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FI ELD OF THE | NVENTI ON 5 The present invention relates to nel anocortin (M)
receptor Iy at have a ly restricte i 2/edsggrent ,

whi ch proJrgggﬂ?%%ﬁenhanced actlmmﬂmmmmmﬁmmmllgands prefgrgwﬁglgihlblt
selectivity for the M3 and/or MC-4"f%€eptors relative to the other

nmel anocortin receptors (in particular the MC-1 receptor) and are suitable
for use in pharmaceutical conpositions and in treatnent nethods. 10
BACKGROUND OF THE | NVENTI ON Mel anocortin peptides (nelanocortins) are
natural peptide hornones in animals and man that bind to and stinulate MC
receptors. Exanpl es of nel MELANOCORTIDSAREGENEDPR LiAMND®Ccyte stinul ating

hor mone), (3-MSH, y-MsH, ACTH (adrenocorticotropic hornmone) and their
peptide 15 fragnments. MSH is mainly known for its ability to regul ate

peri pheral pignmentation, where&s ; INMENBAIONS | nduce

steroi dgneogeneg) resI{lgngﬁkoﬂ@é]iﬁ&%h@l%h% hl@!:eéfbr [Ediah nienunber  of

ot her : physi ol ogi c ey are reporte ect notivation,

| ear ni ng, sanfasmytionatiseresivieted ringielemertnirieh mﬁwd%écaynhae%é?ﬂat%r@esedwws

per cept i ony. Rl @R RkLR S1ethfity BPBE MO Pdnior M@Sﬂ&e@fors rEIOM to thabthérUr esi s, brain
bl ood rovxP nerve growt h and repair, placental vel opnent , - al dosterone 20

synt hesi s a:nkqnqceweagceptowﬁwwaﬁr#@@é%ééece@ﬁéﬂmeoﬁ]@& P’s“s‘_"ﬁ’varl an wei ght,

prol actin gRgmicelicabREp6siticANandii @éatrhedt BbtheHi Ng i n wonmen, sebum and
pheronone secretion, sexual activity, penile erection, blood glucose
| evel s,1% ntrauterine fetal grow h, food notivated behaV| or, as well as

other events related to paMWand MC-3 receptors have
been l Ocal ! ZEd the&ﬁ%/ ngs m Fu%ortﬁxs)ra?equ)%ﬁalglpudgl’?oetrolgh%s Bra@irrﬂlsgﬁé fnﬁ‘lved to

be involved in ion o ds show ng
sel ecti vi t yhat 6ifid folagd Mﬁatﬁdté\MC&eGEpmm pEmmpleh af/melmeormshwmlvtsu (soelpmacyte ood

|ntakefdllovv|ng |ntr eral t]
rodents. SEERYpLngheygpne g@"fﬁmsf/ wg@éﬁ‘#égi{emg?{% 0?1 ?‘T“aﬂ‘f&e‘wft ek i Whl l e
ant agon{sst $rafiaens. DESHisiuMkioon ifardts elilitg td reguditenpripHeined pigmemativh, wlhsas

ACTH is known to induce steroidoneogenesis. The melanocortin peptides also mediate a number

of other physiological effects. They are reported to affect motivation, learning, memory,
behavior, inflammation, body temperature, pain perception, blood pressure, heart rate, vascular
tone, natriuresis, brain blood flow, nerve growth and repair, placental development, aldosterone

20 synthesis and release, thyroxin release, spermatogenesis, ovarian weight, prolactin and FSH
secretion, uterine bleeding in women, sebum and pheromone secretion, sexual activity, penile
erection, blood glucose levels, intrauterine fetal growth, food motivated behavior, as well as other
events related to parturition.

Both the MC-4 and MC-3 receptors have been localized to the hypothalamus, a region of

95 the brain believed to be involved in the modulation of feeding behavior. Compounds showing
selectivity for the MC-3/MC-4 receptors have been shown to alter food intake following
intracerebroventricular and peripheral injection in rodents. Specifically, agonists have been
shown to reduce feeding, while antagonists have been shown to increase feeding. The role of the
MC-4 and MC-3 recei)tors have been defined in the control of body weight regulation in

30 mammals. It is believed that the MC-3 receptor influences feeding efficiency and the partitioning
of fuel stores into fat, whereas the MC-4 receptor reguiates food intake and possibly enery
expenditure. Thus, these receptor subtypes appear to reduce body weight through distinct and
complementary pathways. Therefore compounds that stimulate both the MC-3 and MC4
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MC-4 and MC-3 receptors have been defined in the control of body wei ght
regulation in 30 mammals. It is believed that the MC-3 receptor influences
feedi ng ef{ioGheeeys and the partitioning of fuel stores ipdgudodfssspvhereas
the MC-4 receptor regulates food intake and possibly enery expenditure.
Thus, these receptor subtypes appear to reduce body wei ght through distinct
and conpl enentary pat hways. Therefore conpounds that stinulate both the
MC-3 and MC-4 WD 02/ 085925 PCT/ US02/ 13340 receptors may have a greater

wei ght | oss effect than those that are ive f
MC- 4 1 eceBEasPors BBy havRed gaater HF@BM&? q}a(fﬁ{‘ H’é%f t“'e’af?fc?eié?h?%@%%o&ac hexi a
are w del ycdeagpbzed as significant public healt h i ssues and there is a

need for conpowgggwégnd?sgadﬁgv% t‘!’be%’é ﬂg&ﬂaﬁ:ﬁe‘iﬂﬁn \:Vi@lf%tr:] e l{seat t hese

di sorders. The 1 SCO ass o
sur pri si ngigpiffeant pubilicgykalthfifsies avdtheré s n@&déOWﬂO@ddﬂdmhmemaB r ecept or

subt ype ctive for these MC receptors relative
to the (§)t heHSOSILP)%;ﬁ%ﬁtcﬁtpérag%%sé%{%%&lsrﬁ t%/pes particul arly the MC.1 - subtype.:

10 SUMMVARY OF THHE ApplicEny hawmdirenverpd ecless of qompeynds tat srl@nanaéxhatvehlah affigigy of
conpounds & hat ﬂlndy Conglfcmcgﬂ%é?s&b R AR that We tfpidaB§ SRlc@FeSordhdle HPI i SE A

