450 (1H, d, J=5 Hz), 4.20 (2H, m}, 3.98 (3H, g, 3.59 (1H, br d), 3.35 (18, td,
J=13.2,2.7 Hz), 3.22 (3H, 5, 2.66 (2K, m}, 2.15 {1H, br d).
HRMS {MALDI): caloulated for Co4Hz1N3075Ma (M-Na™) 528.1775; found
528.1794.
EXAMPLE 41

10 Syuothesis of (5)-1-f(3- Aminc-4-methoxy-phenyl}-metityl-sulfamoyl]-piperidine-2-

carboxylic acid 4-phenyl-buty] ester (compound 35)

Step 1: Synthesis of {5)-1-[{(4-methoxy-3-nitro-phenyl)-methyl-sulfamoyl]-

piperiding-2-carboxylic acid 4-phenyl-butyl ester {compound 54):

%prh

o7 o]
N
NGO,
COMe
15 Compound 54 was prepared analogous to Example 40--Step 2.

Step 2: Synthesis of (8)-1-[(3-Amino-4-methaxy-phenyl)-methyl-sulfamoy1]-

piperidine-Z-carboxylic acid 4-phenyl-butyl ester (compound 53):

JP 2004-500355 A 2004.1.8
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Lo
Uzsl a
e

MHp
OMe

A mixture of comrpound 54 (35 mg) md 10% Pd on carbon {12 mg) in ethanol
(2 mL) was kepy under hydrogen atmosphere (1 amm) for 2 hours, The caralyst was
filtered off and the filtrats was concentrated. The residue was purified by column
chromatography (30% EtQA¢) in hexanss} Lo give a clear syrup (40 mg, 77% yicld).

Spectral analysis of the product was consistent with compound 53:
TH NMR {CDClyy & 7.5-7.25 (5H. m), 6.97-6.§ (3H, m), .66 (IH, 4, I=4.8 Hx), 4.34
(203, m), 4.08 (311, 5), 3.76 (1H, m), 3.48 (1H, td, =13, 3 Hz), 3.30 (3F. 5), 2.81 (?H,
), 2.25 (2H, br d).
HRMS (MALDIY: calculated for Co4H33N3058Na (M+a™) 498.2033; found
498 2010,

EXAMPLE 42

Synihesis of (8)-1-{3H-Benzoimidazal-i-ylsulfamoyl)-piperidine-2-carboxylis acid 4-

phenyl-butyl ester ([compound 36}

Step 1 Synthesis of 1-chlorogul fonyk-piperidine-23-carboxylic acid 4-phenyl-buty|

ester {compound 12):

O o
N R
CIS0, O

Compound 12 was prepared unzlogous to Example 1--Siep 5.

JP 2004-500355 A 2004.1.8
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0

Siep 2: Synthesis of (3)-{-(3B-Benzoimidazol-S-ylsulfamoy[}-piperidine-2-

carboxylic acid 4-phenyl-butyl ester (compound 56):

N th
0253‘ Q
HN
MH
!

Compound 56 was prepared fromn compound 12 by a synthetic method
analogous to the method 1T of compound 25 synthesis. A 14% vield was oblained,
Spectral analysis of the product was consistent with compound 56:
LH NMR (CDCla): & 809 {111, %), 7.51 (1H, d, J=8.4 He), 7.35-7 (5H, m), 6.75 ([£L,
dd, J=0.3, 2.1 Hz), 4.78 {1H, d, J=4.7 Hz), 4-3.6 (3H, m}, 2.33 (\H, ut, J=13.2, 3.3
Hx), 2.60 (2H, t, J=7.2 Hz), 2.17 (1H, br d).
HEMS (MALDD): caleulated for Cy3HaoNa048 (M=HY) 457.1904; found 457.1920.
EXAMPLE 43

Synthesis of {8)-1-(6-Morpholin-4-yl-pyridin-3-vlsu)fumoyl)-pipetiding-2-carbox vlic

aeid 4-phenyl-bulyl ester (compaurd 74

Step 1: Synthesis of t-chloresulfonyl-piperidine-25-carboxylic acid 4-phenyl-biuty!
csler (compound |2):

\N - O\A/\Fh
Cl50; 0O

Compound 12 was propared analopous to Example |--Step 5.
Step 2: Synthesis of (8)-1-{6-Morpholin-4-yl-pyndin-3-ylsnlfamoy])-pipcridine-2-

carboxylic acid 4-phenyl-buty] ester (campound $4):

pel
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w

0
Y

>

Compound 94 was prepared from the sulfamoyl chloride (compound 12) and
s-meorpholin-4-yl-pyridin-3-ylaming by a synthetic method analogous to the method 11
of compound 25 synthesis. During the work-up ol the reaction, concentrated cupric
sulfale selution instead of HCI solution was used to wash off 3,5-lulidine. A 99%
wield was obtamed for the title compound,

Spectral analysis of the product was consistent with compound 94:

YH NMR (CDCL): & 8.02 (L1 d. J=2.7 Hz), 7.54 (LH, dd, =9, 3 Hz), 7.32-7.24 (21,
m), 7.23-7.14 (3H, m), 6.50 (11, 53, 6,59 (1H, <, J=9.3 11z, £.70 {111, m), 4.21 (211,
m), 381 (4H, (, )=5.1 Hz), 3.61 (IF, br d), 3.46 (LH, t, }=5.1 1Iz), 3.09 (1H, t,
=126, 3.3 Hz), 2.65 (2H, m), 2.23 ([H, m).

TIRMS (MALDL ealeulated for Cos#sN.0s5 (M+H") 503.2323; found 503.2313,
EXAMPLE 44

Synthesis of {8)-1-(3.4,5-Triuoro-pheny{sul (amayl)-piperidine- 2-carbox ylic acid 4-

prenyl-butyl ester (compound 95)

Step 1: Synthesis of I-chlorosulfonyl-piperidine-2S-carboxylic acid 4-phenyl-buty]
cster (compound 12):

-

Lr:‘ O\VA‘/\W
GIS0, O

Compound 12 was prepared analegous to Example 1--Step 5.

i
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Step 2: Synthesis of (8)-1-(3,4,5-Triftuoro-phenylsulfamayl)-piperidine-2-cathoxyiic

acid 4-phenyl-butyl esier {compound §5):

Compound 93 was prepared from the sulfamoyl chloride (contpound 12) and
3,4,5-nfluoro-phenylarune by a synthetic methed analogous to the meihod I of
compound 25 synthesis. A 46% yield was obtained for the title compound.

Spectral analysis of the product was consistenl with compound 93:

'HNMP (CDCL): 5 7.6 (11, 3, 7.33-7.13 (511, m}, 6.96~6.83 (211, m}, 4.76 (111, br
U3, 4.23 (2H, m}, 3.64 (1H, br ), 3.00 (1H, td, ]=12.6, 3.3 Hz), 2.66 (211, m), 2.2%
(14, my.

HRMS (MALDD calevlated for Cz2HasNaGaSNa (M+Na') 493.1379; found 443.1393.
EXAMPLE 45

Synthests of {5)-1-(6-Trifluoromethyl-pytidin-3-ylsui famoy()-pipeddine-2-carboxylic

acid 3-phenyl-butyt ester {compound 96)

Step 1: Synthesiz of 1-chlorosul fonyl-piperidine-28-carboxylic acid 4-phenyl-buryl

esler {compoumd | X

-~

N O™y
QIso, ©

Compeund 12 was prepared analogous o Example 1--Siep

JP 2004-500355 A 2004.1.8



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(241)

WO 0140185 PUTIUSFTOTY

Step 2: Symhesis of (5)-1-(6-Trifluoromsthyl-pyridin-3-ylsulfamoyl}-piperidine-2-

carboxylic acid 4-phenyl-buty] ester {componnd 96):

Q

X0

%

F3

Compound 26 was prepared from the sulfamoyl chloride {compound £2) and
G-trifluoramethyl-pyridin-3-ylamine by a synthetic method analogous to the method 11
of compourd 25 synthesis. During the work-up nf the reaclion. concentraled cupric
sulfate solution instead of ITCI selution was used to wash ofT 3. 5-luticdlive. An 11%
vield was obtained for the 1itle compound.

Spectral analysis of the product was consistent with compound 96:
TH NMR (CDCI): § 8.47 (18, d, 1=2.7 H2), 804 (1H, br 5, 7.82 ()5, dd, J=8.7, 2.7
Hz), 7.61 (IH. d, 1=8.4 Hz}, 7.33-7.14 {SH, m), 4.80 {1H, br d), 4.25 (2H, m), 3.67
(18, brd), 3.00 (TH, td, J-12.3, 3.3 1), 267 211, m), 2.32 (JH, m).
HRMS (MALDI) caleulated for CaxHzF ) N,0,S (MHH") 486.1069; found 486.1667.

EXAMPLE 46

Synthesis of (§)-1-(Pyridin-3-ylsulfameyl}-mperdine-2-corboxyiic acid 4-phenyl-

buty? ester (compound 97)
Step 1! Synthesis of L-chlorosulfonyl-piperidine-2§-cacboxylic acid 4-phenyl-buryl

ester [compound 12):
S

80, ©

Compound 12 was prepared analogous to Fxample 1--Step 5.

0
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Step I: Synthesis of (8)-1-(Fyridin-3-ylsulfamoyl)-piperidine-2-carboxylic acid 4-

phenyl-butyl ester (compound 97):

Compound 27 was prepared from the sulfamoyl chloride (compeund 12) and
J-amino-pyridine by a synthetic method snalogous 1o the methad [1 ol compound 25
synthesis. Duriny the wark-up of the reaction, concontrated cupric sulfate solution
instead of HCI solulion was used to wash off 3.5-lutidine. A 69% vield was obtained
for the title compound.

Spectral analysis of the product was consistent with compound 97:

TH NMR (CDCL:): § 845 (LH, d. J-2.7 Hz), 835 (1H, dd, J-4.8, 1.5 Hz), 7.75-7.66

(2H, m), 7.33-7.14 (6H, m), 4,77 (1H, br ), 4.23 (2H, m}, 3.64 (1H, br &), 3.05 (1H,

1, J=12.9, 3.3 Hz), 2.66 (ZH, m), 2.27 (IH, m).

LIRMS (MALDIL} caleulated for Cz;LlziN30:8Na (MHINa™) 440.1614; found 440.1397.
EXAMPLE 47

Synthesis of (5)-1<4-Carboxy-3-methoxy-phenylsulfamoyl)-pipetidine-2-carboxylic

avid 4-phenyl-buiyl ester (compound 9§

Step ©: Synthesis of 1-chlorosulfonyl-piperidine-2S carboxylic acid 4-phenyl-lrutyl

esier (compound 12)

- BN

™ il Ph

G180, O

Compound 12 was prepared analogous o Example 1--Step 3.

Rl
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Step 2 Symthesis of {§)-1-(4-Carboxy-3-methoxy-phenylsulfamoyl)-piperidine-2-

carboxylic acid 4-phenyl-butyl ester (compound 98):

Compaund 98 was prepared from the sulfamoyl chloride {compound 12) and
4-nmino-Z-methoxy-benzote acid by & synthebe method analogous to the methed 11 of
compound 25 synthesis. The carhoxylate was lost as carhon dioxide during the
reaction, Therefore, a 74% yield was obtained for the title compeund,

Spectral analysis of he product was consistent with compound 98:

"H NMR (CT}Cly): 8 7.34-7.11 (TH, m), 6.83-6.72 (2H, m), 6.64 (1H, br ddd), 4.74
(1R, brd), .20 (2K, m), 3.7% (2H, s). 3.66 (IH, br ), 3.10 {11, td, J=12.%, 3.3 Hz),
2.65 {211, m), 2.22 (JH, m).

LCMS 445 (M-H)
HRMS (MALDI) calculated for CazHyN20s8 (M4} 447.1954; found 447.1938.
EXAMPLE 48

Synthesis of (5)-1-(Hydroxy-phenyl-sul famoyh)-pipetidine-2 -carboxylie acid 4-

pheny! -butyl ester (compound 99)

Step 1: Synthesis of 1-chlerosulionyl-piperidine-28-carboxylic acid 4-phenyl-butyl
ester {compound 12):
(- O ™™,
M Fh
ciso, O

Compound 12 was prepared analogous fo Example 1 -Step 5.

g2
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Step 2: Synibesis of (3)-1-(Hydroxy-phenyl-sul famoyl)-piperidine-2-carboxvlic acid

4-phenyl-butyl ester {compound 99):

Compound 99 was prepared from the sulfamoyl chlotide (compound (2) and
5 N-phenyl-hydroxylamine by a synthetic method analogous to the methad 1T of

compound 23 synthesis. A 55% yield was obtained for the title compound.

Spectral anatysis of the produst was consistent with compound 99:
"H NMR (CDCL): & 8.13 (1H, 5), 7.43 (3H, d, J=8.1 Hz), 7.33-7.04 (7H, m}, 4.72
(TH, brd), 4.18 (2H, m), 3.96 (1H, brd), 3.33 (0 H, 1d, 1=12.6, 3.3 Hx), 2.58 {ZH, m).

0 Z.37(1H, m).

LOMS 431 (M-H), 433 (M+H' ).

The bis-benzyl ether compounds of the present invention may be prepared in
the manner depicted in Scheme 3 below:

Scheme §

~—Ph
o = -
- IWC'H — Ph ANon—e‘ LI T

[ -0, . o <
| ~—pr N -
bow © EDe/IMAR boo O H"‘g N
5 100
1OSGRH | POk
El
- —Ph
[ -0 ey —Fh
HMRR" i —O
Wy g - (] oz
H '~ Ph | N Y2
025 a 3,5-lridine 4 ~—Fn
e °of ©
\ - 101
15 B cl
wherein, R' is H;

o3
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The following examples were prepared according to Scheme 5 depicted above:

EXAMPLE 49

5 Synthesis of compound 100

Step 1: Synthesis of piperidine-1,25-dicarboxylic acid |-ter-butyl ester (compound

Py

H
N

Boc O

Compound 9 was prepared analogous to Examiple 1--Step 2.

10 Step 2: Synthesis of compound 100:

OBn
%o{ atn

Compound 100 was prepared from the carboxylic acid {compound $) and 1,3-
his-benzyloxy-propan-2-ol by a methad analogous to the synthesis of compeund 20.
15 AA40% yield was obtained for the title compound (2 steps).
Spectral analysis of the product was consistent with compound 100:
'H NMR. (CDCl:}: § 7.35-7.23 (10H, m), 5.26 (1M, p, J=5.4 He), 4.59-4.46 (413, m),
3.66 (2H, s), 3.63 (2H. 5), 3.29 (1 H. dd, J=9, 2.7 Hz), 3.06 (1H, di, J]=12.6, 2.7 Hz),
265 (1H, ), 1.96 (1H, m).

2

94
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EXAMPLE 50

Syuthesis of compound 101

Step 1: Synthesis of compound 100:
(\Jﬁr oBn
it O_COBH
a
Compound 100 was prepared analogous to Lxample 449--Step 2,
Step 2: Synthesis of compoond 103
OEn
(Ao
/éozo
«l
Compound 101 was prepared from the amine (cotnpound [00) by o method
analogeus 1o the synthesis el campound 21. A 60% yield was obtained for the title
compound.
Spectral analysis of the product was conststent with compound 101:
TH NMR (CDClL): § 7.40-7.23 {10H, m), 5.36 (1H, p, J=5.4 Hz), 485 {1H, br d),
4.59-4.45 (4H, m), 3.92 {IH, br 4}, 3.71-3.63 (4H, m}, 3.56 {1H, td, I=13.2, 3.6 Hz),
2.19¢1H, brd). 1.91 (IH. m).

EXAMPLE 51

Svnthesis of (3)-1-{3,4,5-Trimethoxy-phenyisnlfamoy!)-piperidine-2-carboxylic acit

2-benzyloxy-1-benzvloxymethyi-ethyl ester (compound 102)

Step 1: Symthesis of compound 101:

OBn
O
gpm,_<:o%
©

C|/502

Compound 101 was prepared analogous to Example 30--Step 2.

05
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Step 2: Synthesis of (8)-1-(3,4,5-Trimcthoxyphenylsul famoyl)-piperidine-2-

carboxylic acid Z-benzyloxy-1-benzyloxymethyl-ethyl ester (compound 102):

Compaund L02 was prepared from the sulfamayl chloride (compmusd 101)
and 3.4,5-frimethoxy-phetrylaine by a synthetic method analogous to the method 11
of compound 25 synthesis. Ar E1% vield was obtained for the Litle compound

Spectral analysis ol the product was consistent with compoand 102:
'H NMR (CDCLY: & 7.36-7.23 (10H, m), 7.20 (LH, br &), 6.48 (28, 5), 5.39 {1H, p,
J=3.1 Hzx), 479 {1H, br d}, 4.58-4.45 (d4H, m}, 3.80 (3, 5}, 3.80 (6 M, 5), 3.72-3.55
(3H, m), 3.03 {18, 1d, J=12.3, 4.2 Hy), 2.26 {1tl, m).
MBS (ESP) 631 (M+Na"), 627 (M-H).