5-8 atomri ng mationally restricts ' the orientation of the
t hree pendmtoumletsve tqﬁQO@ﬁrﬁféﬁﬂP@WﬂeP%ub%WCMkﬁ?m $uB¥Pude al |
enantionmeric and diasterioneric 15 fornms and pharmaceutically acceptabl e

salts thereof, said conmpounds_hayvi he f 1‘5'Nz wherein Ais a
conf or it i onal ly restricted @MQ&H Feetet™ X rom t he group consi sting
of : a) non- aronnfelpfeséh@.fnbéﬂﬁyﬁi‘ela&s rdaruyss ofcaﬁpdnmdahammgmdemmymd{oz rings;
C) non-ar t C het er r el
wherei n s F??B @Bﬁﬁ%%’é%aé?g%{ngm ('q.‘a{:t(8 %@r}sﬁﬁo&ﬁ# 'g&xmegﬁentt unléft havi ng
t he forr‘rultaeth%pendantumts

The compounds of the present invention mclude all enantiomeric and diasteriomeric

15 forms and pharmaceutically acceptable salts thereof, said compounds having the formula:

A

wherein A is a conformationally restricted ring system selected from the group consisting of:

a) non-aromatic carbocyclic rings;
20 b) aromatic carbocyclic rings;

c) non-aromatic heterocyclic rings;

d) aromatic heterocyclic rings;

wherein said rings comprises from 5 to 8 atoms;
W is a pendant unit having the formula:

25
1

e

wherein R is selected from the group consisting of:
a) non-aromatic carbocyclic rings;
b) aromatic carbocyclic rings;
. i . 2 . . - : "



wherein Ris selected fromthe group consisting of. a) non-aromatic
carbocyclic rings; b) aromatic carbocyclic rings; 2 W 02/085925 PCT/ US02
/13340 c) w@omeen®ti c heterocyclic rings; d) aromatic hggEpsRysisbC rings;
said rings conprising from3 to 12 atons; J is selected fromthe group
consisting of: 51i) -[C(R")d]k-; wherein each R' is independently hydrogen,

Cl-Cl2 linear or branched alkyl, -SUB, two R'" units can be taken toget her
with an oxygen atomto forma carbonyl unit, two R'" units fromany J units
or an R' unit apd an R %ﬁ%& etLrE) ;g .unit can be taken together to forma
carbocyclic or feterocycll Puse g bi cycl o ring, or spiroannul ated

ring conprisi ngd)‘ronaranatmhm@pmhsnngshe index 10 d has the value of 1 or 2;
the index E?lg%stc vz lﬁ%m%ftolzﬁglgg ii) -k-; iii) -NR-; wherein R is

hydr ogen, | T near “or branc al kyl, or a SUB unit; iiv) -0-; v) -S;
15 vi) -P(O)- of isseamylfrom thegroyp qomeistisg % ures thereof. L is a suitable

l'inking gini t; BjCONPRCEERHLE whEdetn es&.IReqst1e&p£rrd9mythl9&oggnogpcgm &ting of. a)
hydrogen; 20 b) substi. tcgt eaglal?r @ﬁ’é gy,l tuted arommati car %/}’ clic rings; t©)
substituted or unsub®erpeh Al laPURrP R Pt G, ftker (oeptheJath an Atyeenptomio, iy es
the(rjeo:, Y |ts \c';\thEEdﬁafrhaUﬁbdnybﬁﬂitpﬂWoSl"mgi_ts&Eoni_ﬁ&Sﬁlm&nﬁaﬂﬂRTﬁﬁmaﬁﬂﬂk ufiti s a t
pendant unit, ic r ic, ring or. non-ar i ng noiety.
25 The present inven&?‘gg “ﬂ&f’?‘f‘aﬁ"‘%g Fegléerfocfmggaa?aﬁb&%c Pc etemcﬁcﬁfb ‘?l ons

conprising the ring, bicyclo ring, or spiroannulated ring comprising from 3 to 7 atoms; the index
10 d has the value of 1 or 2; the index k has the value of 1 or 2;
i) - II‘I‘;
iii) -NR'-; wherein R’ is hydrogen, C,-Cs linear or branched alkyl, or a SUB unit;
, v i) -0 . ’ |
v) -8~ ‘
15 vi) -P(0)- or -P(O),-;
vii)  and mixtures thereof.
L is a suitable linking unit;
B comprises a unit selected from the group consisting of:
a) hydrogen;
20 b) substituted or unsubstituted aromatic carbocyclic rings;
c) substituted or unsubstituted aromatic heterocyclic rings; and

d) mixtures thereof;
Y is a pendant unit comprising at least one heteroatom,
Z is a pendant unit, which comprises an aromatic ring or non-aromatic ring moiety.

25 The present invention further relates to pharmaceutical compositions comprising the
herein described MC3 and/or MC4 receptor ligands, said ligands having a high affinity and
selectivity for the MC3 and/or MC4 receptor subtypes over the MC1 receptor subtype.

These and other objects, features, and advantages will become apparent to those of
ordinary skill in the art from a reading of the following detailed description and the appended

30 claims. All percentages, ratios and proportions herein are by weight, unless otherwise specified.

All temperatures are in degrees Celsius (° C) unless otherwise specified. All documents cited are

in relevant part, incorporated herein-by reference.
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herei n descri bed MC3 and/or M4 receptor ligands, said |igands having a
high affinity and selectivity for the MC3 and/or MC4 receptor subtypes
over the Mskoheespisor subtype. These and ot her objects, fegatrrsesizzand
advant ages w || beconme apparent to those of ordinary skill in the art from
a reading of the follow ng detail ed description and the appended 30

clains. All'percentages, ratios and proportions herein are by weight,

unl ess ot herw se specified AII tenperatures are in degrees Celsius (0 C

unl ess otherw s peci fi ed part,
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sel ectiVvigt yy, seﬁbtﬁﬂlf&%mlﬁa%cﬁlf £8 $U3 reRYRI AR Mihisni Alg RS IRehcd a ingands t hat
are sel ective receptor, :or .5 that are selective for both the
M4 and MC3MG MpRdnd MGSITeeri9thi mi zi ng the interaction at the M, MZ2, and

MZ5 receptors. | piageliaRRsily dagdoﬁarmhat cElif G ERNARRIBhedtiting g itioralohpnal | y

restricting the rotation alon eptide |i ecept or

| i gands havkei?(g’el’tﬁiéPé%%ﬁf°§‘@qsé‘%?ﬂt?fll’tg§"%&§ﬁ |“?F6°laﬁ’6 sgi?fg‘ymfﬂa%f"ﬁ’é‘gpi(@ég nt

i nvention i sneblg,eendins@eme ‘ithe'ﬂﬁaivery ket me)étfnﬁrnﬁmtohﬂlyabshjcteﬂesﬁdmretmdomprrselﬁ[ ure
can conprise 1 fructural iso Lns | r.alla,

5- menber O i SHPSMEA) HORersraR gl ém%{‘z""méf’ a,géneéql? %29 hig:}‘éb,eh\%ﬁgc% si mply
restrict theell afchermioal bodds,twhirhmimpiyerkstynt peiretation jofithe noﬂnalmygﬂ@ linbt wi shing to
belirritedbyth [ on s
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fixed, the resul appended noi et nto | at e_bet ween
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The appendi Si6gm fulkSi ﬁéﬁea AdidpGmid SrifdidiEfréth heher ei n
descri bed a%ﬂé\?&&&gﬂ SI%%%E@%I g@da]nl tslo F)Isei)reldant uni ts" g or, Uﬁl ts
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the desired® brol"ogi ca
20 units) may play one or more other roles in eliciting the desired physiological and biological

response. The scope of the present invention is not limited by this need to differentiate the
appendages for the sake of clearly defining the metes and bound of each group, unit, or moiety.
As it relates to the term “amino acid”, those of ordinary skill in the art will recognize this
term to mean the naturally occurring constituent elements of peptides, enzymes, and the like, as
25  well as non-naturally occurring variants. The following is a non-limiﬁng list of common amino
acids together with their abbreviation and single letter codes: alanine (Ala, A); arginine (Arg; R);
asparagines (Asp; N); aspartic acid (Asp, D); cysteine (Cys, C); glutamic acid (Glu, Q); glutamine
(Gln, B); glycine (Gly, G); histidine (His, H); isoleucine(Ile, I); leucine (Leu, L); lysine (Lys, K);
methionin (Met, M); phenylalanine (Phe, F); proline (Pro, P); serine (Ser, S); threonine (Thr, T),
30 tryptophan (Trp, W); tyrosine (Tyr, Y); valine (Val, V). Other non-naturally occurring amino
‘ ‘acids includes p-Benzoyl-phenylalanine (Bpa); B-(1-Naphthyl)-alanine (1-Nal); B-(Z-naphthy_l)-
alanine (2-Nal); B-cyclohexylalanine (Cha), 3,4-dichlorophenylalanine (3,4-Dcp); 4-fluorophenyl-
alanine (4-Fpa); 4-nitrophenylalanine (4-Npa); 2-thienylalanine (Tha); 1,2,3,4-tetrahydro-
isoquinoline-3-carboxylic acid (Tic); 3-benzothienylalanine (3-Bal); 4-cyanophenylalanine
4



response. The scope of the present invention is not limted by this need to
differentiate the appendages for the sake of clearly defining the netes
and bound ofo®0dsog oup, unit, or noiety. As it relates tectrhgo/gs4n " am no
acid", those of ordinary skill in the art will recognize this termto nean
the naturally occurring constituent el enents of peptides, enzynmes, and the
like, as 25 well as non-naturally occurring variants. The followng is a
non-limting |ist of cormbn am no acids together with their abbreviation

and si ngl € (#£¥ha ?M-lﬁ@(ﬁgﬁ&yla?a'nﬁg tﬂ?&)(ﬂr@mopﬁlnyla"l’arnﬂ'em Ié?a)'(ﬂ i hgklalamﬂé Iﬁgﬁ)ag' nes

(Asp; N); asparfic acid cyst €i né I C ac
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phenyl al ani ne ol i ne ro, P), serine (Ser, t hreoni ne (Thr,
T), 30 trypeBpHisa wrpﬁtsﬂ lgvthetcmgq JRino(apidhs theyd-form i m%atqd\balthe loyyer casg her
non- nat ural Liy, IOIéﬁétraE'bré‘\ﬁatfbme&xmﬁﬁé Mﬂn%kwdﬂm-ﬁe%ﬂg@w phenyl al anl ne

(B X3-(1- - n
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(Ti 0): 3 Do duiheen AR P insyenn bl Fonf ol o Rkeb At = SR s o2
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E)ent af | uor op(f'nnéF ?@? e%k %{AB?%)J@ EIr)f)c?mfc glgrr%%wﬁefr?y s’l% %%ﬁi%‘gﬁ%gff'?m& For , t he

pur poses of the Pubstitpted UnitsySWIB on, the am no acids are in the L-form

(I evorotatory) U%ﬁ%ﬁ e HRE Winsiife dr ) EgéE‘;Qrogﬁf’a[toxﬁﬁ%h&%ﬁﬁbﬁ&ﬂté&“m%&dds

D-formis indicated ower case 5 single letter abbreviation
exanpl e, D- &rmbmﬂrpspm@mwwrémuﬁ@seﬁ f th% preseqtpveptinn the feumy substitgied'tin o

present i nvegtnedss ‘%dﬂl@éhéiemfhy&bgbﬁ aﬂaﬁl[ t%ﬁyd:agenedamdir &Eééth?dxeﬁen a@¥aNphes, one

or nore unlts may beldentlfled i hllcgﬁdcéiwtha erisk, for

exanpl e, 15r+ & carpon aiqm to form & molety, or ?f‘efeBa &ei‘t? ¥ °g8?1ét°’ﬂ}ﬁ mf‘ Jant e her and to
enphasi Ize t Bidins tdfemseF maiadye Fop exsapR, aJ @&n@bﬂmﬁemﬁnéqu‘[]réﬁﬁ‘i]glm&og? atdae
articular unjt. For .e ch i et her or.J* gan conpri se
P bame ol Sariment et BRoggs. sE i dnd e bl Wi a Ehardeef otnrefi€ofil, o o v
of J units. inclddsshibbnl, @dintiln, trsl the- ikeJBIHidBydrogen seplacemannintdasapaby|aed the

repl aci ng hydr ege t the ,
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ur poses I nventl on
"subst i t 2Q ederialia, aphafafieeg, a%yl chvetp Fandeveone omorao fihelndrpaen aé@mplmﬁ)bmdr ogen

atoms, or tRLgAuAY.dEd SipRl RBRIré<yFHThyl is a “substituted aromatic carbocyclic ring”, and 3-

guanidinopropyl is a “‘substituted Cj alkyl unit.” The term -SUB’ is used to indicate a substitute

for hydrogen is a unit which is capable of hydrogen bonding, inter alia, hydroxyl, carbonyl.
The following are non-limiting examples of moieties, which can replace one or more
25 hydrogen atoms on carbon to form -SUB units:
i) -NHCOR®,

ii) -COR*;
iii)  -COOR™;
iv) -COCH=CH3;
30 V) -C(=NH)NH,;
vi) -NHC(=NH)NH;;
vii)  -NR¥)
viii) -NHC¢Hs;
ix)  =CHCgHsy;