EXAMPLE 52

Synthesis of (8)-[{6-Methoxy-pyridin-3-ylsulfamoyl)-piperidine-2-catboxyiie acid 2-

bunzyloxy- 1-bunryloxymethyl-cthyl ester (Compound 103%

Step 1: Synthesis ol compownd 101:

QBn
ﬂ_C;%

e

Cumpound 101 was prepared analogous to Example 50--Step 2.
Step 2: Syathesis of {3 1-(6-Methoxy-pyridin-3-ylsulfamoy!}-piperiding-2-

carboxylic acid 2-benzyloxy-1-benzyloxymethyl-ethyl ester (compound {03}

%6
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20

oBn
o
(H _<osn
0=4-0

vk
&

e

e

Lompound J02 was preparsd from the sulfamey] chlorids (compound 101)
anit -methoxy-pymidin-3-ylamine by & synrhetic method analogous to the method 11
of corapound 25 synthesis. During the work-up of the teaction, concentrated cupric
sulfale solution imstead of HCI sohition was used to wash off 3,5-lutidine. Ao 85%
vield was obtained fov the title compound.

Speciral analysis of the product wes consistent with compound 103:
"H NMR ¢CDCLy): § 8.01 (1H, d, J=2.4 Hx), 7.51 (1H, dd, }=9, 2.7 Hz), 7.36-7.21
{10H, m), 713 (1H, 5), 6,64 (1}, 4, )=¥.7 Llz), 538 (1B, p, I-5.4 Hz), 4.75 (1H, br
), 4.57-6.43 (4H, m), 2.91 ¢3H, 5, 3.75-3.63 (411, m), 3.52 (1H, br d), 3.00 (1H, td,
I=12.3, 4.2 tlgh, 2.25 (IH, m).
HRMS (MALDLD calculated for CieblsM0-8 (M+H") 570.2268; found $70.22589.

EXAMPLE 53

Synthesis of (8)-1-(4-Chluro-2,5-dimethoxy-phenylsul farmoy()-piperidine-2-

carboxylic seid 2-beneytoxy-1-benzylokymethy l-ethyl ester (compound 104}

Step |: Synthesis of compound 104:
E CBn
o
r;H' {Ogn
L0
o
Compaound 101 was prepared analogous o Example 50--Step 2.

Step 2: Synthesis of (8)- 1-41-Chloro-2,5-dimethoxy-phenylsulfamoyl}-piperidine-2-

carboxylic acid 2-benzylexy-1-benuylokymethyl-cthyl ester (compound 104):

97
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5 OBn
N {OBn
0=8:0
HI\I Oe
e 1

Compound 104 was prepared from the sulfamey! chloride (compound 101)
and 4-chlore-2,5-dimethoxy-phenylamine by @ synthetic method analogeus to the
method 1l of compound 25 synlheéis. A B9% yicld was obtained for the title
compound.

Bpectral analysis of the product was consistent wilth compound 104:

TH NMR (CDCl): § 7.40 (11, 5), 7.36-7.22 (104, m3, 7.18 {111, 5), 6.86 (LL1, 5% 5.32
(iH,p,)=5.4 Hz), 4.71 (1H, brd), 4 58-4 44 (4£, m}, 3.84 {3H, &), 3.75 (3H, &), 3.63-
1.58 (SH, ™), 119 (1H, td, J=12 9, 3.0 Hz), 2.22 (1H, m)
HRMS (MALDI) calculated for Cy1LaCINOpSNa (M+N2") 655.1851; found
655.1850.

EXAMPLE 54

Synthesis of (§)-1{Pyridin-2-ylsulfamayl)-piperidine-2-carboxylic acid 2-benzyloxy-

1-benzyloxymethyl-cthyl cster (compeund 103}

Step 1: Synthesis of compound 107:
O8n
o
N 0OBn
L. a

Compound 101 was prepared analogous 1o Example 50--Step 2.
Step 2: Synthesis of (5)-1-(Pynidin-3-ylsulfamov])-pipendine-2-cacboxyiic acid 2-

binzyloxy-[-benzyloxymeihyl-cthyl ester (compound 103):

98
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A D_<oan
0=g=0
H
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e

Compound 05 was prepared from the sulfamey! chloride {compaund 1013
and 3-amnopyridine by a synthebic method apalogous to the methed 1L of compound
25 symbesis. During the work-ug of the reaction, concenlrated cupric sullbste selution
instead of HCI solution was used 10 wash off 3,5-lutidine. A 75% yield was obtained
for the title compound.

Spectral analysis of the product was consistent with compountd 105:

TH NMR (CDCly): 8 839 (111, 5), 8,33 (1M, §). 762 (1H, d, ]=8.7 H7), 7.56 (1H, ),

7.39-7.12 (11H, m}, 5.40 (1H, p. J-5.4 Hz), 4.79 {1H, br d), 4.5%-4.44 (4H. m), 3.76-

3.62 (4K, m), 3.54 (iH, br 4}, 2.96 (1H, td, }=12.3, 4.5 Hz), 2.2§ (1H. d).

HRMS (MALDI) salculated for {3aHawNi068 (MHH 540.2163; lownd 540.2136.
EXAMPLE 55

Synthesis of (8)- 1(6-Morpholin-4-yl-pyridin-3-ylsulfamoylj-piperidine-2-carboxylic

acid 2-benzyloxy-1-benzyloxymethyl-cthy! ceter {(compound 106)

Step 1: Synthesis of compound 101:
QBn
o}
(N\/H( —COBn
.G
-0

Compound 101 was prepared analogous to Example 30--Step 2,
Step 2: Synthcsis of (3)-1-(6-Morpholin-4-yl-pyridin-2-ylsulfamoyl-pipendine-2-

carboxylic ucid 2-benzyloxy-1-benzyloxymethyl-cihyl ester (compound 106}

o9
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Compaund 106 was prepared from the sulfamoy] chloride (compound 181}
and G-morpholin-4-yl-pyridin-3-ylamine by a synthetic inethod analogous 10 the
method II of compound 25 synthesis. During the work-up of the roaction,
concentrated cupric sulfate solution insiead of HCI solution was used to wash off 3,5-
lutidine. A 26% yield was obtuined for the title compound.

Speciral analysis of the produet was consistent with compound 1026
'H NMR (CTICh): § 8.08 (1H, &, 1=2.4 Hz), 7.47 (1H, &, )9, 3 Hx), 7.37-7.22 (10
H, m}, 7.00 (18, s), 6.54 (1H, d, =2 Hz}, 5.38 (1H, p, J=5.1 Hz), 4.75 (IH, br d),
4.57-4.44 (4H, m), 3.81 (4H, 1, J=4.8 Hy), 3.73-3.63 (4H, rm), 354 (IH, br d}, 346
(AH, (, J=4 8 Hz), 3.02 (1H, td. J=12.3, 4.2 He), 2.25 (1E, br d).

HEMS (MALDI) calculated for CaaHaghlaO:5Na (M=Na") 647.2510; fouad 647.2495.
EXAMELE 54

Svnthesis of ($)-1-{6-Methyl-pyridin-3-ylsulfamoyl)-piperidine-2-carboxylic avid 2-

benzyloxy-1-benzvloxymethyl-ethyl ester (compeound 107)

Step 1: Synthesis of compound 101:

N lo'-]
[ o "
1”59

Compound 1) way preparal analogous o Example 50--Step 2.

100
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Step 2: Synthesis of {5)-1-(6-Methyl-pyridin-3-ylsulfamoy()-piperidine-2-catboxylic

acid 2-beveyloxy- 1-benzyloxyraethyl-ethyl ester {compound 167):

Compound 107 was prepared from the sulfamoy( chloride (compound 101)
and §-methyl-pynidin-3-ylamine by a synthetic method analogous fa the method 1F of
compound 25 synthests. During the work-up of the reaction, concentrated cupric
sulfate solution instead of O] solution was used to wash ofl 3,5 luitdine, & 78%
vield was obtained for the tille compound.

Spectral analysis of the product was consistent with compound 107:

'H NMR (CDClay: § 7.52 (LH, dd, J=8.4, 2.7 Hz). 7.4% (111, br s}, 7.36-7.21 (0K, m},

7.04 (IH, d, J=R.7 Hz), 5.38 (171, p, J=5.4 1), 4,76 (1H, br d), 4.57-4.43 (41, m),

3.75-3.62 (4H, m), 3.53{TH, br ), 2.99 (1H, dd, 3-12, 3.0 Hz), 2.5 (3H, 53, 2.25 (1 H.

br dy,

FIRMS (MALDI) céleulated for CaoHisl:0s5 (M+H') 554.2319; fouud 554.2293,
EXAMPLE 57

Synthesis of (S)-1-(Morpholin-4-vl-trifluoromethyl-pyridin-3-ylsul famoy[)-

piperidioe-2-carboxylic acid 2-benzyloxy-1 -benzvloxymethyl-cthyl ester {compound

10y

Step 1: Synthesis of compound 141:

OBn
o
% —COBD
o

101
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Compound 101 was preparcd analogous 1o Example 50--Step 2.
Step 2: Synthesis of () 1-(Morpholin-4-yl-tnfluaromethyl-pyridin-3-ylsulfamoyi)-
pipendine-Z-carboxylic ucid 2-benzyloxy-1-henzyloxymethyl-ethyl ester (compound

108):

()

Compouvnd 10§ was preparcd from the sulfamey) chioride (compound 101}

and &-morplolin-4-y1-5-trifluoromcthyl-pyridin-3-ylamine by a synihetic methed
anzlageus to the method 11 of compownd 25 synthesis. During the work-up of the
reaction, concenirated cupric sulfate solntion instead of HCI solution was nsed ta
wash off 3,5-lutidine. A 70% yicld was obtained for the title compound

Specetral analysis of the product was consistent with eompound 108,
"HMNMR (COCh): § 8.24 (11, 4, =24 T12), 7.74 (1H, d, 1=2.7 Hz), 7.50 (1, br s},
7.35-7.18 (00K, m), 5.41 (111, p, I~ Hr), 4.78 (1T, br d), 4.58-4.43 (41, m), 3.87
(413, (, J=4.5 Hx), 3.77-3.65 (4H, m), 3.52 (IJH, brd), 3.20 (4H, 1, J=4.8 Hz), 2.95 (1H,
td, I=12.6, 4.5 Hz), 2.28 (1H, br d}.
HEMS (MALDI) calculated for C53HaFaNaOs5 Nz (M+Na") 715.2384; found
715.2375,

Compound 59 was prepared in the manner depicted in Scheme 6 below (using

two methods):

JP 2004-500355 A 2004.1.8
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Scheme 6

Method 1
. 1
I’:NijH HN, ™o N
a= g
{

-
k.“
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o

{
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Fin S0

LA A i,
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Method I L/\
H
Ny PR
,HJW H;
~n OH o8 0O
:
od o Ph_H;NHI NH
MH =
= EOCICH,Cl;  Meo—y, _l
5 MeOr ™ 4 MeG Ohe
Med  GMe
59
39
EXAMPLE 58

Synthests of (3)-143.4,5-Trimethox y-phenvlsulfamoyl}-piperidine-2 -varbox ylic acid

4-phenyl-butyl}-amide (compound 59

16 Step [: Synthesis of {3 }piperidine-2-carboxylic acid {(4-phenyl-butyl)-amide

{compound 57):

H
N.

(o)
The title compound wag prepared from (8) (1)-1<{carbobenzyloxy} 2
pipendincarboxylic acid in manner anulogous o that used in preparation of compound
15 11 [Method 1) where 1-phenyi-butyas-4-amine was used instead of 1-phenyl-butan-
4-0], Compound 37 was obtained in $3% vicld.
Spectral analysis of Ihe product was consistent with compound 57
TH NMR (€DC15): & 13500 (5H, m), 6.75 (11, br 53, 171 {111, ¢, 1-6.9 [z}, 3.26
(2H, g, J=6.9 Hz}, 3.17 {{H, dd}, 3.013 (JH, dt, J-=1Z, 3.6 He), 2.68 (IH, m}, 2.63
20 (2H,t 1=T.2H), 198 (1H, m).

Step 2: Synthesis of Iv-(3 4, 5-trimethoxyphenyl) sultumoy] chloride (compound 58):

SO.CI
A

104
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20

At =5¢, chlorosulfonic acid (8.22 mL, 3.33 mumol) was slowly added toa
chioreform solution (10 mL) of 3,4,5-inmethoxyaniline (1.33 g, 10 numol). Alver [
hour at 259C, the suspension was filicred, and the solid was washed with CHzCla.
The residue was disselved in WagCO3 solurien (0.5M, 20 mL}, which was washed
wiih ethyl ether (2x20 mL). The ayueous solution was concentrated to give a solid,
which was extracted with hoiling cthanol (20 mL). After evaporation uf ethane], the
solid (200 mg) was treatet with PClg (200 mg) i relusing benzene (15 L), The
precipitate was filtered off and the filtrate was concentrated. The residue was pusified
by eolunn chromatagraphy (50% BIOAc in hexanes), affording 56 my (5% yiekt) of
the sullamoy] chloride as 2 afl-white solid,

Spectral analysis of the product was consigient with compound 58:

LH NMR (CDCly) & 6.65 (1H, brs), 6.32 (2H, s}, 3.80 (3H, 5), 3.76 (GH, s).
Step 31 Synthesis of (§)-1-(3,4,5-Trimethexy-phenylsulfanoyl)-piperidine-2-

carboxylic acid (4-phenyl-buiyl)-amide (compound 55);

"
N ™,
o8 O

H

(U]
Mel OMs
Methad It To a 2.5-lutdwe solution (2 mL} of the sulfamoy] chloride
{compound 58, 56 g, 017 mmol) was added compound 57 (100 mg, (.32 mmel}.
After 20) hours at 100C, the mixtuce was diluted with BtOA¢ {20 mL} and washed
with 5% HC solution (ice-cold, 1150 mL) and brine {1x30 mL). The solution was

dried over Mghil)4 and concentrated. The residue was puritied by colummn

2004-500355 A 2004.1.8
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chromamngraphy (30% FtOAc in hexanes) to provide 22 mg (25%) of compoand 59 as
2 pale-yellow oil,

Spectral analysis of the product was consistent with compound 59:

TH MMR (CDCls): 5 7.41 (1H, 53, 7.3-7.10 (3H, m}, 6 48 (2H, 53, 5 10 (1L 1, J=57

5 M), 449 (iH, 4, I=4.5 Hz), 3.84 (GH, ), 3.81 (3H, ), 3.77 (1H, br d), 3 20 (ZH, m),
297 (1H, td), 2.61 (2H, 1, 1~7.2 Hz). 223 (1H, 4, J-13.8 H).
HRMS (MALDI}: calculated for Cp5H35N10g8Na (M+Mat} 525.2139; found
528.2134.

EXAMPLE 59

10 Synthedis of (8)-1-{3,4.5-Trimethoxy-phenylsuifamoyil-piperidine-2-carhoxylic acid

(4-phenyl-bulyl)-amide {(compound 5%)

Step 1z Synihesis of 1-{3.4,5-1rimethoxy-phenylsulfamoyl)-piperidine-28-cathoxylic

acid {compound 39):

QT
'

05 O
NH

el
MaO OMe
15 Compound 39 vas preparcd analogous to Example 22,
Step 2: Symthesis of (8)-1-(3,4,5-Trimethoxy-phenylsulfzmoyl)-piperidine-2-

carboxylic acid (4-plenyl-buyl)-amide {compound 5%):

JP

2004-500355 A 2004.1.8
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§
ot P
o_g.0
vk
e
ke Ms

20

Method I1 compound 59 was prepared from the carboxylic acid (compound
397 4-phenyl-buly lamine by 4 synthetic method analogous ro the synthesis of

compound 1. A 57% yield was obtained for the titls corpound.