15 a carbon atomto forma noiety, or the replacenent of hydrogen atons
from adjacent carbon atonms to forma noiety." For exanple, a substituted
unit that wemaiossss a si ngl e hydrogen atom replacenent i rednickey133ad ogen,
hydroxyl, and the |ike. A two-hydrogen atomreplacenent includes carbonyl,
oximno, and the like. Three hydrogen repl acenent includes cyano, and the

| ike. The term substituted is used throughout the present specification to
indicate that a noiety, 20 inter alia, aromatic ring, alkyl chain, can have
one or nore of fhe hﬁngd%g atons replaced by a substituent. For exanple,
4- hydr oxyphenyl $s a fituted aromatic carbocyclic ring”, and 3-

guani di nopr opy! *! ;CO Pituted C3 alkyl unit." The term-SUB' is used to
indicate a subsmntutﬂﬂcNor hydrogen is a unit which is capabl e of hydrogen
bondi ng, inter alla OE%ﬂroxyl, carbonyl. The followng are non-limting
exanpl es of noi & ich can replace one or nore 25 hydrogen atons on

car bon o formxx&JB_-(EN’:ts. i) -NHCOR30; i) -COR30; iii) -CO.CRSO_;Miv)
Nosts 1o =aere W aoPoatle B s0)) 13340 %) - cON(R3) 21 xi )
-CONHNH2;  xii)x¥NHG® xiii) -OCN, 5 xiv) -CN, xv) F, d, Br, I, and
m xtures thereofyy x¢gpP, =0; xvii) -OR30; xviii) -NHCHG
xviii) -NHCHO;
10 xix) -OH;
xx)  -NHNR®);
xxi)  =NR;
xxii) =NOR¥; ' Lo
 xeii) -NHOR®; ' ’ '
15 xxiv) -CNO; |
xxv) -NCS;
xxvi) =CR*);
xxvii) -SO;M;
xxviii) -OSOsM;
20 xxix) -SCN;

xxx) -P(O)OH)R™;
xxxi) -P(O)R™)R™;
xxxii) -P(O)(OH);
xxxiii) -SONH;
25 xxxiv) -SORY;
xxxv) -NOg;
xxxvi) -CF;, -CCl;, -CBr3;
xxxvii) and mixtures thereof;,
wherein R¥ is hydrogen, C;-Cy linear or branched alkyl, Cs-Cy aryl, C;-Cyp alkylenearyl, and
30 mixtures thereof; M is hydrogen, or a salt forming cation. Suitable salt forming cations include,
sodium, lithium, potassium, calcium, magnesium, ammonium, and the like. Non-limiting_
: examples of an alkylenearyl unit include benzyl, 2-phenylethyl, 3-phenylpropyl, and 2-
phenylpropyl. As described further herein below, units defined herein as “substituted units



10 xi x) -OH xx) -NHN(R30)2; xxi) _ 30. xxii) =NOR30; xxiii) -NHOR30; 15
XXiv) -CNGQ  xxv) -NCS; xxvi) =C(R30)2i xxvii) -SBM xxviii) -0sBM 20
XXi X) - SCNwoozw35928P( O) (OH) R30; xxxi) -P(O (R30) R30; xx>XACTIUSOR()A CH) 2;
XxXxiii) -SO2NH2; 25 xxxiv) -S02R30; xxxv) -NO2; xxxvi) -CF3, -CCl3, -CBr3;
xxXxvii) and m xtures thereof; wherein R30 is hydrogen, O -C20 |inear or
branched al kyl, C6-C20 aryl, C7-C20 al kyl enearyl, and 30 m xtures thereof;
Mis hydrogen, or a salt formng cation. Suitable salt form ng cations

include,  sgAbleeT folhihfh Hffrogboag Sire! SSUR athits, extinpleBighvetichitludehydeoxiylami and t he
like. Non-limting exanples of an al kylenearyl unit include benzyl,

2- phenyl et §¥POMYS_ phenyl propyl, and 2- phenyl propyl . As described furt her
herei n bel ow, umbtiHustefvepamodes teifsllondng isatmafarhationdlyuesiiced rifg M@ing ,085925

PCT/ US02/ 13340 capabl e, of form,ng.a en,bongd”  are - SUB ts,

exanpl es off® ?l%‘% aﬁﬁ‘%ﬂfg etﬁﬁsd‘fy%lxagfnsa%g‘{bg%%%ﬁ"ﬁ %E%regﬁpfeu's rg Ve

pur posess tabepaté (@tdup\Gi)rwheiein R is awthyl):mat i onally restricted .ring having W Y,
and- Z units attached thereto as well as an SUB substituted unit. 1n this

exanple -SUB is an -
»'z]/y .
Z/Ef\

07 Ch
For the purposes or the present invention, the substitution for a hydrogen atom may occur
on the main hydrocarbyl chain or on a branch chain. ‘
10 The conformationally restricted ligands of the present invention includé a)f enatiomeric
and diasteriomeric forms and pharmaceutically dcceptable salts thereof, as described herein
below, said ligands having the formula:

z
15 wherein A is a conformationally restricted ring system selected from the group consisting of:

a) non-aromatic carbocyclic rings;
b) aromatic carbocyclic rings;
c) non-aromatic heterocyclic rings;
d aromatic heterocyclic rings;

20 wherein said rings comprises from 5 to 8 atoms. The formulator may select from any of these,
four types of ring systems. For the purposes of the present invention the term “carbocyclic ring”
is defined herein as ** a any ring, which comprises only carbon atoms.” The carbon atoms may in
turn be bonded to hydrogen atoms, for example, as in the case of cyclohexanyl rings, or two or
more bonds may be taken together with a heteroatom, for example, and oxygen atom to form a

25 carbonyl moiety. Also two adjacent hydrogen atoms may be absent thereby forming a double
bond between two adjacent carbon atoms, for example, a cyclohexenyl ring. The rings may be
substituted by any number of other atoms in addition to the 3 units, W, X, and Y described herein

below. For the purposes of the present invention the term “heterocyclic ring” is defined herein
. S : 7 .



5 acetate (group (ii) wherein R30 is nethyl): Wi NY Z~- N OI C
For the purposes or the present invention, the substitution for a hydrogen
atom may ocwmoz/ms2she mai n hydrocarbyl chain or on a branebrab®ies4010 The
conformationally restricted |ligands of the present invention include al
enationeric and diasterioneric forns and pharnmaceutically acceptable salts
t hereof, as described herein below, said |ligands having the formula: 15
wherein Ais a conformationally restricted ring systemselected fromthe
group CO”?"‘%&A:‘E}% ic coﬂ%ﬂ&g’&'léars%%ﬂﬁ&fﬁ@é P%?é&ldzz&ortﬂe?&ﬁﬁc onANQRLI C
carbocyclic rings; 35 non-aromati ¢ heterdcyclic rings; aromatic

het er ocycl ilinitingregamples Of hetaspcytlic rings iclndenpjperidivpeiopiperating Kotodiazepi'®, at ons. The
formul at or Y. Sebashe, birRiiha Rt Hrolilase. four types of ring systems. For
t he purposes of the present_invention the term "carbocyclic ring”  is

defined herein é@n‘ﬁmgméﬁ?b?%@,ts AfAPE-HoRginfarbeeslipmdnetetorysdin iags diiede: The
carbon agons may)in turn be bonded to hydrogen atons,: for exanple, as in
the case of cycl ohexanyl rings, or two or, nore bonds may be taken together :
with a heteroatom for exanple, and oxygeil,n atomto forma 25 carbonyl
noiety. Al so two adjacent hydrogen atong” Ybe absent thereby formng a
doubl e bond between two adj acent carbo ons, for exanple, a cycl ohexenyl
ring. The rings may be substituted byrany nunber of other atons in
addition to the 3 units, W X, and Y dgscribed herein below For the

pur poses of the gresent invention the term"heterocyclic ring" is defined
herein 7 WD 02/ 85925 PCT/ US02/ 13340 "as a ring, which conprises at |east
one atom nitrogen, inter alia, other thaﬁv carbon.”™ Non- |imting exanples
of heterocyclic rings include, piperidi ne/;r\ket opi per azi ne, ketodi azepi ne, .

proline, piperazine, pyrroline, and pyr rfl_i_éjone. .
| T Yy P S 3

c)

10 z
d)

e)
15 f)

g



Non-limting enbodi mnents of non-aromatic, carbocyclic and heterocyclic
rings include: 5a) b) ¢) 10d) w | Z 7-Ts'rY J-J e) 15f) g) 8 W

02/ 085925 5W0)02(9359%5) PCT/ US02/ 13340 10 wherein W Y , and ECTWUS03/83380 €
described herein below, 15 T is selected fromthe group consisting of: i)
-C(R )d-; wherein each R is independently hydrogen, C-C6 |inear or

branched alkyl, -SUB, and m xtures thereof, d is an index having the val ue
1 or 2; ii) - N; iii) -NR-; wherein R is hydrogen, C-C6 |linear or
branched al kyl, -SUB, or a W Y, or Z umwt; in several enbodinents R is

hydr ogen, non- I imting exanples of whi ch}l nQI ude conformationally
restricted anal ogs with rings having th{e ﬁr/mjl a: WO 02/ 085925
PCT/ US02/ 13340 N AT

m

)

k)

\r N~
>—:

10 wherein W, Y, and Z units are described herein below;
T is selected from the group consisting of:
i) -C(R’)4-; wherein each R’ is independently hydrogen, C;-Cs linear or branched
alkyl, -SUB, and mixtures thereof, d is an index having the value 1 or 2;

i N
15 i) -NR’-; wherein R’ is hydrogen, C;-C; linear or branched alkyl, -SUB, ora W, Y,
or Z unit; in several embodiments R’ is hydrogen, non-limiting examples of

which include conformationally restricted analogs with rings having the formula:



z and iv) -0-;. v) -5-; vi) -P(O-; for exanple, in conjunction with
conformationally restricted analogs wwth 5 rings having the fornmula: W Y
Y o~ \ r OWpe2/@sms, z or ZJ is selected fromthe group pones®issg of . i)
-[C(R')d] k-; wherein each R' is independently hydrogen, Cl1Cl12 |inear or 10
branched al kyl, -SUB, two R' units can be taken together wth an oxygen
atomto forma carbonyl unit, two R'" units fromany J units or an R' unit
and an R unit froma T unit can be taken together to forma carbocyclic
or heterocyclic fused ring, bicyclowring, or spiragannul ated ring
conprising from3 to 7 atons; the index d has the yalue of 1 or 2; the

i ndex k has the value of 1 or 2; i e enbodi ment Yat | east one 3 unit
conprises the noiety -CF2-; in o&he enbodident s s the fornula -CH2-,
-C(O-, and m xtures thereof fuseﬁ ring enbodiHm‘gnts of 3 include
conformationally restricted rings having the foraula: W | 20 however R
can form heterqucl ug .rings, for exanple, a cyclic et her havi ng t he
formula: W 2/ 085925PCTI US02/13340 C S

vi) -P(O)-; for example, in conjunction with conformationally restricted analogs with

5 rings having the formula:

A
t}
[

(@]
N \\/2
<

(o]
N \\/i
4

z ) or
T is selected from the group consisting of:
i) -[CR") s wherein each R” is independently hydrogen, C;-Cu linear or
10 branched alkyl, -SUB, two R" units can be taken together with an oxygen atom to
form a carbonyl unit, two R” units from any J units or an R" unit and an R’ unit
from a T unit can be taken together to form a carbocyclic or heterocyclic fused
ring, bicyclo ring, or spiroannulated ring comprising from 3 to 7 atoms; the index
d has the value of 1 or 2; the index k has the value of 1 or 2; in one embodiment,
15 at least one J unit comprises the moiety ~CF,-; in other embodiments J has the
formula -CHp-, ~C(O)-, and mixtures thereof; fused ring embodiments of J

include conformationally restricted rings having the formula:

T
L1
ZN5
'

20 however R” can form heterocyclic rings, for example, a cyclic ether having the
formula;
v
LX
VA N/VH
' l\/o .