107
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Componaits 109-112 were prepared i the manner depicted in Scheme 7
below:

Scheme 7

B
BDEHN“_/\GH "ﬁ:j_ BocHN\?/\O/\(;j TFAIMe,S HZN\/\O,—-\m
P = 5
W

e NaHIOMF s W CHLCH, e
108
-
ENJWO"' EDCIDMAP
cBz 0
.
7w
- N O/\m BRy-Er0Me,S 4
L - e T oHg, N ’\j’“‘o’"‘lﬁ‘j
1 cez @ T N
110
HN-SCLC
3.5-lutidine
g 196°C
MeQ e

Ohkie

N n\_f"‘o‘\(\j
od oA Lg
NH
A,
MeQ 3_1’(
el Chig

5 142

The following examples were prepared according to Scheme 7 depicted above:

EXAMPLE 60

Synihesis of compound [09

108

JP 2004-500355 A 2004.1.8
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lia.\l\_/'*-or"

p

A1 0°C, sodium tydride (331 mg, 13.8 mmol) was added to N-Boe-L-valinol
solution {1g, 492 mmeol) in DMF (25 mL). Afier the hydrogen evolving subsided, 3-
(bromomethylipyridine €1.87, 7.38 minol) was introduced. At 25°C, the suspension
was stirred for 48 hours and poured into ice-cold waler (30 mL). The aqueous
solution was extracted with CHRCl (3x50 mL). Combined organic lavers were
washed with brine (250 mL), dried over MgSO, and conecentrared. The residuc (1.8
o} was disseived in 2 mL of CHxCly. Trifluorozcetic acid (2 mL) was addedd slowly at
0°C. Afler 10 haurs al 25°C, LCMS indicated no reaction occurred.  Methy! sutfide {1
™L]) was then introduced arl the mixture was shimred for 72 hours. All the solvent
was removed i vacua and the residoes was redissolved in 0.5% HCI solution (10 miL).
The acueous solution waa washed with ether (20 mL) and EtCrAe (20 mL). The pH of
the solution was then adjusted to =12 by addition of ice-cald 5% WNaOH solution (5
mL]). The basic solution was extracted wilh CHzCla (3x35 ml). Combined organic
layers were dried over NaS0; and concentrated, affording 1.03 g {>90% vield by 'H
MR of the title compound as a pale vellow oil.

Speciral analysis of the product was consistent with compoynd 109:

"H MMER (CDCL): 8 8.62-8.48 (2H, m), 7.68 (11, 4, I-7.8 Hz). 7.28 (L. dd), 4.62-
4.50 (2H, m}, 3.36 (IH, dd, J=6.6. 4.2 Tfz), 3.36 (I1H, t, J=2 Hz), 2.81 {iH, m)}, 1.9
{2H, br s}, 170 (1K, o I=6.6 Hz), 0.93 (3H, d, 1-6.8 Hz), 0.93 (3H, &, J=6.7 1z},
1.CMS 195 (M+H).

EXAMPLE 61

Step 1: Synthesis of campound 109:

108

JP 2004-500355 A 2004.1.8
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10

20

Hy ,/‘\O’ﬁ
E o

= N

N
Compound 109 was prepared as in Example 60.

Step 2: Synthesis of compound (10

H
N =

1
CBz O

.

To a mixture of the (§)-(-)-1-Z-2-piperidine carboxylic acid (! g, 3.80 mmol}
and the anmipe (comopound 199, 0.8 g, 4.12 mumel) in CH,CY; {5 mL) were added EDC
(1.5 g, 8 mmel) and DMAP (0.154, 1.2 mnoel) at 0°C. The solution was stirred at
25"C for 48 hours, and was diluted with EtOAe (80 mL), washed with HzQ (1x100
miL), dried and then concentrated to give L4 g (84% vield) of the fitle compound 25 a
yellaw il

Spectral analysis of the product was consistent with compound 11¢:

'H NMR (CDCly) (rixture of amide rotamers): 5 1.86 (1H, o, 1=6.8 Hz), 0.90 (3H, d,
J=6.% Hz), 0.85 (3H, d, J-7.0 FIz),
LCMS 440 (M+HY), 462 (M+Na').

FEXAMPLE 62

Synthesis ol compound 111

Step 1: Symhesis of compound 11t

Compound 111 was prepared anslegons to Example 61--Slep 2.

Step 2: Synthesis of compound 111:

1o
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The crude oil of compound 110 (1.4 g, 3.2 numol} was dissclved in 2 L of
CH,Clz. Methyl sulfide (2 mL) and BF; etherate €0.5 mL) were added. The mixture
was stirred at 25°C for 20 hours and diluted with CHzCly (S0 mL). The saluton was
washed wilk 1cg-cold 10% NaOH solution (2x3() mL), dried over MpSO, and
concentrated in vacua, aftordmyg 0.62 ¢ of the title compound (64% yigld) as a light
yellow ail,

Spuetral analysis of e product was consisient with compound 111
'H MMR (CDCL) {mixture of amide rotamers): § two sets of signals 0.96 (311, d, 1=7
He)und 0.96 (3H, d, 1=6.9 Hz), 0.9 (314, 1=7 Hz) and £.91 (5H, d, I=7 Hz).
LOMS 306 (MEH").

EXAMPLE 63

Sunthesis of (3)-1-(3,4,5-Trimethoxy-phenylsul famoy1)-pipeniding-2-carhoxylic acid

[(3)-2-mmethyl-1 -(pyridin-3-ylmethoxymethyl}-propyl]-amide (compound 112}

Step [: Synthesis of N-(3,4,5-irimecthoxvpheuyT) sulfemoy] chidoride (compound 58):
50,0
=
S
MOy OMe
Ole
Compound 58 was prepared analogous to Example 38--Step 2.

Step 2: Synthesis of compound 111:

11

JP 2004-500355 A 2004.1.8
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H
(NlH/N‘ﬂ-‘/‘Q =
LA .

N

Tig

Compound 111 was prepared analogous to Example 52--Step 2,
Step 3: Synthesis of (3)-1-(3 4,5-Trimethoxy-phenylsul famoy)-piperidine-2-
carhoxylic acid [(5)-2-metltyl-1-(pyricin-3-ylmethoxymethy b-propy!]-amnide

5 (compound 112):

Cowpound 112 was prepared from the sulfamaoy] chloride {compound 58) and
the amine {compaund 111) by a symhetic method analogous 10 the synthesis of
compeund 59, A 67% vield was ohtainad for the title compound.

0 Spectral analysis ol the producl was consistent with compound 112:
TH NMR {CDCL): 8 8.77-8.31 {(3H, m), 7.64 (111, m}, 7.36-7.27 (0H, m), 6.65 {IH, d,
J-9Hz), 6.52 (ZH, 5),4.53 {2H, AB), 4.4 (1H, brs), 3.97-3.83 (2H, m), 3.82 (6H, =),
3.81(3H, 5y 3.51-3.44 (28, m), 3.04 (1H, br 1), 2.22 (1H, br d), 0.94 (3H, d, J=6.6
Hxz), 0.82 {3k, d, I=6.3 Hz).

15 TOCMS 558 (M#H", 549 (M),

112

A 2004.1.8
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Compounds 113-118 were prepared in the manner depicted in Scheme 8

below:
Schome 8
r i G@ l/—Fn
KI,UH Nq 'Nl o) Pn‘“r»"‘"p“ [-T‘l OW'NVP'1
0820 ¢ e - O=§=0 a
m Fyriding n S yea DIEA, Hr{:
. ) HOBt )
r -
T A A
13
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<.)/ ! fhn

W

The followmng examples were preparsd according to Scheme 8 depicted above:
EXAMPLE 64

Synthesis of Benzyl-phenethyl-carbamic acid (5)- | -(dimethy Hprapyisulfemoy!)-

pyrrelidin-2-ylmethyl ester {compound 113)

113

JP 2004-500355 A 2004.1.8
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Step 1: Synthesis of 1-(1,1-Dimethy]-propylsulfamoyi}-pyrrolidine-2S-carboxylic

acid (compound 30):

Compound 30 was prepared analogous ta Example 11--Step €.
Step 2: Syathesis of Bepzyl-phenethyl-carbamic acid ($)-1-{dimethy!-
prapylsultamayl-pymrelidin-2-yimethyl ester (compotnd 113);

~—Ph

L L .Okn,l‘g.,v,Ph
=}

o-'sf-o
HI

A

A10°C, a borane solution in THF {1 M, 0.34 mL, 034 mmol) was added 1o a
THF sofution {1 mL} of the carboxylic acid (compound 30, 90 mg, 0.3 mrzol). The
mixture was stirred 2t 25°C for 16 hours. Methano! (€.5 mL) and Na,C(O, solution
(saturated, 1 mL) were added 1o quench the rexction. The resulted suspension was
stirred For 8 hours. Mast of solvent was then removed in vacuno. The aqueous
solution was extracted with CHLClp (3%20 mL). Combined erganic layers were
washed with brine (25 mL), dried and conceatrated. The clear mi was dissalved in
CHaCls (1 mL). At 0°C, pyridine (0.2 mL) und 4-niteapheny] chloroformate (86 mg,
0.40 mmoi) were introduced. The mixture was stired al 25°C for 15 hours, diluted
with CH,Cly (20 mL), washed with ice-cold 3% HCI solution (20 mL}, dried unl

concentrated. The residue was dissolved in CHaCly (I mL). Benzyl-phenylethyl-

14
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0

antine {90 mg, 0.43 mmol}, I-hydrexybenzolnazole hydrate (62 mg, 0.4 mmol) and
DIEA (0.1 mL) were added at 1°C. Afler stirring a1 25°C for 20 hours, the mixtuee
was diluted with EIQAc (25 mL), washed with ice-cold 2% NaOH solution (2x20
mL), 1% HCI solution (20 mL) and brine (1x20 mL}, dried and concentrated. The
residue was purified by column chromatography (20%% E10OAc in hexanes) to give 45
mg (27% yield for ihres steps) of the ritts compound as a cleqr oil.

Spectral analysis ol the product was consislend with compound 113
'H NMR. (CDClLy) (mixture of amide rolamers): § 7.36-7.04 (10H, m), 1.30 (3H, 5),
1.28 (3H, 5).
LCMS 510 (M+Na'), 489 (M-H)

EXAMPLE 65

Synthesis of (§)-1-(1,1-Dimethyl-propylsulfamoyl-pyrrolidine-2 -carboxylic acid (3-

pyridin-3-yl-propyl)-smide (compound 114)

Step 1: Synthesis of 1-(1, I-Dimethyl-propylsulfamoyl)-pyrrelidine-28-carboxylic
acid [compeund 30):

Compeund 3) was prepared analogous to Example [ 1--Step ).
Step I: Symthesiz of (5)-1-(1,1-Dimethyl-prepylzulfamey!}-pyrrolidineg-2-carbox ylic

acid (3-pyridin-3-yl-propy[-amide {compound 114):

f (]
N =
0-5-0

s
Compuound 114 was prepared from the carboxylic acid (campound 30) und 3-
pyridin-3-yl-propylanine by a synthetic method analoguus to the Swp 2 oF compound

31 synthesis. A 70% yield was oblained for the title compound.

JP 2004-500355 A 2004.1.8
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Spectral anzlysis of the product wag consisternt with compound 114:
'H NME (CDCl): 8 8.48-8.40 (2H, m), 7.52 (1H, dt, 1=7.8, 2.1 Hz), 7.21 (1], dd,
)=17.5, 5.1 Hz), 6.87 {IH, br t, J=5.4 Hz), 4.66 {1H, 5), 422 {1H, dd, )-8 4, 4.5 Hz),
3.47-3.17 (3H, m), 2.66 (2H, t, J=7.3 Hz), 1.32 (3H, 5), 131 {3H, §), 0.93 (3H, 1,
J-7.5 Hz).
HRMS (MALDI) calculaled tor CgllnMNaQsSNa (M+Na") 405.1931; found 4051945,

EXAMPLE 66

Svnthesis of (8)-1-{Pyridin-3-ylsulfamoyl) pyrrolidine-2-carhoxylic acid benzy! ester
campound 115

Step 1: Synthesis of 1-chlocosulforyl-pyrrolidine-25-carboxylic acid benzyl ester

{compound 14):

Compound 14 was prepared analogous to Example 2--Step 1,
Step I Synthesis of (§)-1-(Pyridin-3-visultamayl}-pyrrolidine-2-carboxylic asid

henzyl ester (cormpound 113):

GEn

N
G:5:0
N

Compound 113 was prepared from the sullarmoy] chloride {eompound 14) and
3-amina-pyriding by a synthetic methad analogous to the methed 11 of compound 25

synthesis. During the work-up of the reaction, concenirated cupric sulfate sofunan

116

JP 2004-500355 A 2004.1.8
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instead of HCl solution wis used 1o wash off 3,5-lutidine. A 59% yield was obtaimed
for the 1tle cotnpound.

Spectral analysis of the praduct was consistent with comgpound 113:
"H MR (CDCLy): 8 8.4 (1H, d, =2.7 Hz), 8.38 (1H, d, J=4.5 Hz), 7.8-7.7 (2K, ),
74-73(5H, m), 723 (1H, dd. J-9, 5.7 H:), 5.17 (2H, AB), 4.53 (1H, dd, 117=9, 4.5
He), 3.55-3.30 (2H, m), 2.34-2.2 {11, m}, 2.[-1.98 {1H, m), 1.97-1.85 (2H, m}.
HEMS (MALDI) calculated for C ;HzppMN 048 (M+H’} 362.1175, found 362.1175.

EXAMPLE 67

Synthesis of (S)-1-(T'yridin-3-ylsul famoy[-pyrealidine-2-carboxylic acid {compmd
ne)

Step [: Syntbesis of (5)-1-{Pyridin-3-ylsulfamoyl)-pyrrolidine-2-catboxylic acid

benzyl ester {compound L15):

NI OBn
0-8-0

HY

o

Compeund 115 was prepared analogous to Example 66--Step 2.
Step 2: Synthesis of (§)-1-(P yridin-3-visu)famoyl)-pyrrolidine-2-carboxylic acid

{compound 116):

[N 1 OH
0-8-0
C

JP 2004-500355 A 2004.1.8
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Compound 11§ was prepared from the benzyl ester (compoutid 115) by a
synthetic method analogous to compound 30 synthesis. An $9% yicld was obtained
Tor the ttle compound,
Spectral analysis of the product was consistent with compound 116:
5 'HMNMR (CDCL): § 8.87 (1H, d, 1=2.4 He), 8.19 (1K, brd), 8.14 {LH, br d), 7.48
(1H, dd, J=3.4, 5.1 Hz), 4.59 {1H, dd, 1=8.4, 3.6 Hx), 3.68 (2H, m), 2.49-2.26 ( 7H,
m), 2.13-2.02 (2H, m}.
HRMS (MALDI) calculated for €gH oN: 1045 (M+H') 272.0705; found 2726710,

EXAMPLE 68

10 Synthesis of (8

one (Compouend 117

Step [: Synthesis of {8)-1-(Pyridin-3-ylsulfamoy]}-pyrrolidine-2-carboxylic acid

-1, 1-Dioxo-2-pyrdin-3-v]-hexahvydro-16-thia-2, 6a-dinza-pentalen-3-

(compound 116);

OH

%

N
D=ga0

(;Ti

15 Compound 116 was prepared analogous to Examplc 67--Step 2.
Step 2; Synthesis of (3)-1,1-Dioxo-2-pyridin-3-yl-hexahydro-116-thia-2 Ga-diaza-

pentaten-3-anc (Compound 117):
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JP 2004-500355 A 2004.1.8



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(270)

WO 01/40185 POT/USM03T679

Compoutd 117 was prepered from corpound 114 upes treatimens of EBC and
DMAP in CHyCY;. An 86% yield wag oblzined lor the title compound.

Spectral analysis of Lhe product wis consistent with compound 117:
"H VIR (COCLY: 6 8.70 (2R, m), 7.79 (111, m). 7.45 (1H, dd, I=8.4, 4 8 Hz), 6.53
{LH, br s), 4.66 (1H, 3d. J=8.4, 3.6 Hz), 4.01-3.90 (tH, m), 3.6-3.48 (1H, m), 2.58-
2.34 (2H, m), 2.13-1.91 2H. m).
HRMS (MAL DI} ¢aleulated Ior CioHzN10-8 (M+H’) 254.0599; found 254.0609.

BEXAMPLE 649

Synthesis of {§)-1-(Pyridin-3-ylsulfarmoy }pyrrolidine-2-carboxylic acid {3-phenyl-

propyl-amide (compound 118)
Step 1; Synthesis of (8)-1-{Pyridin-3-ylsulfamoyl}-pymolidine-2-carboxylic acid

{eompound 116):

[ N l OH
S8l

HN

Compound 116 was prepared analogous to Example $7--Step 2.
Step 2: Synthesis of (S)-1-(Pyridin-3-ylsulfamoy])-pymolidine 2-carboxylic acid (3-
phenvl-propyl)-amide (cormpound 113):

ﬁ\/\/Q
N

0:8:0

Hi

..
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10

Compound | 1§ was prepared from the carboxylic acid {campound 1 16) end 3-
phenyl-propylamine by a synthetic method anslogous to the step 2 of compound 31
synthesis. A 21% yicld was obtained for the title compound.

Speciral analysis of the product was consistent with compound 118:

'H NMR. (CDCly): 6 8.56 ¢1H, d, J=2.1 Hz), 835 (1H, br d), 7.76 ({H, m), 7.3-7.1
(68, m), 6.47 (TH, 1, =6 Hz), 4.30 (1M, t, 1=6.3 142), 1.47-3.37 (IH, m), 3.20 (2H,
m), 2.59 (2H, t, [=8.1 Hz}, 2.16-2.06 {1H, m), | §7-1.68 (3B, m).