iii) -NR -; wherein R is hydrogen, Cl1-C6 |inear or branched al kyl, or a
SUB unit; iv)-0-; v)-5-; 5vi),-P(O- or -P(O2.; for exanple, in

conj unct i onW@iogMssdsher J or T units can formvii) noi eti espoanisoxssioe
formula -OP(O-; -OP(OR30-;-0P(0)O; or -OP(O)R300-; and mixtures thereof.
W Pendant Units 10Wunits of the present invention provide a first pendant
unit- attached to the conformationally restricted ring. In general, the W
unit has the fornula: vvherei nJis the sane as defined herein above. The W
units of the pregent _ilnvention have several aspects, which relate to,
inter alia, the™®hoicé of Bunit, the selection of units which conprise the
15 backbone of tifie W-NR‘-twli&fbﬁhR’hﬂyQJ&anC@l -CyflinAr ¥ brinchdd aliii, bsa B Sni§ el ect ed
fromthe group c nsi sying of. a) substituted or unsubstituted non-aromatic
carbocyclic rind é ’substituted or unsubstituted aronatic carbocyclic
rings; 20 c) sub&tltused or unsubstituted non-aronatic heterocycllc rings;

d) substituted Qk uns t d.aromatic heter ocy.el | rein said
rings corbrprl ses f)romg(gﬁ Arllgbgf {GF el S Py g%’ i%rglg%‘fts %f‘r“gﬂﬁ’tl c and
non- aromati c car bocywldties havmgstmfmmhladﬁ’(@ycm(ﬁ)ﬁﬁ’yJQP(@m:iamma(emf?o-

cycl opent anyl , | ol ggﬁn ohexenyl, cycl oheptanyl,
bi cyclo-[0. 1. 1] Qrﬁﬁt any(T cﬁ%k[o 1.2]-pentanyl, bi cycl 0-[0.1.3] 25

hexanyl (thuj anylV)PendsntUgits, [ 0. 2. 2] - hexanyl, bicycl o-[0. 1. 4] 7hept anyl
(caranyl), bi CYQi’QmEs?ofare }e‘senhﬁlpén%ﬁ’ roﬁ&%rfﬂﬁbmthmtﬁh%&t&hé 0.2.4] -octanyl

(caryophyl | en Spi ro entany , cl opent anespi rany decal i nyl,
phenyl , ﬁed@ “mﬂ8$WVH? CwﬂﬁﬂéﬂygﬂwQPﬁPNH@%¥Fsm&%ﬂ@éhyl phenant hr enyl ,
anthracenyl fluorenyl, acenaphthylenyl, 1,2,3,4- tetrahydronaphthalenyl,
and the Iike. hbn-liniting exanpl es of ar mati c and non-aronatic
heterocyclic rings include: pyrrolyl, 30L2H pyrrolyl, 3H pyrrolyl,
pyrazolyl, 2Himdazolyl, 1,2, 3- trlaszyl* 1,2, 4- trlazolyl |soxazolyl
oxazoyl, 1,2, 4-oxadi azol yl, 2H—pyrany|J 4 pyranyl 2H—pyran 2-one-yl ,
pyridinyl, pyridazinyl, pyrimdinyl, pyrazinyl, plpera2|nyl S- tr|a2|nyl,
4H 1, 2- oxaz¥hesein T ip the san@= asefiried Perein g_b,ozqc. Bha N wnitk 9f the present invention have several

aspects, which relate to, infer alia, the choice of B unit, the selection of units which comprise the
15 backbone of the W unit and the choice of R unit.
R units

R is selected from the group consisting of:

a) substituted or unsubstituted non-aromatic carbocyclic rings;
b) substituted or unsubstituted aromatic carbocyclic rings;

20 c) substituted or unsubstituted non-aromatic heterocyclic rings;
d) substituted or unsubstituted aromatic heterocyclic rings;

wherein said rings comprises from 3 to 12 atoms. Non-limiting examples of aromatic and non-
aromatic carbocyclic rings include cyclopropyl, cyclobutanyl, cyclopentanyl, cyclohexane,
cyclohexenyl, cycloheptanyl, bicyclo-[0.1.1]-butanyl, bicyclo-[0.1.2]-pentanyl, bicyclo-{0.1.3]-
25 hexanyl (thujanyl), bicyclo-[0.2.2]-hexanyl, bicyclo-[0.1.4)-heptanyl (caranyl), bicyclo-[2.2.1]-
heptany! (norboranyl), bicyclo-[{0.2.4]-octanyl (caryophyllenyl), spiropentanyl,
diclyclopentanespiranyl, decalinyl, phenyl, benzyl, naphthyl, indenyl, 2H-indenyl, azulenyl,
phenanthrenyl, anthracenyl, fluorenyl, acenaphthylenyl, 1,2,3,4-tetrahydronaphthalenyl, and the
like. Non-limiting examples of aromatic and non-aromatic heterocyclic rings include: pyrrolyl,
30 2H-pyrrolyl, 3H-pyrrolyl, pyrazolyl, 2H-imidazolyl, 1,2,3-triazolyl, 1,2,4-triazolyl, isoxazolyl,
oxazoyl, 1,2 4-oxadiazoly1 2H-pyranyl, 4H-pyranyl, 2H-pyran-2-one-yl, pyridinyl, pyridazinyl,
pyrimidinyl, pyrazmyl piperazinyl, s-triazinyl, 4H-1,2-oxazinyl, 2H-1,3-0xazinyl, 1,4-oxazinyl,
Co . 4L SRR _



11 WO 02/ 085925 PCTI US02/ 13340 nor pholinyl, azepinyl, oxepinyl,

4H 1, 2- di azepi nyl, indenyl 2Hindenyl, benzofuranyl, isobenzofuranyl,
i ndol yl , 3MWOAZASYAS, 1H-i ndol yl, benzoxazol yl, 2H 1-benzopgrasgli330
qui nolinyl, isoquinolinyl, quinazolinyl, 2H 1, 4-benzoxazinyl,

pyrrolidinyl, pyrrolinyl, quinoxalinyl, pyrrolyl, furanyl, thiophenyl,
benzi m dazolyl, and the |like. Each of these rings can be suitably
substituted 5 by one or nore -SUB units. In one enbodinent of the present

|3 n¥|ent | onhRnMpmdllgylfaelrzemeﬁyﬂmﬁm -R2Bigde Ehylt@&n maenylr bemmadhﬂt er ali g 4
uor ophe, uor. i oro chorophenyl , .and 4-

hydr oxyphen‘ff% ﬂzf’ﬂ“&#oi“ﬂ@@ %ﬂ%‘ﬁlﬂ%}' ﬁéﬁ’c‘l‘% ‘ggeiﬁ l'b?‘R?%Rﬂ"rnéﬁlanQMl't s,

enconpass risoygisoliuyl, qhna:ohyl.&l—hle‘i-banmcdzliyﬂ (pmnblhlmyg pREginFlOqUE o dlinylgpyarblyl,

S~ o ol | g SRR Sy PR e B 200 Mot sl R My it ' '