HRMS (MALDI) calculated for CioHsNyO3S (M-H'} 389.1647; found 389.1G33.

120
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The thiomorpholine derivatives of the present invention may be prepared in

the manner depicted m Scheme 9 below:

(s\
N,JYD\
L

Cham, Sar Prrki Trans |

Rel. 1.
1873 1321-1328

‘ -LIAe]
E4N

5.

o oy

62

wherein R is

s
CiGOH [' j
Et,N PCl, N

v
CIDgs

{' 1N NaOHIMatH
g O, ———————
B

Schems 9

2.,
M

L]

5

I, ~
e oH
guﬁr
<
B2

s
[1 o PO, CISOSHELN
(i T[ R — -—

cda, ©

66

Aaiding RFM

éo, o
IINL.R;.

jl,]:-., P

pyriding

=y, G

HA. ™
I
HW[OUB
O

ROH

DCC, DMAR

CRCO0H

35T RT. H

e

R is hydrogen, 3,4,5-trimethoxyphenyl, Pb and

R is hydrogen.
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2n

The following compounds were prepared according to Scheme 9 depicted
above:

EXAMPLE 70
Synthesis ol 4-(3,4,5-Trimethoxy-phenylsuifamov()thiomorpholine-3-carboxylic acid

methyl ester (compound 61}

Step 1 Synthosis of 4-Chlorosulfonyl-thiomerpholine-3-carboxylic acid methyl

ester (compound 60):

Compaund 60 was prepared from methyl thivmorphaline-J-carboxylate with
813% vield by a synthetic method analogous to Example 3--Step 5.

Spectral anulysis was consistent with compound 6{:
IH MMR (CDCH): 8 5,12 (1H, brs), 428 (H. brd, J-14.1 Hr), 3.85 (3H, ), 3.83
(LH, m), 3.25-2.93 (3H, m), 2.30 (1H, 4, }=13.3 Hz).
Step 2: Synthesis of 4-(3,4,5-Trintethoxy-phenylsul famoyl}-thiomarpholine-3-

carboxylic acid methyl cstor (compound 61).

s
E;l
05,
NH

O\
v

¢
Mo Ohle

Compound 61 wis prepared {rom compound 68 (83% yield) by a synthetic
method analogous o Exumple 3-Step &,

Spectral analysis was conststent with compound 61:
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LH NMR (CDCl3): § 7.7 (11, br 5), 6.52 (211, 53, $.04 (1H, br 1), 3.95 (111, dt, J=13,
3 Hz), 3.85 (6H, ), 3.82 (3H. ), 3.37 (111,14, J=12.7, 2.6 Hz), 3.12 (1H, dt, 1=13.6,
2.8 Hz), 380 (110, dd, J=13.8, 3.8 Hz), 2.82 {[H, td, J=13.5, 3 Hz), 246 (1H, d4,
J=13.2, 2.9 Hz).
M8 (LOMS) 407 (M+H™).

EXAMPLE 7)
Synthesis of 4-sul famoyl-thiomorpholine-3-carboxvlic acid 4-phenyi-butyl ester
compound 67) and 4-(3,4,5-rimethoxy-phenylsul famoy D)-thicmorpholine-3-

carboxylic acid 4-phenyl-butyl eater (compound 68)

Step 1: Synthesis of Thiemoarpholine-3,4-dicarboxylic uctd 4-rerr-butyl aster 3-methyl

aster (compound 62):
!
N \r’,o\
H
Boc o

At 9RC, tricthylamine (& mL) and tert-butylearboxylic anhydride (6.7 g, 30.7
mmael) were added te a 1,4-dioxane solution (35 mL) of methyl thiomarphokine-3-
carboxylate (3.8 g, 23.6 mmol} which was prepared by the methed reported by
Gardon Lowe (). Chen. So¢. Perkin Trans { 1973 1321-1328). The mixture was
allowed to warm to 25°C. Aficr 20 hours, the solution was diluted with TiAc (100
mL), washed wilh saturated NaHCQ3 solution {1560 mL} and bring {1x40 mL), dried
over Mg80y4 and concentrated in voewo. The residue was filtered through a pad of
silica gel (100 mLY using 5% EtOAc in hexancs as the eluent. Evaporation afforded 6
@ (%7%, vicld) of compound 62 as a pale-yellow ail,

Spectral analysis of the product was eonsistem with compound 62:

123
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VH NMR (CDClz): (two rotamers) § 5.27 and 5.02 (1H. s). 5.36 avd (4.24 {18, d,
J=11 Hz), 3.79 {3H, 5), 3.35-2.35 (5H, m].
Step 2: Synthests of Thiomorphaline-3,4-dicarboxylic acid #-ter-butyl ester

{compound 63):

ES
Nj\n’aH
Boc a

AL 25°C, an agueous NaOH solution (1N, 15 mL) was added 10 the methyl
ester solution in MeQH (30 mL}. Afler 4 hours, the mixture was concentrated in
vaeue and adjusted to pH~2 using ice-cold 10% HCi solution. The residue was
extracted with Etz0 (3x3¢ mL). Combincd organic layers were dried over NapSOg
anf conceniraled. The crude oil was purified by passing throngh a pad of silica get
(60 mi} using 70% EtOAc in hexanes. After evaporation, the gommy solid was
triturated with 50 mL of warm hexanes, affordng 5y (96% yield) of white solid.

Spectral analysis of the produgi was consistent with compound 63:

Lo vir (CHCIgY {lwo rotamers) § 5.32 and 5,10 (1H, s}, 437 and 4.24 (1H, 4, J=12
Hz), 3.4-2.3 (SH. m), 1.4 (9H, 5),

Step 3: Symthesis of Thiemorpholine-3 4-dicarboxylic acid 4-ferr-butyl ester 3-(4-
plrenyl-butyl}) ester {(compound 64):

L. EE\TOWA%

[s]

Compound &4 was proparad from compound 63 (70% yicld} by a synthetie

melhod analogous (o Example 3--Step 3,

Speetral analysis of the product was consistent with compound &4:
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1 NMR {COCR): {two rotamers) & 7.4-7.1 (SH, m), 4.3-4.1 (2B, m), 3.78 (1H, m},
3.39(1H, m), 3.2-3.0 (3H, m), 2.78 (1K, d, }=13 Hz), 2.66 (2H, m), 1.62 (50, 5.
Step 4: Symthesis of Thiomorpholine-3-carboxylic acid 4-phenyl-butyl esier

{compound §5):

(S
\Nl’(ox/\/‘wph
B35

Compound 85 wis prepared from componnd 64 (80% yield) by a synthetic
methed analopeus (o Example 3--Step 4.

Spectral analysis of the product was conststen! with compound §5:
1H MMR.(CDCI3): 8 7.35-7.1 (5H, m), 4.254.1 (3H. m), 3.63 (1H, dd, 1-13, 3 H),
3.38 (11, dt, J=13, 3.2 Hz}, 3.01 ([H, dt, J=12.3, 2 Hz}, 2.9-2.6 {4H, m), 1.70 (4K,
n).
Step 5: Synthesis of 4-chloresul fonyl-hiemorpholine-3-carboxylic acid 4-phenyl-
butyl ester (compound 66):

8.

-
[N "\Irrox/\/"‘\ Ph

\
30, O
o

Compound G5 was preparad from compound 65 (50% yield) by & synthetic
rnethod analogous to Example 3--Step 5.

Spectral analysts of the product was consistenl with compound 66:
VL NMR (CDCls): 8 7.35-7.0 (SH, m), 5.11 {1H, my, 4.27 (3H, m), 3.82 (11, dt,

I=13, 3Hz), 2.2-3.0 (3H, m), 2.67 (2H, m), 249 (11, 4, ]= 13 Hz). 1.8-1.65 (41l m)
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Step 6: Synthesis of 4-sulfamoyl-thiomerpholine-3-carhoxylic acid 4-phenyl-bulyl
ester [compound 67) and 4-(3,4,5-lrimethoxy-phenylsutfamoeyl}-thismorpholine-3-

carboxytic acid 4-phenyl-butyl ester (compound 68):

®!

Ox_/x,/-.Ph

05, O

s NH

C =

o

N gy MeO— j{

08 Q Meg  OMe

kit a7 [

Compound 67 and compound 63 were prepared from cottipound 66 by &
synthetic method anglogous te Example 3-Step 6. Compound 67 was obiained in
35% yield. Compound 68 was also isolated from the reaction in 1074 vield.

Spectral analysis of the product was consistent with compound 67:

L33 NMR (CDClak: & 7.35-7.2 (11, m3, 5 07 (201, brs), 4 98 (1H, m), 4 35-4. 1 (2H,
m}, 380 (1H, dt, 1= 17.0, 3 11z), 3.28 (117, ¢d, J=13, 3 Hz), 3.15-2.97 (2H, m), 2.88
(18, 11, 1=13.2, 3.3 Hz), 2.65 {2H, m}, 2.52 (1H, 4, J=13 Hr}, 1.8-1.6 (4H. m).

Spectral analysis of the product was consistent with compounnd 8:

TH NMR (CDClg): § 7.35-7.0 (5H. m}, 6,50 (2H, 5}, 5.02 (1H. m) 4.35-4 15 (2H, m),
3.94 (1H, dt, J=13.2, 3.2 He), 3.54 (61, 5), 3.80 (3H, 5), 3.36 {1H, 4, 1=12.8, 2.5 Hz),
300{1H, dt, I-13.8, 2.8 Hz), 2.99 (VF, dd, J=12.8, 3.0 B}, 2.80 (1H, td, J=13.6, 3.0

Hz), 2.66 (2H,m), 2.44 {1H, dd, I=13.2, 3 Hz), 1 68 {4H, m}.

MS (MALDI): 524 (M"), 547 (M+Na™).

HEMS: caleulated for CzqH3N70987 (MT) 524.1651; found 524.1650.
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EXAMPLE 72
Synthesis of 4-Phenylsulfumoyl-thiemorpholine-3-carboxylic acid 4-phenyi-buty]

ester (compound 69

Step [: Synthesis of 4-chlorosulfenyl-thiomerpholine-3-carboxylic acid 4-phenyl-

buryl ester {compeund 68):
\N/\‘ H,D\/\/\ ok

‘
o 50, O

8.,

Compound 66 was prepared analogous to Example 71--Step 5.
Step I: Synthesis of 4-Phenylsulfamoyl-thvomerpholine-3-carbaxylic actd 4-phenyi-

butyl ester {compound 69).

3.
SV

!
X
NH

Coempound 69 was prepared rom compound 66 by 4 synthetic method
analogous Lo the method Il of compound 25 synthesis. An 18% yield was abtained
Spectral analysis ol the product was consistent with compound 69:
TH NMR (CDCI3Y 8 7.3-6.95 (10H, wy), 4.55 (1H. t, J=3.6 Hz), 4.19 (2H, uz), 3.84
(JH, &1, J=13.2, 3 Hx), 3.29 (1H, td, J=12.4, 2.4 Hz}, 3.01 (L1L, dt, J=14.1, 2.7 Hz),
2.87 (1H, dd, J=14.1, 3.6 Hz,.
HRMS (MALDI): calculated for CoHagNaO482Na (vi~Maty 457.1226; found

457.1245.

27

JP 2004-500355 A 2004.1.8



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(279) JP

WO 01/40185 POT/USM03T679

20

EXAMPLE 73

Symthesis of 4-(2-Oxo-2,3-dibyd o-1 H-benzoimidazol-5-ylsu famovl)-

thiomorpholine-3-carboxylic acid 4-phenyl-butyl cster (compound 70)

Step 1: Synthesis of 4-chlorosulfonyl-thiomorpholine-3-carboxylic zcid 4-phenyl-
bulyl ester (compound 66):
5

L

[ Onro™p,
CL/SOZ [}
Compound 66 was prepared analogeus o Example 71--Step 5.
Step 1: Synthesis of 4-(2-Oxo-2,3-dihydo- IH-benzoimidazol-5-ylsulfamoyi)-

thiomorpholinc-3-carboaylic acid 4-phenyl-buty! ester (compound 70):

Compound 70 was prepared from compound 66 by a svathetic method
anzlogous to the method I of compound 25 synthesis. A 34% yicld was obtaincd,
Spectral analysis of the product was consistent with compound 70:
LH NMR (€0300% 8 7.2-7.0 (31, m), 6.47-6.86 (ZH, ), 6.78 (1H, ad. J=8.7, 2.1
Hz), 4.06 {2H, m), 3.77 (1H, J=14.1, 3 iz}, 3.33 (1H, m}, 2.81 (1H, br d1), 2.6-2.45
(310, ), 235 {1H, td, J=12.3, 3.6 Hz), 2.23 (1H, m).
HRMS (MALDI}: caleulated for CppHa7N40587 (M+HT) 491.1417; found

481.1402.
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The heteryeyclic seres of the present invention may be prepared in the manner

depicred in Scheme 10 below:

Ob;]\go“ HzN‘ujL' ph -

=2

-
W N,“JLJpn PPM 1y
JI

Scheme 10

o
L o

N P
O%A‘nﬂ[ \'.E/\

o EDC/LMAP LN '
;
{ 7t 7 "
Ph PR Fh
HYPA-C
" Ethanol
O~
e [
ST 3,5-lotiine i a
=] N—N —_— MNSDZU R N i ‘ﬁ/\Ph
N “ N—H
N It
€]
CISO;H
Ergh 1
M
POl l
C, »
e
os'“ T 7N 35-ulging ["A'[ro'ﬂ"f\p“
2;‘ A [ Ts M- N
5 R R 74
wherein R is hydrogen and metbryl, and

R” is 4-methoxyphenyl, phenyl and 3.4, 5-trimethoxyphenyl.

The lollowing compnunds were preparad according to Scheme 7 depicted

0 above:

EXAMPLE 74

Synthesis of 28-(3-Benzyl-[1,3,4Joxadiazol-2-yl}-piperidine- L -sulfonic acid

dimethylamide {compour! 75}

15 Siep L: Synthesis of (8)-2-[N"-{2-Phel

nyl-ethanoyh-hydrazinacathonyl]-piperdine- 1-

carbexylic acid benzvl ester {compound 71):
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(A i
N N
od o "
o
To a CH{ 19 solution (50 mL) of (S}{1}- 1 -(carbobenzyloxy)-2-
piperidincarboxylic acid {1.75 g, 6.66 mmol} and phenyl acetic bydrazide (1g, 666
mmol) werg added EDC {1.9] g, $.99 mmol) and DMAP (0.5 g, 4 mnwol). After 2¢
haurs, the mixture was diluted with CH2Clz (100 mL). washed witl: ice-cold 3% HCL
solution {50 L), over Nax804 and concentrated. 3 B of solid was obrained.
Speciral analysis of the product was consistent with compound 71;
LH NMR (CDClaY 6 8.37 {1H. br s}, 2.88 (111, d. J=4.% Hz), 7.4-7.2 (104, m), 5.1§
(2H, AB), 4.88 (1H, brs), 4.1 (1H, m), 3.63 {2H, br 5}, 2.23 (1H, m).
Step 2: Synthesis of (8)-2-(5-Beneyl-[1,3,4] oxadrazol-2-yl) pipendine-T-carboxylic

acid benzyl ester {compound 72):

e
oL,

Bn
At 239C, odine (3.21, 12.64 mmel) was added to the PPl selution int
CHaClp (40 mL). After 10 mwics, tricthylamone (1.5 mL) was added. followed by
compound 71 (2.5 g, 6.32 mmol). Afler 20 hours, the solution was concentrated and
passcd through a pad of silica gel (100 mL). The crude oil was purificd by column
chromatography (25-30% EtO A« in hexanes), afferding 609 mg (25%) of the desired
product as a solid. 1.6 g of compound 71 was recavered.

Spectral znalysis of U product was consistent with compound 72

3
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TH NMR (CDCl3) 8 74-T200H, m), 5.58 (1H, brs}, 5.13 {2H, br 5), 4.12 (211, br
51, 4.10 (1H, m}, 2.92 (1H, br s), 2.23 (IH, d, J=13.5 Hz|.
Step 3: Synthesis of (8)-2-($-benzyH 1,3,4]oxadiazol-2-yl)-piperidine {compaund

73y

u pL_Ll Ph
T'o an ethanol sclution {10 mL} of compound 72 was added 16% Pd on carbon
(10 mg) and kept under hydrogen atmosphere (1 atm) for 30 hours. The catalyst was
filtered off. Aller removal of solvent in vacws, & while solid was obtained (75mg).
Spectral analysis of the praduct was consistent with componnd 73:
TH NMR (CDCI): & 7.4-7.2 (5H, m), 4.17 (2H, br 5), 4.12 (2H, brs), 4.06 (16, dd,
1=9.9, 3.6 Hz}, 3.16 (111, dt, F=11.7, § Hz}, 2.79 (1H, m).
Step 4: Synthesis of 25-(3-Benzyl-[1,3, d]oxadizzol-2-yl)-piperidine- 1-sulfonic acid

dimethylamide {compound 73):

(Ir\:kﬁrc\"/‘ph
o H—H
N

AR
Compound 75 was prepared from campoond 73 and N.N-dimethylsulfamoyl
chloride by 2 synthetic method analogous 1o the method [1 of compound 23 synthesis.
A 45% yield was obtained.
Spectral analysis of the product was consistent with gompound 75:
UH NMR (CDClay. 3 7.4-7.2 (SH, m), 5.18 (1H, d, J=4.9 Hz), 4.20 (2H, AR}, 3.67
(1H, brd), .15 (11, m), 2.68 (6H, €), 2.17 (1H, br 4, 1.9% (14, m).

HRMS (MALDI): calewlated for C 5Hz3Ng038 (VHHT) 351.1485; found 351.1499.
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EXAMPLE 75

Synthesis of 3-(5-Benzyl-[1,3,4]oxadizznl-2-y])-piperidine- 1 -sulfonic acid (34,5

wimelhoxy-phenyl)-amide {compowd 78

Step 1: Synthesis of (8)-2-(5-benzyl-[ 1.3 4]pxadiazal-2-y1j-piperidine- 1 -sul fony]

P8

chloride {compaund 74):

. 0.

Ny
,80, N—N

]

Compound 74 was prepared {rom compound 73 by a synihetic method
analogous 1o that of Example 3--Step 5. A 65% yicld was obtained.
Spectral analysis was consistent with compound 74;
1 'HNMR (CDCL): $7.4-7.2 (5H, m}, 5.22 {1H, br ¢, J=4.5 Hz), 4,22 (2H, br g, 3.91
(LT, brd), 3.39 (111, m), 2.15 (21, m).
Step 2: Synthesis of 2-(5-Benzyl [1,3.4|oxadiazol-2-yl)-piperidine-1-sulfanic acid

(3,4.5-rimethoxy-phenyl)-amide (compound 78);

(Nj\‘rc\(’\w:

035' N-—N
NH

MeQ
ven  OMe

15 Campound 78 was prepared from compound 74 by a synthetic method
analegous to the method I1 of cempound 25 synthems. An 87% yield was obtained.

Spectral analysis of the product was consistent with compeound 78:
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TH NMR (CDCI3): 8 7.93 (1H, 5), 7.4-7.2 (5H, m), 6.52 (2H, 5), 5.39 (11, m), 4.18
{2H, AB), 3.83 (GH, 5), 3.B0 (3H, 5), 3.74 {1, br d), 3.14 (IH. td, J=13.4, 3.2 Hx),
2.21(1H, 4, br d), 1.95 (1K, ).

HRMS (MALDI): cafculated for Cy3llpgNa06SNe (M+Nat) 511.1622; found

5 5111622,

EXAMPLE 76
Synthesis of 28-{5-Benzyl-1,3 4[oxadiazol-2-y1)-piperidine-1-sulfopic acid

phenylamide (componnd 76}
Step I: Synthesis of (8)-2-(3-benayt-[1.3 4pxadizrol-2-yl)pipenidine-1-salfony]

1¢  chlonde {compound 74):

G
LAy
oS0 N

Compound 74 was prepared analogous lo Example 75--5tep 1.
Step 2: Synthesis of 25-(5-Benzyl-{ 1.3, 4]oxadiuzol-2-yl}-mpendme-1 -sul fonic uoid

phenylamide {compourkd 76):

Compound 76 was prepared from compound 74 by a synthetic method
anzlogous to the metlied I of compound 25 synthesis. A 92% yield was obtamed.

Spectral analysis of the product was cousistent with compound 76:

JP
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UH NMR (CDCl3Y: & 7.94 (111, ), 7.4-7.2 (9K, m), 7.09 (111, m), 5.38 (1H, br o),
4.18 (ZH, AB}, 3,69 (1FL, br d, I=12.6 Hz), 3.10 {LH, w, T=12.3, 33 Hz}, 2.23 (1H, br
), 1.93 (1H, m).
HRMS (MALDI): calculated for CogHagN4O35Na {M+Na') 421.1305; found
5 4211318,
EXAMPLE 77

Synthesis of 2-(5-Benzyl-[ 1,3 #Joxadiazo l-2-y[}-piperidive-1-sulfouic scid (4-

methoxy-phenyl)-methyl-amide (compound 77

Step L: Synthesis ol {S}-2-(5-benzyl-[ 1,3 4]pxadiazol-2-y1)-pipcridine- 1 -sulfonyl

10 chluride {compound 74)

Q.
Ao
o J50; N—N

1

Compound 74 was prepared analogous to Example 73--Step 1.
Step 2: Synthesiz of 2-(3-Benzyl-[1,3,4}oxadiazol-2-y])-piperidine-1-sulfonic acid (4-
methoxy-phenyl}-metliyl-annide {compoun! 77):
]
oo
055 N—N
N

~—

Compound 77 was prepared from compound 74 by a syathetic methed
analogous to the method 1L of compound 25 synthesis. An 33% yield wae obtained.

Spectral analysis of the product was cengistent with conrpound 77;
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TH NMR. {CDCl3) 8 7.4-7.15 (7H, m), 6 80 (211, m), 5.18 {111, d, J=4.8 Hz), 4.1¢

(2H, br 5), 3.78 (3H, 5}, 3.61 (1H. brd}, 3.16 (1K, m), 3.09 (3H, s), 2.08 (1H, hr d),

L85 (1K, m).
1RMS (MALDIY: calculated for C27H25N4045Na (M+Nat) 465.1567; found

5 465.1559.

n
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The bicyclic derivatives of the present invention may be prepared ist the

manner depicted in Scheme 11 below:

Scheme 11

< NHLCl Foc e
. OEt R Boetd | [
12 - OEt OEL
H N N
1 | EtsN )
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The following compouneds were prepared agcording to Scheme 11 depicted
above:

EXAMPLE 78

Synthesis of 2-(3 4 5-Trimethoxy-phenylsulfamoyl)-2-aza-bieyclo[2.2.] | heptane-

exe-3-carboxylic acid 4-phenyl-buiyl ester {compound 84) and 2-(3.4,5 Trinwthoxy-

phenylsulfamoyl)-2-aza-bicyelof2 2.1 heptane-cndo-3 carbpxylic acid 4-phenyl-butyl

ester (compound 85)

Step 1: Byolhesls of 2-aga-bicyclo[2,2 1 |heptaoc-2,3-dicarboxylic acid 2-rert-butyl

ester 3-ether ester (compound 79):

2] o

O o]

Following Hursthouse®s proceduce (I Chen. Soc. Perkin Tran. J, 1995, 2419-
2425), 1-uza-hicyeln[2.2.1|hept-5-une-3-carhoxylic acid ester was prepared 25 an exo-
and endo- mixture. At 0°C, triethylamine ( (5 mL) and tent-butylcarboxylic anhydride
(19 g, 87.5 nunwl) were added 1o 2 1,4-dioxane solution (50 mL) of the ahove
exo/endo mixture (13.2 g, 72.9 mmol). The mixture was allowed (o wartn (o 25¢C.
After 20 hours, the solntion was diluted with EtQAc (100 mL), washed with saturated
NalTCQ4 selution {1x60 mL) and brine (1x60 mL), dried over MgS04 and
corcentrated it waeie. The residue was filtered through 2 pad of silica gel (100 ml)
using 5% EtOAC in kexanes as the eluent. Evaporation afforded 20 g of pale-yellow
oil, a pothion of which {4.5 g) was dissolved in 50 mL of ethannl. Pd on carbon (0.5
23 was added to the solution, and the suspenzian was kept under hydrogen atmesphere
(30 psi) for 20 bours. The catalyst was filtored off. After remeval of the solvent, 4.3

2 of cotorless oil was ohtained.

JP 2004-500355 A 2004.1.8
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Spectral analysis af the product was consistent with compound 79:
{H NMR {CDCl3): (two retamers of cudofexo mixiure) 3 4.45-4.1 and 1.35-3.66 (4H,
), 2.77 and 2.66 (1H, br s].
Step 2: Synthesis of 2-aza-bicyclo[2.2.1]heprane-2,3-dicarboxylic: acid 2-fer-butyl

ester (compound 30):

)

O:L o}

Compouined 80 was prepared from compound 79 by a svuthetic method
anuloygous to that of Example 3--81ep 2. A 45% yield was obtained
Step 3: Syothesis of 2-aza-bicyclol2.2.1 |heptane-2,3-dicarboxylic acid 2-reri-butyl

exter 3-{4-phenyl-buty(} ester (compovnd B1):

Campound 81 was prepared l1om eompound 8¢ by a synthetic method
analogous to that of Exarmple 3--Step 3. A 72% yiefd was obtained.

Speetral analysiz of the product was consistent with compound $1:
I1H NMR (CDCI3): (two totamers of endo/exe mixtre) 8 7.35-7.1 (5H, m), 4.45-4.05
and 3.82-3.71 (5H, m), 2.77 ond 2.64 (3H, br ).
Step 4. Synlhusis Preparution of 2-azz-hicyclo[2.2. 1 Jheptane-3-carhoxylic acid 4-

phenyl-butyl ester fcompound B2):

3
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N Ph
@\“}:'V\/\

Q

Compound 82 was prepared from compound 81 by 1 synthetic method
anzlogous to that of Example 3--Step 4. An 80% yield was obtained.

Spectral analysis of the product wag consistent with compaound 82:
1 NMER {COCly): {endo/exo mixture) § 7.35-7.1 {SH, m), 4.25-4.05 (2H, m), 3.82
and 3.52 (L1, m), 3.48 and 3.30 ¢ UH, br 5), 2.69-2.57 (3H, m).
Step 5: Synmihesis of 2-chlorosulfonyl-2-aza-bicyclo[2.2.] Theplane--rarboxylic acid

4-phenyl-butyl ester (compound 83}

Ciogs o
Cempound 83 was prepared from compound 82 by 2 synthetic. method
analogous to that of Example 3--Step 5. A 70% yield was obluincd.
Spectral analysis of the product was censisicnt with compaimd 83:
L NMR (CDCI3): (endofexo mixhwe} § 7.35-7.1 (5H, m), 4.54 and 447 ([H, bx s),
43-4.1 (3, m), 2.97 and 3.0 (14, br 5), 2.82 and 2,53 (1B, m}, 2.65 (2H, m), 2.15
(21, m).
Step 6: Synthess of 2-(3,4,5-Trimethoxv-phenylsul famoyl)- 2-aza-bicyeln[2.2.1]
heplane-exo-3-carboxylic acid 4-phenyl-butyl ester (compound 84) and 2-(3,4,5-
Trimethoxy-phenvlsul famoy]}-2-aza-bivyelo[2.2.1 Theplane-endo-3-catboxylic acid 4-

phenyl-butyl ester (compound 85):

130
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Compound 34 and compound 85 were prepared from compound 83 {~1:[
cxo/endo mixture) by a synthetic method analogous fo the method 11 of compound 25
synlhesis. Compound 84 was obtained in 40% yield as the fisst fraction, while
compeund 85 was isolated in 35% yickd as the second fraction.

Spectral analysiz of the produet was consistent with compound 84:

LH NMR (CDCla) & 7.35-7.1 (3H, m), 6.76 (LH, 5), 6.59 (211, 53, 4.15 (3t m), 4.02
(LH, 5), 2.95 {LH, br 5), 3.84 (8H, 5), 3.82 (3H, 5), 2.76 (1H, br d), 2.64 (2H, m), 2.04
(LEL, m).

HRMS (MALDI): caleulaied for CagtizaNaO78Na (MiNat} §41.197%; found
541.1996.

Speciral analysis of he product was consistent with compound 85
TH NMR (CDCl3): & 7.35-7.1 (5H, m), 6.77 (111, br 5), 6.60 211, 51, 4.45 (111, d,
1=4.8 Hz), 4.2-4.15 (3H, m), 3.85 (GH, ), 1.81 (2H, ), 2.88 {[H, br d), 2.65 2H, m).
FERMS (MALDI): caleulatzd for CogHaaN2078 (M ') 518.2081; found 518.2092.

A variety of ussays and iechniques may be employed to determine the
aclivities of the compounds of the pregent juvention. The activity of 2 compound of
the jnvention for stimulition of neurite owtgrowth through the FKBP pathway is
directly related ro its binding affiniry for FKBE12 and irs abjlity 1o jnhibit FEBP12

rotamase activity, In order to quantify these Jatter properties, assays known in the art

140
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for measuring ligand binding and enzyme activity may be empleyed. Assays for
stimulation of neurite outgrowth are described below.

For example, compounds may be {ested to determine their neurolrophic
activity using the method described by Lyons eLal, Prac. Nail. Acad. Sci., 91:3191-
3195 (1994). In this ral pheochromecyloma essay for nenrite cutgrowth, PCI2 rat
pheochromocyioma cells are maintained at 37°C and 5% CO; in Dulbecea™s mexdified
Eagle’s medium (DM EN) supplemented with 10% heat-inactivated horse serun and
5% beat-inuchvated foral bovine semum. Cells are then plated, coaled a1 10° per 35
mm culture well with rat tait collagen at 5 mgfem?, and allowed to attach. Medium is
then replaced with DMEM supplemented with 2% borse serum, 1% fetal bovine
senum, nerve growth lactor (NGE), andior varying concentrations of lest campounde.
The cantrol cultures are sdministered NGF sithout any of the test compounds.

Another exemplary method thal may be useid for measuring potency for
stimulation of neurite outgrowth is tire rat dursat rool ganghia assay. 17 this assay,
dorsal reot ganglia are dissected from 16-day-old Sprague-Dawley rat embryos. The
sensory ganglis are then cultured in collagen-cozted 35 mm Faleon dishes with -2
mediuvm {DMEM/Ham’s Fyz, 1:1) at 37°C in a2 15% CC; environment. The nedium is
supplemenied with seleuium, progesteronc, insulin, putrescine, glucose, penicillin and
streptomyein. The ganglia arc then weated with varibus concentrations of NGF (0-
106 ng/ml) and test compeund. The sensory ganglia are observed every two to thres
days under a phase contrast yuicroscope, and the exon lengths are measured. Sec
Lyons et al, PNAS, 91:3191-3195 (1994).

Gther suitable assays may be used to measure the activity of the compounds of
the present invention. For example, immunesuppressant activity can be cstimated

through measurements of the inhibition of caleineurin phosphatase activity by

141
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25

complexes of compounds of the invention bound to FKBE (Babinc <t al., Sioarg.
Med. Chem. Leit., 6, 385-390, 1996). The phosphopeptide phosphatase activity of
calcipeurin is assayed at 30°C using a continuous coupled spectrophotometric assay
(Etzkorn ¢t al., Biochemisiry, 32, 2350, 1894) and the phosphorylated 19-mer pepiide
substeate derived (rom the regulatory subunit (Ry) of cAMP-dependent protein kinase.
The agsay mixture contuns 5¢ mM MOPS (pH 7.5), 0.1 M NaCl, 6 mM MgCly, 0.5
my/ml bovine serurn albumin, 0.5 mM dithiothreitel, 1 mM CaClz, 1 mM MnClp, 20
M phosphorylated Ry peptide, 20 nv humien recombinant caleineurin, 40 nM
calmodulin, 10 pg/mL purine nbonuclcoside phosphorylase, and 200 pM
methylthioguanosine as described by Etzkormn et al,, plus 1% dimethylsvlfoxide
(NMS0) as co-solveat and 100 pM FEBP. Compounds are tested for FKBI-
dependent nhibiiicn of caleineurin at their maximurn solubility. Under these
conditions, the apparent inhilntion constant for inhibition of human recombinant
calcingurin by FKBP-FK 506 is measered to bg 43 nM,

Binding of compounds to FKBF may be measured direetly using
microcalorimetry. Calarimetric titrations arc carried out using the MCS-ITC
ingtrument {MicroCal [nc., Northhamplon, MA). The litrations may be conducted as
follows. Protein dialysate is degassed for 15 minutes using MicroCal egnipment.
Stock intubitor solutten is added to co-soivent (typicaliv DMSD) and degassed
dialysate, followed by brief somicabon, to produce the final inhibitor solutions to be
used in the titrations.  Final inhibitor solutions are in the concemration range 10 to 30
piM. Dialyzcd protein ts added to co-solveni and degassed dialysale to produce
FKBP12 soluncns ik the concentration range 200 1o 1600 pM.  As both solutions are
prepared using degassed dialysate, no additional degassing of the solutions is

performed. Co-solvent is added to the protein soluliens o maintain a fixed vo-solvent

142
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concentration threughout the course of the titration. Protein is Hirated into inlvbitor
uging a 135-uL, injection syringe. The tittations arc conducted with the ligand in the
cell duz o low salubility of iohibitors. Typically, a preliminary Z-pL injection is
followed by fifteen 8-uL injections made al varying injection intervals. A full set of
dilution controls is candusled for each tilration. Axn appropriate volurc of co-sobwent
ix added 0 degassed dialysate to produce the buffored co-solvent salution used to
obtain hears of dilutian of the reactauts. After correcting, for the heats of difution and
deletion of the prelimipary iujcetion, the tiration rosults are ffted using the “One Set
of Sites Mode)” in the ORIGIN software package supplied with the instrument.

Bindiag to FEBP s direstly measured by microcalerimetry has been found to
correlate well with patency fox inkibition of the rotamase reaction, which is readily
ussayed by methods known in the art (see, e.g., Fischer et al., Biochim. Biophys. Acte
T91. 87 {[284); Fizcher et al, Biomed. Biochim. Acta 43, 1101 {1984); Fischer et al.,
Nature 337, 476-478 (1989}); Sickicrka et al, Naiure, 341, 755-57 {1989); U.S. Falcnt
No. 3,696.133; and Harding ct al., Mafure, 341, 758-60 (1989,

In the rolamase inlubition assay, isomerizalion of an arti ficial substrule N-
suecinyl-Ala-Ala-Pra-Phe-p-nitreanilide is [ollowed specirophotometrically. The
assay includes the cis form of the subsmare, FKBP12, the compound being tested, and
chymaltrypsin. Chymotrypsin is able to cleave p-nitroaniling from the trans form of
1he substrate, but not from the cfs form. Release of p-nitcoaniline is measured
spectrophotometricaily. Using this assay, varieus amounts of the FKBP roamase-
injubiitg compounds of fermuia (1) were added to cis-N-suceinyl-alanine-alanine-
proline-phenylalanine-parz-nitroaniline {BACHEM, 3132 Kashiwa Street, Touzance,

Ca 90503) in the presence of FKBP12 and chymorrypsin. Spectrophotometric
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maasurements af p-nitroaniline concentrations allowed estimation of the apparent ¥,

values, which are provided in Table ! below.

144
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Table 1
Cempound Molecular Structure Meurite- | Microcalori- | Rotzmase
Number QGutgrowth metry Kipagpy (LM)
Activity Ka (uM)
(PC-12}
13 NT NT NT
V r\_\ LN
£
oy
15 NT NT NT
Ly
O
o
2t . NT NT 4.382
Prone
a0
L.
23 NT NT .99
! ‘Ek] i
T \].:]
24 NT NT 1.1
Ul
LY
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Table1
Compound Molecilar Siracture Weurite- | Microcalori-| Rotamase
Number Qutgrowth melry Kitapp) (LM}

Achivity o (uM)

(PC-12)

25 1.2 2.2

%""‘"‘C 0.001-1 pM
e

=
26 WT NT 0,192
oo
iy e &
7 NU NT NT
0,0
1
7
AN
w | T Nr NT NT




L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

WO 01/40185

(298)

POT/USM03T679

Table ¥
Compound Molecolar Structure Nearite- | Microealori-| Rotemase
Number Qutgrewth metry Kitapp (M)
Activity Kq (pM)
(PE-1Z)
29 NT NT NT
iﬁ"":j
et
e
31 '_H . 0.001-1 M 4.5 2.79
L
33 0.001-1 pM 14 NT
e
o o
34 NT NT NT
-
e
g
i
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Table 1
Corapound Molecular Structure Meurite- | Micracaleri- | Rulamase
Number Outgrowth metry Kicapm (u¥)
Activity Ka(p¥)
{(PC-12}
35 NT NT NT
N
<
36 nr [T owr | T
ey
.Jg
37 A NT NT N1
i
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Table 1

Compound Molecolar Structure Neurite- | Mieroealeri-| Rotamase

Number Qutgrowth mefry Kijapp (nM)
Agtivity Ko (0M)

{PC-12}

38 NT NT MNT
o
Sy

NT = not tested

The aftinity for FKBP-12 (Ki} for thy compounds set forth in Table 2 wore
mieasured using (he assay set forth below:

In a quartz cuvette, a final [ mL buffer concentration was reached (50mM
Hepes, 100 mM WNaCl, pH 8.9). Within this final reaction volume, 3.5 ul. 20 mM
FKBP-12 (in 50 mM Hepes, 100 mi NaCl, pIl §.0} and 10 pL test eampound in
DMS0 were added. The reaction was initiated by adding 10 ub chymotrypsin (108
mg/ L in L md HCL) followed by 5 pL {1-28 mM succinyl-Ala-Leo-Pro-Phe-ptiaA in
240 mM LICUTFE).

The absorbance at 390 nh versus time was monitored for up to 400 seconds.

Rate constants were determined trom the absorbance versus time plots generated.
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Table 2
Campaund FKBP12
Structure M,
Numbar Kigpps, (M AME
N il O
' 1-{1, 1-Dimenhyl-propylsulfamaoy|H
a7 O:S\*O o 28 pyrralidine-28-carboxylic actd
N |benzyi ester
o
oo
9
N Q X,
28 0:?’._20 O 197 1-Phenyisulfamoy-pyrroliding-
. 28-warbesylic acid bensyl ester
73
—_ = . i —
|
Q.
y
i5 0-‘;3_{(3 o P 1-Phenaxysullony-pyrrolicine-
| 28-carboxrylic acid benzyl ester
|
!
7N
o -
)
0. Sy
W ~ e arg 1-(1,1-Dimethyk-propylsuifamoyly
kil e=8=G © g' 4 pyrrelidine-25-carboxylic acid 3-
/ﬁN ) pyridin-3-yl-propyl ester
b
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Compound | FKEP12
P Structure Kiapps, M NAME
1-{3,4.5-Trimethaxy-
26 44 phenylsulfamoylj-pyrrolidine-25-
|carboxylic acid benzy! ester
146 1-Phenylsulfamovi-pipartdine-254
24 carboxylic acid 4-phanyd-butyl
0.508
aster
1-(3,4,5- Trimathoxy-
25 0.2 pshenylsulfamoy}-piperidine-25-
0.18 carbaxylic acid 4-phenyl-butyl
ester
|
1-Phenoxysulforyl-piperidine-234
12 8.5 earboxylic acid A-phanyl-butyl

|esfer
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Table 2 (cont’d)

(303)

POT/USM03T679

Gompound FKBP12
Number ‘ Structura Kiapps, ;M NAME
e
N o j
o=t 0 T 1-Phenylsufarmayl-pyrrolidine -
33 i b 358 28-carboxyfic acid 3-pyridin-3-yl-
: 4(} propyl aster
LA e .
! 7’;”?\f \/_\'/\@ 0493 1-{1,1-Dimethykprapyisufamoy)
26 A 5% Goya  |plerdine-28-carbomic acid 4-
: ’IF i phenyl-httyl ester
e m‘:\m
mn, -
Q( 0_(\/_/\_4)
e T 1345 Trimalhoxy-
2 Y 0.382 phenyisulfamoyl)-piperiding-25-
. 1 2.086 carboxylic acid 4-phenyl-1-{3-
| ET‘I\ phenyl-propyli-buly| ester
I e q
[
[ ] _ B
QA
’ L le_,a—{r \_/ 1-(1,1-Dimathyl-prazylsulfamoy.
- ¥ V\_@ 5.93  |pipericing-28-varboxylio acid 4-
- "*5\;" e 4 0.083  |phenyl-{3-phenyl-propyi-butyl
ester
1{ b GH, o,

JP 2004-500355 A 2004.1.8
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Table 2 (cvni*d)

(304)

POT/USM03T679

Compound FKBP12
Number Structure Kiapps, ,M NAME
'
e O
I
o=5=0 0
\N l1-(3.4‘5-Trmethnxy-
36 0.398 phenylsuitamayiFpiparidine-25-
| carboxylic acid benzyl ester
L=}
o tH
o,
!
( O\/@ |
1-{1,1-Dimethypropylsulfamayl}
38 0=5=0 © 0.678 piparidina-2S-carboxylic acid
benzyl ester
-
aye:N
zsj
N \(0‘-»"‘\/“%
0f o 4-13,4.5-Trimethony-
68 HH 4.41 phenylsulfarnoyl)-thicmorpholine.
=y a.4 3carboxylic acid 4-phenyl-butyl
\
WMel g J{ ostar
Otde
[ j o] ~ A-Sulfamoyl-ihiomarpholine-3-
57 \g’ T g:g carbioxylic acid 4-phenyl-butyl
Lo ester
i,

31
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Table 2 (cont’d)

(305)

POT/USM03T679

Compound FKBP2
Number Structure Kiapps, ;M MAME
ES
4}
LT
.0 @
/5"’0
%N, 4-3,4,5-Trimethoxy-
81 NT phenylsulfamayt]-dhicraorpholine
3-carbasyic acid metinyd ester
s 4
i HJC . CHi
! CH,
a7 (NjYOVQ 22 1—Sulfam.cylr?iperidin5729r
7 carboxylic acid benzyl ester
i 0=S\=O Q
i H,
!
Clw
i
OQ=5=0 Q
r\“ 1+43,4,5- Trimethoxy-
ki) =100 jehenyisulfamoyl) piperidine-28-
! ;carboxylic acid
o o]
f !
HG 0 o
h
Q-‘:l
Q. 1-Sulfamoyl-piperidine-25-
p
41 (,Nj\yr il 38 carboxylle acid 4-phenyd-butyl
G=5=0a ester
i
154
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Table 2 (cont’d)

(306)

POT/USM03T679

Compound

Number

Structure

FKBP1Z
Kiapps, yM

40

42

a3

228

NAME

1,1-Bloxe-2-(3,4.5-trimethaxy-
phenyl}-hexahydro-1-
[1.2.5]thladiazolofd, 3-a] pyridin-3-|
ane

0.288

1-{4-Morpholin-4-v
phenylsufamoyiypiperidire-25-
carboxylic: acid 4-phenyl-butyl
esfer

8.2

1-[{4-vethoxy-phenyl)-methyk
suifamoyll-piperidine-28-
carboxplic: acit) d-phenyl-butyt
ester

44

1-(Mathyl-phenyl-sulfamoy)-
piperidne-25-caroxylic acd 4-
phenyl-butyl estar

155
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Table 2 (cant'd)

(307)

POT/USM03T679

Cempaund FKBP12
Number Structure Kiapps, M NAME
p=t=0 0 I\ﬁ 1-{2-Cxo-2 3-¢hydro-1H-
] imi 15 -
45 s o084 benzo\rnrdszul 5 ylsu!famoy\)
== piperidine-2-carboxylic acid 4-
% J\ phenyl-butd esier
Lo
<}
| Q}WJV“’ )
== O i 1-¢6-Methory-henzothiazel-2-
26 a7 yisulfamoyl}-piperiding.2$-
7, carboxyiic acid 4-phenyl-botyl
i ﬁ esler
P
| P,
.
L - Pl ;
}“_ N f"\\\7 t-{Pyrrol-1 -lsulfamoy -
47 o=3=0 ] 1.8 piperidine-2S-carboxylic acid 4-
o phenyibutyl ester
N
Y
L
k\N D\/n. iy :ES(EfBgnzyl—H,3,4]oxadiazcﬂrZ—
75 )] | i l/ 107 :yl)-piperidine-1-sulfanic acid
0=S\=0 N—~N P sdimethylarmide
/N\
He' CH,

56
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Table 2 (conr’d)

(308)

POT/USM03T679

Lompeund FKBP12
o Btewcture Kiapps, NAME
. -
L o o,
P VAV % A
o=g=v o \,’ 1-{3,5-Dimethoxy-
. e == phanylsulfamaoyl}-piperidine-25-
r," 0348 | rboxylic acid 4 phenytbuty
1 esier
EA\V S
™ H,C(
2-{5-Banzyl1,3,4)oradizzol-2-
78 82 yi)-piperiding-1-suifonic acid
{3,4,5-rimelhoxy-phenyt}-amids.
25-{5-Benzyl[1,3,4]oxadiazol-2-
78 13 yl)-piperidins-1-sulfonic acid
| pheylamide
o :
W)
s - —
(2 |
g, LT | ;
u—sﬁ ¥ \/\\\ ' 14-Phenylsuifamoyl-
B9 'Nv =0 0 i ! 5.2 thiomamholina-2-carboxylic asid
i 4-phenyl-butyl ester
o
L)
157
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(309)

POT/USM03T679

‘Fable 2 (pant’d)
Compeund FKBP12
Number Structure Kiapps. I NAME
[ i
‘IN" A
o=fug ?r\) 1-(8-MEINYaXY-pytidin-3-
a W L qop Yisultemoyl)-piperidine-25-
;J\ carboxylic acid 4-phenykbutyl
IL ester
=
Q
o,
- —_
L e
o N £y 1-(Piperidio-1-ylsulfamoyl)-
50 A=§=E O i B 0.357 piperiding-28-carboxylic acid 4-
N\N pheny-butyf sster
&
P T B - -
SUS
- 0.
YT
0=5=0 N
[ 2-{5-BenzyH[1,3.4]oxadiazol-2-
77 * 58 yl-piperidine-t-sulfonic acid (4-
== methoxy-phenyl}-meihyl-amide
8
o\
(;HJ
C
.Q
o \f\/\r—“7
o5 o (7, 4-{2-0x0-2.3-dihydro-TH-
10 N 0.98 he.nzuimida;ul-s-ybuﬁamoy))- )
J\ thiomorphaline-3-carbaxylic acid
“ TL 4-phenyl-bulyl ester
T N
he
réo

JP 2004-500355 A 2004.1.8
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(310)

POT/USM03T679

Table 2 (con*d}
Compaund FKEPt2
Structure 3 NAME
Nurnber Kiapps, .M L
1-{3-Carbamoyl-pipeariding-1-
' sulfonyll-pipenidine-25-
51 q sulfenyl
o ‘carbuxyllc acid 4-pheny’-butyl
‘ester
! h 1-{3-Dimethexymetfryl-pyrazole-
53 | °=F 29 1-sulfenylj-peperiding-2-
. /"‘\N ! carboxyic acid 4-phenyl-butyl
| s ester
| \—‘\ -z,
| “a—gH,
(N G S
o=f=0 0 - 15)-1 [i4-Melhoxy-3-nitco-
54 H—ory 2% phemy}-melhyl-suffamoyl)-
P piperidine-2-carboxyllc acld 4-
s phenyl-butyl ester
SNEW
 TF
He”
Wy 4
| D:%:U 5 ‘ ,] {8)-1-[{3-Amino-d-methoxy-
55 ‘ M—CH, 131 phary)-methyi-sufamoyd)-
a/l_\_ . ipiperidine-2-carboxylic acid 4-
‘ | phenyt-butd astar
\1/ A
‘ >
&,
i
15%
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Talle 2 (vunt*d)

(311)

POT/USM03T679

Campaund FKBP1Z |
Structur
Number ucture Kiapps, uM | NAME
o~
s, e =
o_f‘:g e [5)-13H -Benzoimidazok5-
56 N 0477 yleulfameyl}-piperidine-2
1 ' |carhaxylic acld 4-phetyl-butyl
B ester
Sy N
\_N',,
’@wﬂ\/\/\(\, 2-(2,4,5-Trimethoxy-
omtmo & ..  Niatq |PrEmVisuamey)2-aza-
84 W i< 30“ " bicych(2.2.1]heptane-exo-3-
J‘Q i W carboxylic acid 4-phenyl-butyl
I Iy esler
¢ d L
C
R 2-(3,4,5-T:imethaxy-
‘\;] pharylsufamayl2-aza-
85 16 bicyclkf? 2 1]heptane-endo-3-
¢ | carboxyiic acid 4-phenyl-outyl
n,r_f } ester
i, |
]
LA .
055;: i g C] 15]-1-(3.4,5-Trimethoxy-
sa Tk 0148 phenylsufamaoyl-piperidine-2-
e<> ‘ - sarbawylic asid (4-phamyk-outyl-
N g amide
H.c' /_{
. o\oﬂ ey,

JP
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(312)

POT/USM03T679

Table 2 (cant’d)
Compeund FKBP1Z
Number Structure Kiapps, ,M NAME
OV
U_;F‘_iTﬂv \© (S}-1-{6-Chlaro-pyridin-g-
o = R: 0152 visulfamoyli-piperidine-2-
carboxylc acid d-phenyl-buty
"’jj) ester
N
o
/\‘
oy
o={=n T\»f {S]-1-{6-Morphalin-4-yi-pyridin-3-
Isuffamoyl)-piperdine-2-
94 a.26 i
';g 5 carbaxrylic acld S-phenykbutyl
i astar
f'”)
o
: {)-1-(3.4.5-Trifluoro-
. hanylsufamoyl}-piperidine-2-
a5 phanyl 'y
0435 carboxylic acid 4-phenyl-nutyl
euler
178 {S)-1-{6-Morpholin-4-yl-pyridin-3
86 = i . 7 yisuliamoy}-piperidine-2-
i ) jcarboxyiic acid benzyl ester
Bt
N
-~
S,
i o

1481
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Table 2 (cont’d)
Compound . FKEBF12
|
Mumhar I Structurg i Klapps, pM NAME
|
i, Ofial | -
o
% R
n:ef:o [#]
\N 1-{6-Methyomxy-pyridin-3-
&7 . 076 |Wsulfarmnoyl)-piperiding-28-
= carboxylic acid benzy! esler
S |
b:
o, |
[\,\ Crie -
N
u=€=0 O {S)-1-{6-Trifluoromathyl-pyridin-
o b 044 B-ylsulfameylypiperiding-2-
:"\) carboxylic acid 4-phonyl-butyl
’(I’L estar
F A F
(\ ©Clnral
0. -
e e = (S)-1-(cis-2,5-Dimethyk
a8 °=§=° G N8t morp.h_olmerd-sulfnnw)—
[ piperidina-Z-carboxylic acid
‘\ benzyl ester
N,
Hy
s ]
. i
I \.c\_{—) (8)}-1-[3,4,8-Trimethoxy-
oTge phenyisufamayf)-piperiaing-2-
102 I 0171 N y
/:> carbexyic acid Z-benzyloxy-1-
K;" f ¢ benzyloxymethyl-ethyi ester
A, e

162
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Table 2 (cant*d)

(314)

POT/USM03T679

Gampound FEP1Z |
t !
Number Structura Kiapps, ,M i NAME
- My T
ey
Y -°~_4\\f'~f‘; (5)-1-(B-Methoxy-pyridin-a-
103 oo & g aosg  |Ysuremoy)-piperdine-2-
,:} ) carboxylic acid 2-benzyloxy-1-
i\—k' benzyloymethyl-ethyl ester
{ !
',
- — o T
LQTDJ\:"- pE '(S}1-(a-Crlaro-2,5-dmetnaxy-
104 . w=f=a v | 74 \phenylsulfamoyl)-piperidina-2-
| _sﬂ_ | ' | garhoxylic acid 2-benzylocy-1-
Lo 2, penzyloxymethyl-elhyl ester
. -
C N P - e ]
| L ,.Lﬁo j’_‘L} (S}-1-tPyridin-2-ylsultarnoyl)-
; ) T pEriding-2-4 ic acid 2-
105 a=i=o & ‘(__) coas  |Piperidine-2-carboxyiic acis 2
7 benzyloxy-1-benzyloxymethyl-
ethyl ester
&2 4
o
- £ e - -
| O\t
| b i - x(“\ ! (SF1-{6-Marphalin-4-w-pyridin-3-
108 . ) £ 8118 visubiamoyl}-piperidine-2-
l 'S ‘ carhoxylic acid 2-hengyloxy-1-
j = berzylexymeliy-2thyl ester
HP
Ts |

JP 2004-500355 A 2004.1.8
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Table 2 {cont’d)

(315)

POT/USM03T679

Compaund
Numbaer

Struciure

FKBP12
Kiapps, M

NAME

7

o=f=o0 o

K
Lt

et

0.088

"(8)-1-(B-Methykpyridin-3-

yisulfamayl]-piperiding-2-
carboxylic acld 2-benzyloxy-1-
benzyloxymethyl-ethy! ester

108

D
wie R4
- j‘ ) j

P
AR
A W

0.127

[$)-1-(Marnhain-4-yl
frifluaromethyk-pyridin-3-
yisulfamoyl}-piperidine-2-
carhoxylic acid 2-kenzyloxy-1-
benzyloxymethyl-ethyl ester

114

(S11-01 1-Dimethyl-

'propylsulfamoyl)-pyrraliding-2-

earbexylic atid (3-pyridin-3-y-
propyl-amicde

87

00?3

{5)-1-(Pyridin-3-ylsulfarmayl)-
plperdine-2-carbaxylic acid 4-
phenyl-butyl ester

JP 2004-500355 A 2004.1.8



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

WO 01/40185

Table 2 (cont'd)

(316)

POT/USM03T679

Carmpound FKBP12
fruct
Nuraber Structure Kiapps, 'LM NAME
- D s Grirt I
:N "\/J:\j| )
o= F_D [5)-1-(Pyriciin-3-ylsulfamoyl)-
116 _ﬁ_ 20.4 pyrrolidine-2-carboxyllc acid
N benzy ester
N7 ;
G
. |
c;;_/nirﬂv = | {S}-1-{Pyridin-3-ylsulfamayl}-
1R M‘ 16.8 pyrrolidine-2-carboxylic acid (3-
_ phenyl-propylj-amide
i(£
| -— Chiral )
i L OH
Y
O=5=0 ¢ .4 Pyridin-3- -
116 1 NS @20 (S)-1-(Pyricin-3-ylsulfamayh
N pyrroliding-7-carboxylic ac'd
N
Chiraf T T T
%O
05/—‘5‘,\, (8)-1,1-Dioxo-2-pyridin-a-yl-
"7 o NE @20  |hexahydro-1;hia-2,6a-disza-
— pentalen.d-cne
N
Y 4

G

JP 2004-500355 A 2004.1.8
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(317)

POT/USM03T679

Tzhle 2 (cont’d)
Compound FKBP12 i
Number Structure Kiapps, ,M i NAME
(SH1-{3,4,5-Trimathoxy-
20 &2 phenylsulfamaylj-piperidine-z-
carboxylic acid melhyl ester
(8¥1-(3.4,5-Trimethoxy-
a1 iy i3 phenylsulfamayl)-piperiding-2-
j carboxylic acid {3-piperidin-1-yl-
,rg propyl}-amide
P oy,
S,
'r\NjT"\/\/wl\Ah (3;1'(Hv‘t)1rnxy'n:any2r
a9 Do Nigrzg  |sufamoy)) piperidine-2-
; D'.f:o 2 @ carboxylic acld 4-phanyl-outyl
e i S ester
S
(Ol 2
NN
bt (53-1-(3.4,5-Trimethoey-
o=t 3
a N phanylsulfamayl)-piperiding-2-
3 S 92 eyl cid (-pyridin-3-d-
,.’c'n M propyll-amide
het

166
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POT/USM03T679

Table 2 (contd)
Gompound FKBP12
Mbar Structure Kiapps, 0t NANME
- EZl I
[wj\("V"o {S)-1-(3.4,5-Trimethoxy-
st g A /‘I{:] phanylsulfamayl)-plparidine-2-
112 _<‘ 0.041 carbexylic acid [(8)-2-methyl-1-
°,.§7¢ {pyridin-3-yimethoxymethyl)-
g 1 prepyl-amide
oy P
( Chiral - .
Y ﬂ"/\"/\ﬂ/;] {8}-1-{4-Carbioxy-3-methoxy-
o =% - o218 phenylsulfamaoyl)-piperiding-2-
= ' carboxylic acid 4-phenyl-butyl
\_f ester
b,
i - H
Benzykphenethyl-carbamic acid
13 33 {S}-1-(dimethytpropylsulfamayl)-
pyrroigin-2-yimethyl ester
(8)-2-(6-Phanyl-hexanoyl-
g 1.3 piperiding-1-sulfonic acid
{34 5-twimethoxy-phenyll-amide

NI = na inhibition, WS! = no significant inhibition, NT = not tested

167
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FERP-inhibiting agents of the invention, such as the compounds exemplified
above, may be used to prepare pharmaceutics] compositions, such as hose deseribred
helow,

The pharmaceutical compositions of this invention comprise an effective
neurite-outgrowth-stimulating compound of formula (1} or {IT) and an inert,
pharmaceutically acoeptable carrier or diluent, “'he pharmacentical compositions may
additionally camprise # neuratrophic factor, These eompasitions are prepared in umit-
dosage forms appropriate for various routes of administration.

In one embodiment, efficacious levels of non-peptide rotamase-inhibiling
compounds are provided so as to provide therapeutic benefits involving repulation of
FEBP. By “cfficacious levels” of compuunds is meint levels in which the FKBP
binding of FKBP12 15, at a minimum, regulated. The compounds may be
administered ip the form of a predrug which, 1 general, 15 designed 10 enhance
absorpiion and is cleaved in vive 10 forn the active component. Efficacious levels
may also be achieved by administration of pharmaceutically active metabolitas
{producis of metabolic canversions) of the compound.

A compound of formula (I) or (11) is administercd in a suitable dosage fem
prepured by vermbining a therapeatically effective amount (j.e., an etficacious level
suffipient 10 achieve the desired therapeutic effect through FKBP regulation) of a
compound of formula {13 or {I1) (s an aclive ingredient) with standard phannaceutical
carriers or diluents according io conventional procedurss. These procedures may
involve mixing, granulating, and compressing or dissolving the ingredients as
appropriate to attain the desired preparation:

The pharmaceutical carrier employed may be in any svitable form, for

exampie, cither a solid or liguid. Exemplary solid cartiers include lactose, terra alba,

168
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s

sucrose, tale, gelatin, agar, pectin, acacia, magnesium stearate, stearic scid and the
like. Exemplary liquid cacriers include syrup, peanut oil, elive sil, water and the like.
Sirilarly, the carricr or diluent mizy include time-delay material known in the art,
such as glyceryl monostearate or «lycery] distearnte, alone or with a wax,
ethylecilulose, ydroxypropylmethyleelltlose, methylmethacrylate or the like.

A variety of pharmacoutical forms can be emplayed. For cxample, ifasolid
carrier is used, the preparation can be iableled, placed in a hard gelalin capsule in
pawder ar pellel form, or fommed inlo & troche or lezenge, The amauni, of solid carrier
may vary, but preferably will be from about 25 mg to about | g. If a liquid carrict is
used, the preparation will preferably be in the form of syrup, emulsion, saft gelatin
capsule, sterile injectable soltion of suspension in an ampoule or vial, er nonaqueaus
Tiguid suspension.

T obtain a stable water-seluble dose form, a pharmaccutically acoeptable salt
of & compound of formula (1) or (II) may be dissolved in an aqueous soluiion of an
Brganic or inorganic acid, such as 0.3 M solution of succintc acid, or more preferably,
citric acid. Ifa soluble saft form is not available, the compound of formula (T) may bo
dissolved in & suitablc co-solvent or combination of co-solvents. Lxamptes of
suitable co-solvents include aleahol, propylene glyeol, pelyethylene glyeol 300,
polysorbate 80, glycerin and the like in concentrations ranging [rom & to 60 % of the
tota] volume. In 3 preferred embodimeat, the active compound of farmula (I} or (10}
is dissotved in DMSO and diluted with water. The cormposition may also be in the
o of a solution of 2 salt fonu of the active ingredient in an appropriate agueous
vehicle, such as water or isotonic saline or dextrose selution.

It will be appreciated that the sctual preferred dosages of the compounds of

formula (1) or (11} used in the compesitions of this invention may vary according to
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the particular complex being nsed, the pariicular composilion formulated, the made of
administration and the particular site, and 1he host and Jisease heing treated. Optimal
dosages for a given set ol conditions can he ascertained by those skilled in the an
using conventional dosape-determication tesis, e.g., in vicw of lhe experimenial data
provided herein, For oral adiminietration, the sual daily dose generally employed is
from about .01 to about 1000 mpfke of body weight, with courses of treatment
repeated at appropriztc intervals. Initial pharmpacokinetics for humans may be
delerrnined from the rai model as described by Geld et al., Experimental Newrology,
147:26%-278 (1997).

The pharnsaceutical exmpositions containing active compounds of the present
invention may be manufactured in a mannor that is generally known, e.2., by means of
conventional inixing, dissolving, granulating, dragee-niaking, levigating, emulsifying,
encapsulating, enitapping, or lyophilizing processes. Pharmaceutical compositions
mity be formulated in a conventional manner using one or more physiologically
accoptable carriers comprising excipients and‘or auxiliarics which facilitate
processing of the active compounds inlo preparations that can be used
pharmaceulically. Of course, the appropriate formulation is dependent upon the route
of administration chosen.

For oral administration, the compeunds can be farmulated readily by
combining the active compounds with phammaceurically acceptabie carriers known in
the arl. Such carriers allow the compounds of the invention to be formulated as
tablets, pills, dragess, capsules, ltquids, gels, symups, slurtics, suspensions and the like,
for oral ingestion by a patient to be treated. Pharmaccutical proparations for oral use
can be obtained by combining an ective compound with 4 solid excipient, optionally

grinding the resulting mixture, and processing the mixture of granules, afler adding
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suilable auxiliaries, if desired, to abtain tablets or dragee cares. Suitahle exvipiems
includs, c.g.. fillers such as sugars, including Jactase, susrose, mannito), or sorhitol;
and celtulose preparations such as maize starch, wheat starch, rice starch, potato
starch, gelatin, guin ragacanth, methyl cellalose, hydroxypropylmethyl-cellulose,
sadism carboxymethyloellulose, andfor polyvioylpyrrolidone (PVP). 1f desired,
di#imegral'mg apents may be added, such as crass-linked polyvinylpymrolidone, agar,
ot alginic acid or a salt thereof such as sodium alginate.

Dragee cores ere provided with suitable coatmgs. For this purpose,
concenlraied sugar salutions may be used, which may ophisnally contain gum arabic,
polyvinylpymelidone, Carbopol pel, pelyethylene glycal, and/or titanium dioxide,
lacquer solutions, and suttable organic solvents or salvent mixtures. [Jyesiufls or
pigments may he added to the tableis o1 dragee costings for identification or to
characterize different combirations af active compoand doses.

Phanneceutical preparation forms that can be used eraily include pust-fit
capsules made of gelatin, as well as sofl, sealed capsules made of gelatinand a
plasticizer, such as glyceral or sorbitel. The push-fit egpgules can contain the active
ingredients in admixture witk filler such as lactose, binders such as starches, and/or
lubricants such as falc or magnesivn stearate, and, oplicnally, stabitizers, o soft
capsules, the active compounds may be dissolved or suspended in sujlable Tiquids,
such as fatty oils, liguid paraffin, or {iguid polyethylene glycols. In addition,
stabilizers may he adibed. All fonmulations for erel sdministration shoukd be in
dosages suilable for such administration. For buccal administration, the compositions
may take the form of tahlets or lezenges formulated in 2 conventionaf manner.

An example for preparing an oral pharmaceutical composition of this

invention is as follows: 100 mg of a compound of formula (I) or {11} is mixed with
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750 mg of lactose, and the mixture 15 incorporated into an oral unit-dosage form, such
az a hard gelatin capsule, which is suitable for oral administration.

For administration by inhalation, the compounds sccording 10 the present
invention arg conveuiently delivered in the foom of an aerosol spray presemtation from
pressurized packs or & nebuliser, with the use of a suitable propellaat, ez,
dichloredifluaromethane, trichlorofluoromethane, dichlorotetrafluoreethane, carbon
dioxide or other suitable gas. In the case of a pressurized gerosol, the dosage unit nay
be determined by providing a valve to deliver a mnetered amount. Capsules and
curtridges of, for example, gelatin for nge in an inhaler or insuiflator may be
formulated sontaining & powder mix of the compound and 4 suitable powder base
such as lactose or starch.

The compounds may be formulated for parenteral administration by injection,
e.g., by balus injection or continuous infasion. Formulations for infection may be
presented in unit-dosage form, €.g., in ampoules or in mulii-dose containers, with an
addec| preservative. The compaositions may take such forms as suspensions, solufions
or emwlsions in eily or aqueous vehicles, and may contain formujatory agents such as
suspending, stubilizing and/or dispersing agemts.

For injection, the agents of the inveniion may be fonmuolated in aquesus
solutions, preferably in physiologically compatible buffers such as Hanks’s selution,
Ringer’s solution, or physialogical saline buffer. Por trangmucosal administration,
penetyants appropriate Lo the barrier to be permeated are used in the formulation and
mity he selected form those known in the art,

Fharmaceutical formuiarions for parcoteral administration include aqucous
solutions of the active conpounds in watcrsoluble form. Additionally, suspensions

of'the active compoundds may be prepared as appropriate oily injection snapensions.
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Suitable lipaphilic selvents or vehicles for proparing such formulations inelude fatty
0ils such as scsame oil, or synthetic fatty acid esters such as ethyl oleatc or
tnglycerides, or liposontes.  Aqueons injection suspensions may contain substances
that increase the viscosity of the suspension, such as sodium carbaxymethylesllulose,
gorbitol, or dextran. Optionally, the suspension may also contain suitable stabilizers
or agents which increase the solubility of the compeunds to aliow for the preparation
of highly concentrated seolutions.

A parenteral pharmacentical composition of this invention suitable for
administration by injection may be prepared ag follows. 100 mg of a compound of
formule (1) or (I1) is mixed with 16G ol of a lipophilic solvent such us a fatly oil, and
the mixture is incorperated into 4 urit-dosage form suitable for administration by
injection as an emulsion.

Alternatively, the active ingredient may be in powder form for constitution
with a suitabls vehicle, ¢.g., stenle pyrogen-free waler, before use. The compounds
may also be formulated in rectal compositions such as suppositories or retention
enemas, .6, containing conventional suppository bascs such as cocoa batter or other
glycerides.

In addition to the formmlations deseribed previously, the compounds may alsa
be formulated as 3 depoi preparation. Such long-activg fermulations may be
administered by implaniation (for example, subcutaneousty or jnwamuscolarly) or by
intramuscular injection. For example, the compounds may be formulated with
suitable polymeric or hydrophebic materials (for exarmple. as an entulsion in an
acceplable oll) or ion-exchange resins, or as sparingly soluble derivatives, for

cxampie, as a sparingly soluble salt,
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A suitabie pharmaceutical camier for the hydrophobic compannds of the
tnvention s & co-selvant System comprising benzyl alcohol, a nonpolar surfactant, a
water-miscible arganic polymey, and an agueous phase. The co-salvent system may
be the VPD co-solvent system (VL is 2 solution of 3% w/v benzyl alcohol, 8% wiv
of the nonpolar surfactont polysorbate B, and 65% w/v palycthylene glysol 300,
made up to volume in absolute sthanol). The YPD co-solvent system (VPD:5W)
cansists of VPD diluted 1:1 with a 5% dextrase twater solution. This co-golvent
system dlissalves hydrophabic catmpounds well, and ilsell produces low toxicity upon
systemic administration. Naturally, the proportions of a co-sclvent system may be
varied considerably withoul destreying its solubility and toxicity charactenstics.
Furthermore, the identity of the co-solvent components may be varied: for example,
other Jow-texicity nonpolar surfaclants may be used instead of polysarbate 80; the
fraction size of polyethylene glvcol may be varied; other biocompatible palymers may
replace palyethylene glyeol, 8. polyvinylpyrrolidone; and other sugars or
polysacchatides way be substituted for dextrose.

Alternatively, other defivery systems for hydrophobic pharmaceutical
compaunids may be employed. Liposomes and emulsions ave well known examples
of delivery vehicles or canters for hiydrophobic dmgs. Cerrain arganic solvents such
as dimethylsultfoxide also may be employed, although usuzlly at the cost of greater
toxicity. Additionally. the compuounds may bz delivered using a sustained-release
system, such as semipermeable matrices of solid hydrophabic pelymers conlaining
the therapeutic agents. Vadous suslained-release materials have been established and
are kriown by those skilled in the art. Sustained-release capsules may, depending oi

thair chemical nature, refoase the compounds for a pertod of a lew weeks up lo over
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L% days. Depending on the chemical nature and the biological stability of the
therapeutic reagent, additional siralegies for protein siabilization may be employesd.

The pharmaceutical compositions zlso may comprise stitable solud- or gel-
phase carricrs or excipiems. Examples of such carrisrs or excipients include calcium
carbongle, calewum phasphate, vatious sugars, starches, ceflulose derivatives, gelatin,
and polymers such as polyethylene glycols.

Numerous neuramophic factors have been identified in the art and any of those
factors may be utilized in the compositions of this invention. As used herein, the term
“nearotrophic factor™ refors 1o substances Lhat are capable of stimulaling growth or
proliferation of nervous tissue (but excluding the FKBProtamase inhibiting
campounds of the invention), e.g., nerve growth fagtor (NGF), insulin growth factor
{IGF-1) and its active truncated derivarives {glGF-1), acidic and basic broblasi
growth factor (aFGF and bFCT, respectively), platelet-derived growth factors
(PDGF), brain-derive) growth factors {BDNF), ciliary neuretrophic faciors (CNTF),
glial ccll line derived neurotrophic factor {GDINE), neurotroplnn-3 {NT-3), and
neurotrophin 4/3 (NT- 4/3). Phairaceulicul compasitions may include us active
ingredients, in addition to one or more agems of the invention, ong or mere ol such
neuratrophic factors. The most preferred neurotrophic factor for ase in the
compositions of this invention is NGF.

Other components of the pharmaceutically aceeptable compositions of this
invention mey include beuzyl alechol or eher suitable prescrvatives, absorption
prameters to enhance bieavailability, (luorocarbons, and/or vther conventional
solubilizing or dispersing agents.

A phammaceutical compoasition contains a total amownt of the active

ingredicntis) sulfictent 10 achieve the inended therapeutic effecl. More specifically,
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the pharmaccutical composition contains a therapevtically effective amount (i.e., an
amount cfleclive to prevent development of or to alleviate the existing symploms of a
disease or eondition mediated by FKBP) af an FKBP-inhibiting agent of the
invention. The total amounis of the FKPB-inhibitory agent of the invention and any
optional newsiraphic factor that may be combined with the carrier materials to
produce a single-dosage form will vary depending upon the host treated and the
particular mode of administration. Preferably, the compositions of the invenlion sach
contains both an FKEP-inhibiting agent and & newrotrophic factor, with the FKBP-
inhibiting agent acting 1o potentiate the activity of the neurolrophic factor to enhance
stimulation of neurile putgrawth. The amount of neurctrophic Factor in such
compositions is advantageously less than the amount required in a monotherapy
utilizing only the factor. Preferably, the compasitions are formulated so that o dosage
of berween 0.01 to L00 mgfcg body weight/day of a FKBP12-inhibiting agent is
administered and # dosage of between 0.01 to 180 pg/kg body weight'day of a
neurotrophic tactor is administercd to a paticut receiving lhe compositions.

A pharmacentical composition of the invention may be used in a methad af
inhibiting the rotamase enzyme activity of an FK- 504 binding protein, comprising
administering the compasition to a patient. The inventive compositions may alsa be
used to stimulate the growth of neurites in nerve cells, to stimuiate nerve regeneration,
or to pramate neurenal regeneration. Preferably, the composition further comprises a
neurotrophic factor.

Whilz the invention has heen illustrated by reference to specific and preferred
embodiments, thase skilled in the art will recognize, e.g., through routine

experimentation and practice of the invention, that variations and modifications may
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be made. Thus, the invention 15 mtended not ta be limited by the foregoing

description, but to e defined by the appended claims and theit equivalents.
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WIAT 5 CLATMED IS:
1. A compound of fermutia:
A 0
N b—se
o=|s=o
i
D

or & phatimacentically zeceptable salt, solvate, pharmaceulically acceplable prodrug or
phurmacentically active metabolite thereol, wherein:

A is C3-Cs alkylene optionally substitited with ons or more
suitable substituents and aptionally any one of the CHy groups of the alkylene group
may be replaced by O, 5, 50 er 50s;

Bis

E
Fﬁﬁi“s

whare E and G are independently Ar, H, C,-C; straight or
branched alkyl. Ci-Cy straighl or branched alkenyl, Ci-Cs straight or hranched alkyl or
alkenyl thet is subshituted wilk a Cs-C5 cycloalkyl, C;-C; straighl or ranched alkyl or
alkenyi that is subatitted with a Cs-C- cyclnalkenyl, ar Ar substituted with C,-Cy
straight ar branched alkyl or alkenyl, whercin, in cach case, one of two of the Cl1;

groups of the alkyl or alkenyl shains may be repfaced by 1-2 moicties seleeted from
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}{I/\K
the group consisting of oxygen, snlfur, 30, 80,, and ’ ;
where J is H, C;-Cy straight or branched alkyl, or £-Cj; straight or branched atkenyl;
and
K. 15 Ar or substituted 5-7 membered cyclaallcyl with substituents at positions 3 and 4
which are independently selacted from the group consisting of H, QH, -G-({CHp )
alkyl, -O-(CHa)n-alkenyl and carbonyl, wherein mis 1-4;
where Ar is selected from the group consisting of unsubstituted and substituted
phenyl, T-napthy!, 2-naphihyl, 2-furyl, 3-luryl, 2-thicoyl, 3-thienyl, 2-pyndy), 3-
pyridyl, 4-pyridyl, and monocyclic and bicyelic heteracyelic ting sysierns with each
ring having 5 or G Ting atonis optionally, including -4 heteroatoms independent]y
seleeted from Q, N and §; wheretn whet substituled, the substitutents are from one to
three substituents independently selected from the group consisting of hydrogen, hale,
hydroxyl, nitro, rritluoromethyl, trifluoromethoxy, Cy-Cs straight or branched alkyl,
C7-Cy straight or branched allcenyl, O-(Ci-Cs straight or hranched alicyl), 0-(Ca-Cy
struight or branched alkenyl), C-benzyl. O-phenyl, 1,2-methylenedioxy, amino,
carboxyl and phenyl; and
n is an integer fom @ 1o 4;

1 15 C)-Cs straight or branched alkyl, Ci-Cs straight or branched
alkenyl, Cs-Cy eycloalkyl, Cs-Cr eycloalkeny) subsiituled with C;-Cy straight or
branched alkyl or C,-Cy siraight or branched alkenyl, [(Tz-Cs)-alkyl or {C-Cy)-
alkenyl)-Ar, or Ar; and

X is NR'® o1 O, where R' is H, G0y alkyl, or C)-C4 alkenyl,

179

JP 2004-500355 A 2004.1.8



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(331)

WO 01/40185 PUTIUSIAFT6TS
2 A componngd, planuaceuiically acceprable salt or solvate as defined in
claim 1.
3. A compound, pharmaceutically acceptable salt or solvate us claimed in

5 clam 1, where:
A s selected from an unbranched C3-Cs alkylene zroup whersin any
one of the CH, groups of the aikylene group is optionally substituted by $;

Bis

Eﬂﬁi\n

wherein B is selected trom H, benzyl, 3-pyridyl, 2-phenylethy!
and 3-phenylpropyl; G is selecled from pheny), 3-pyridyl, 3-phenylpropyl, 3-
phenoxyphenyl and 4-phenosyphenyl; and n is 0-4;
D is selected from phenyl, d-methylphenyl, 4-methoxyphenyl, 2-

15 thienyl, 2,4,5-wiisopropylphenyl. 4-fluorephenyl, 3-methoxyphenyl,
Z-methoxyphenyl, 3,5-dimethax yphenyl, 3,4,3-rimethozyphenyl, methyi, L-naphtbiyd,
&-quinolyl, 1-(5-N N-dimethytamino)-naphityl, 4-iodophenyl, 2,4,6-trimerhylphenyl,
Pbenzyl, 4-nitrophenyl, 2-nitrophenyl, 4-chlorophenyl, 1.1-dimethylpropyl and
E-styrenyl,

20 X5 selected from NH and Q.

4. A compuouatd according to claim 1 selected from the group consisting

ol
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or a pharmaceutically acceptable salt or solvate thereof.
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5 A compound of formula:

aud a phannacentically accepiable sall, prodmag, solvate, or pharmaceutically active
5 metabolile thereof, wherein:
1" is hydrogen, or substituted or unsubstiiuted alkyl;
K? is substituted or unsubstituted alkyl; or
I' and K taken togeiher with the adjacenl nitrogen atom forn a heterocycle
ring which may centn another heleroatoot;
T T
] M 35 selected from the group consising of -ORy, _N_R1, and _N_NRWRN,
wherein:
R is bydrogen, subsiituted or unsubstituted alkyl, alkenyl, aryl,
cycloslkyl, heternaryl, heterocyeloalkyl, or cycloalkenyl, or C(R' '](R“)ﬁl’:‘}‘ wherein
R*' und R'* euch independently is substiuted or unsubstinted alkyl, ar K" and R
)5 together with the atom o which they are bound form a cycloalkyl, and R is H, OH,
substituted ot unsubstinated alkyl. aryl, heteroary), heterocycloalkyl, or (CHa)a-O-W',
wherenis @, 1,2, 0r3, w!is R or C(O)R" and R js substituted and unsubstituted
allyl,
R’ 15 selected from the group consisting of hydrogen, substituted and

20 unsobstiioted alkyl, hvdroxyl, and wrming; or

182

JP 2004-500355 A 2004.1.8



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(334)

WO 01/40185 PUTIUSIAFT6TS
Ry and R’ raken tagether with (he adjacent nitrogen alom form 2
substimuted o7 unsubstituted heterocyele;
R is hydrogen or substituted or unsubstituted alkyl; or
R;jand R" taken tegether with the adjacent nitrogen atom form a
5 substituted or unsvbstituted heterocysle:

i
VIt S
B Ry fa] Re
Lis X or Ry

wherein X is selected from O, S and N;

Y is sclected from O, NH, S, a ditect bond, and NRy, wherein Ry s
substituted or unsubstituted alkyl: or
10 X" and ¥ taken together with the adjacent carbon atom form a
hetsracycles ring, or
the L’NSO.M moiety of formulz (L) forms a 5-membered-cyclic sulfamide
ring,

B is hydrogen or

.

where nis an iteger from 0 1o 4;

I’ and G are independenily H, substituted or unsubstinted
alkeyl, aryl, heteroaryl, heterocveloalicyl, alkenyl, eyelorlkyl, or cycloalkenyl, wherein,
in cach case, one or two of the CH; groups of the alicy] or alkeny] chains may be

20 replaced by 1-2 moictics seleeted from the group consisting of oxygen, sulfur, SO and

503, 01
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a H
where Q° is H, or substituted or unsubstiiuted alkyl or alkenyl; and
Q is substituted or unsubstiuted cycloalkyl, heterasyeloalky, aryl, or heteroaryl;
R, and Ry are independently hydrogen, substituted or unsubstituted alkyl or
5 cycloalkyl;
Z 18 O, NH, CH; or NR, whersin R, is substituted or unsubstituted alkyl; and
R and R are independently hydrogen ,

&

P

whercin E°, (5°, (", €, and n are as defined above.

i}
6. A compound, pharmaceutically acccptabtc sall or solvaie 45 defined in
claim 5.
7 A compound, pharmaceutically acceptable salt or solvate according (o
15 claint 3, where
17 and K’ form a helerocycle ring;
Mis NR'R); and
—C—N—B  —C—O—F
Lis @ or O
0 8 A compeund according to claimn $ selected from the group consisting
of:
184
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5 urapharmacentically acceptable salt or solvate thereot.

'3 A pharmaceutical composition for treating a neurological disorder in a
patiemt comprising a therapeutically sffective amount of a compound, salt, solvate,
prodrug, or metabohts as clamed in clam 1 and a pharmaceuiically acceptable

10 carmier.

10. A pharmaccutical compasition according to claim 2, forther

comprising a neurotrophic factor.
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11. A method of treating a neurelogieal disorder in a patient, comprising:
administering to the patient a therapeulically effective amount of a compound, a
pharmazcentically accepable sall, a solvate, a prodrug, or a pharmaceutically aclive

metabaolite thereof as claimed i claim 1.

12 A method according to claim 11, wherein the disorder is hair Joss,

memory impairment, or vision disorder,

13. A method aecording 1o claim 11, wherein the nenrological disorder is
selected rom the group consisting of neuralgias, muscular dystrophy, betl's patsy,
myaslhoniz gravis, Parkinson's discasc, Alzheimer’s discase, multiple sclerasis, ALS,
slroke and ischemia associated with stroke, neural parapathy, other noural
degenerative discases, motor neuron diseases, and nerve mjudes inclading spinal cord
injuries.

14. A pharmaceutical cornposition for reating a neurological disorder in a
patient conprising a therapeutically effective amount of a compound, salt, solvate,
lprodrug, or metaholite 25 claimed in claim 5 and a pharmaceutically aceeptable

Gurrier.

15, A pharmaceutical composition according to claim 14, further

comprismg a aeurotrophic factor.

16.  Amethod of treating a neuralogical disonder in & patient, comprising:
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0

admimstering o the patient a therapeutically clfective amount of a campound, a
pharmaceutically acceptable salt, 2 selvate, a prodrug, or @ pharmaceutically sctive

meiabolile thereof as claimed in claim 5.

17, A method zecording to claim 16, wherein the disorder is hair loss,

memory imparmenl, or vision disorder.

18, A method according to claim 16, wherein the neurological disorder is
selected from the group consisting o neuralgias, muscular dystrophy, bell’s palsy,
rayasthenia gravis, Parkinson’s disease, Alzheimer's disease, multiple scletosis, ALS,
stroke and ischemia associzted with stroke, neural parapathy, other neurat
degenerative diseases, mulor neuron diseases, and nerve imunes meluding spinal cord

injuries.

15 A compound selected from the group consisting of:

')\/’ and

or a pharmaccutically acceptahle salt, salvate, prodrug, or phayrmaceutically aclive

metabolite thereof.
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