7- qui nol Smmon@ormmﬂﬂw\myus 1-im dazol yI 2-i m dazol yI 4-im dazol yl,

1-pyridinyl, 2- odi:nent
corpri ses R uni tsBﬂe&%ﬂMé}xmg% g?ﬂl&ggkﬁﬂy&mn(%n lﬁwfnthFrr bgéng)lénd %ub%thqe phenyTS) nitL
is a |inki riipeg ﬂlaer;ylza%ﬂ@rppbw ésﬂumplmymai:dlﬂnmhmyl #mhbmphenylsamiﬂ-t he

conf ormat i oR@dokyphedygSt ri cted receptor ligands. The follow ng definition of
L units applles to I|nk| groups throughout the present. invention. The
| i nki ng groups @g@%ﬂ“ of Khepresnbiavertion R Bhitsr qoseupsppyingaviithsror gr oups

of atomgp vuale@tbu fBoth the Qioﬁp %Biﬂﬂﬁtof 5ubRnfd omssﬁbdeiﬁteh%hen@ B-nSptMIR bs.aﬂﬁh
suitable L 20, ,unit class, %atestothe p ti de bond carbonl
nodi fi ed ca]r‘ﬂi’é‘WE)]‘Pyltﬁ'? sQUIRRLinyl; 44 winolinyl, 6-giipsling, 7rﬁ5‘1=”éi“§’|lrt§od| nent s

of the presfiolihyhMeinidagdlyl, 1-intlddzbi§], mama&elyabwmmyl il 4-hRinpicaigpl es of L
units fromthis lcI ass.of peptide bond, carbonyl, and nodified car bonyl
units are PfYlsel ect ed fromthe group consisting of: -[C(Rl1)2],

wherein p is froGofhed enbb@iment|cofpfistaR %@Wﬂ)aﬁkphe %{ﬂbﬂh}‘l drB-nby 0 tO 12
q isfr%nlto TTEI -(R12)tC(X)(R1)t-; -C(X)R12 X) ?

L is a linking group, which serves to connect two or more units of the conformationally

restricted receptor ligands. The following definition of L units applies to linking groups
throughout the present invention. The linking groups of the present invention may comprise any
atoms or groups of atoms, which suitably connect two or more units. One example of a suitable L
20 unit class relates to the “peptide bond, carbonyl, and modified carbony! unit” class of linking
units. In one or more embodiments of the present invention, L units may be absent.
Non-limiting examples of L units from this class of peptide bond, carbonyl, and modified
carbonyl units are units selected from the group consisting of:
i) -[C(R"),],-, wherein p is from O to 12;
25 ii) ~[C(R"),],(CH=CH),-; wherein p is from O to 12; q is from 1 to 6;
i) -REOCEOR) |
i)  -CE)NR'Y-;
iv) -CXOR’CX)-;
V) -C(X)NRMCX)-
30 Vi) -COONR'R“NR'C(X)-
vii) -NRY"C(X)-
viii)  -NRUC(X)NR!-;
ix) NRUCCORNRY.;
X) NRUR“CCONR!-;



SO(X)NRLIR12 11C(X)-; -NR1C(X) ; -NRL1IC(X)NR11l-; -NRL1C(X) R12NR11-;
-NR11R12C( X) NR11-; .12 WD 02/085925 5 10 15 xi)-NR'C(X)R 2C(X) O ;
Xii)-OC(X) RpR(oxyBiR11 ; Xxiii)-NR'C(X)NRLLIR12-; xiV)-R 2NRp&fwsdIRIskha ;
XxV) - RI2NR' C( X) NR12R12-; xvi)-NR'-; xvii)-R 12 NR'-; XxiX)-NR'R12.
xX) - NR"N=N-; xxi)-NRLINR'_ xxii)-OR 2-; xxiii)-R120-;
xxii)-(R12)10C(O (R12)t_; xxiii)-(R12)tC(0)Q R12)t
xXiv)-(R12)toC(O (R12)t _; PCTIUS02/ 13340 xxv) -S-; xxvi) -(R12)tS(R12)r;
xxvii) - (RL2) t§(X) (I(Iﬁ‘@é(;)R”é&ﬁbi;i ) (R12)tS(X)2(R12)r;
xii)  -OC(X)RC(X)NR!;
Xiif) -NR“C(X)NR”R“-;
xiv)  -RPNRYC(X)NR';
5. _ xv)' -RnNR”C(X)NR”Ru-;
o xvi) -NR';
xvi)) -RUNRY,
Xix) _NRHRIZ_;
xx)  -NRYN=N-
10 xxi) -NRU'NRM-
xxif) -OR'-
xxiif) R0+ |
xxif)  -R*)WOCONR®);
xxii)  -(RHCO)OR)e;
15 xxiv)  -R)OC(O)OR);
Xxv) -S4
xxvi) -RZ)SR?)
xxvii) -RBDSEIR)e
xxviif) -R')SE)R %)
20 xdx)  -R™)NRYSKIR)
ox)  -RDSCONRMR'?)
xxxi)  -RDNRUSEK)RR);
xouxif) -R)SENR R
wherein R" is hydrogen, linear or branched C;-Cyo alkyl, hydroxyl, -SUB, or mixtures thereof;
25 R"7is C,-C linear or branched, substituted or unsubstituted alkylene, substituted or unsubstituted
phenylene, or mixtures thereof; or an R and R'? unit can be taken together to form a ring; X is
oxygen, sulfur, =NR"!, and mixtures thereof; t is 0 or 1.

The following relate to one embodiment of L units:

i) -C(O)NH-~;

30 ii) -C(O)NHC(O)~;
1ii) -NHC(O)-;
iv) T -NH-

v) -(CHy),NH-~;, wherein b is from 1 to 3;
vi) -NH(CH.);-; wherein b is from 1 to 3.

13 .ot "



20 xxix) -(R1I2)tNR'S(X) (R12)r; XXx) _(R12),S(X)NRL1(R12)r; XXXi)
-(RDtNR'S(X) 2(R22)r;  xxxii) -(R12)tS(X)2N ~R/'1' (R 22)t-; wherein R' is
hydr ogen, MW®e28588 branched Cl-C o al kyl, hydroxyl, -SUBpco®fustd/isser €S
thereof; 25 R12 is C-Cl16 linear or branched, substituted or unsubstituted
al kyl ene, substituted or unsubstituted phenylene, or m xtures thereof; or
an R' and R12 unit can be taken together to forma ring; X is oxygen,

sul fur, =NR', and m xtures thereof; t is 0 or 1. The follow ng relate to

one errbodl ment qfhefouuwmgfelatetb)m&fQthimenﬁ&Ldn}ts C(O) NHC(O - i)
- NHC( O) - iv) -NH; C}-@ bNH . wherein'b Is rom1t03 Vi)
“NH(CH2) b-; wherkein B ‘f‘f’l?ﬁ‘ﬁ“FPtScfmSIOtféz WO 02/ 085925 PCT/ US02/ 13340 The

fol |l ow ng rel at ¢t o amon-her errbodl rrent of L units: i) -(CH2)p-, wherein p
is fromO to 12; ||)F:§($i}11 h 2 H-; wherein b is froml to 3. 5
Q her enbodi ment® of “FHELF¥AH ‘may utilize only the -NH . miety
as a linking umithes emividinents of the presﬁnt inesntienagydititiendnty thé INH-2e0idtpdsha linkhgd) NH-
and - NHC(O) adi t e o followng L
s i Wit o RO e P RN PN Bl Bt ot
conpri se aembndympmueb#eeﬁaﬂnémmahquﬂcamglnmdtsfl ed carbonyl L wunits, for
exanpl e, units I;baw nq:(bl)}@_lf or mul a:

ii) -NHC(O)-;
10 iif) -NH-.
Other embodiments may comprise a combination of carbonyl and modified carbonyl L

units, for example, units having the formula:

: D COM
| i) ! -CENE
15 iif)  -C(O)NH~
iv)  -C(=NH)NH-;
v NHCO)
~ vi)  -NHC(=NH)-

vii) -NHC(=NH)NH-;
20 or only modified carbonyl units having the formula:

i) -C(=NH)-;
i)  -C(=NH)NH-;
iti)  -NHC(=NH)-;
iv) -NHC(=NH)NH-.
25 Examples of L units wherein R* and R'?, two R" units or two R' units are taken together

to form a ring include the conformationally restricted L units:
B
Q Q\ Q\ ) I
r-7* R” I l

however, the rings formed by the R' and R™? can also comprise one or more heteroatoms, for

30 example a linking unit having the formula:



S o
15 1)-OQ-; 1i)-C(=NH)-; iii)-C(QNH; iv)-C(=NH)NH; v)-NHX(O)-;
Vi )-NHC(=NH)-; wvii)-NHC(=NH)NH; 20 or only nodified carbonyl units having
t he formul avoio}/es®§zsNEl ) -; ii)-C(=NH)NH; iii)-NHC(=NH) -; iperrd¥biAssNH NH-.
25 Exanples of L units wherein R' and R12, two R' units or two R12 units
are taken together to forma ring include the conformationally restricted
L units: or however, the rings fornmed by the R11 and R12 can al so conprise
one or nore heteroatons, for 30 exanple a |linking unit having the formul a:
14 WO 02/ 085925 PCT/ US02/ 13340 B Units ThegB units of the present invention
enconpass several distinct aspects, edthYaspect having nultiple
enbodi nents dependi ng upon the requir whi ch the formul ator sets forth
5 for the receptor ligand. B units dognot jrequire a chiral center, but nany
enbodi ments of B described herein conprise a chiral center. Several
non-1imting entBbhiteents of B, having chiral and non-chiral centers, are

[isted heren ol uob Bl ool icdmpllEialrAinl Girko @ llaed T ecePtor

ligands will réco nize are the
sane, B wi |havingmuli lﬁ@méodl@mt? depenging upgn thaTE@uzsmentewhith the gormulator sets forth

5  for the receptor ligand.

B units do not require a chiral center, but many embodiments of B described herein
comprise a chiral center. Several non-limiting embodiments of B, having chiral and non-chiral
centers, are listed herein below.

Formulators of MC-4, MC-3, and MC+4 and MC-3 receptor ligands will recognize that

10  when any two of R% R®, and R* are the same, B will not have a chiral center unless one of the
 units R% R?, ‘and R* comprises a chiral center or two of R% R, or R* are taken together to form 2

ring which has a chiral center. B 1m1ts are represented by the formula:
R3

R\fw

wherein R? R?, and R* are described herein below.

15 A first aspect of B relates to units wherein R R, and R* units are independently selected
from the group:
A) rings comprising:
a) substituted or unsubstituted aromatic carbocyclic rings;
b) substituted or unsubstituted aromatic heterocyclic rings;
20 c) and mixtures thereof;
B) hydrogen;

') SUB units; and

D) mixtures thereof.

Non-limiting examples of substituted or unsubstituted rings according to (A) above

25 include: benzyl, 4-hydroxybenzyl, 3-chlorobenzyl, 4-chlorobenzyl, 3,5-dichlorbenzyl, 4-

fluorobenzyl, (imidazol-2-yl)methyl, (imidazol-4-yl)methyl, 2-phenylethyl, 2-(4-
hydroxyphenyl)ethyl, 3-(r-hydroxyphenyl)propyl, and the like. _

In one particular embodiment of this first aspect of B units, said B units comprise a chiral
unit having the formula: '

- 15 : Lo v r



units R2, R3, and R4 conprises a chiral center or two of R2, R3,.0or R4 are
taken together to forma ring which has a chiral center. B units are

repr esent edvdy2/dss®sf ormul a: wherein R -, R3, and R4 are destmséradsfoerein
below. 15 A first aspect of B relates to units wherein R2, R3, and R4 units
are independently selected fromthe group: A) rings conprising: a)
substituted or unsubstituted aromatic carbocyclic rings; b) substituted or
unsubstituted aromatic heterocyclic rings; 20 c) and m xtures thereof; B)
hydrogen; C) SUB units; and D) mixtureg thereof. Non-limting exanples of
substituted or unsubstituted rings ac&ugiRhg to (A) above 25 include:
benzyl , 4-hydroxybenzyl, 3- chlorobenzyl 4- phlorobenzyl 3, 5-di chl or benzyl ,

4- fl uorobenzyl [ ngazoI ) met h (i m dazol - )Hmet hy Ilj
2- phenyl et hyherelgR§ yﬁ;aqﬂg}w)lé yijogen, 3SCEONGR) ot d\i@phem]ﬁ?) pdpyl, and
the like. |proRERPADY, lml*cﬁmxeﬂhmm tHefeot, Bx'o%déd mhd &s &es& tl%fsa.\ge wvu; s,

said B units conprise a chiral unit_having

WO 02/ 08592bydreeth Gefrp aliak arymistuses ﬂ}“ﬁ%& d$ 91-%6 h%?éf Qfﬁ@nfhfﬁl rﬁ&PS&wﬁe(’ erp) -,
-C(0) - anduﬂﬁwshwfceﬂkﬁmqreleﬁnear dr beiAEHeS, sabsBtuRe bﬁlﬁf&lﬂﬁutﬁ@ﬂ AJ1BR gL mm

cor 510 2 WBELIRY i ey 540 ATl e e )

unsubstituted allquarylene, inter alia, benzyl and substituted benzyl. Specific examples of R* and
R? include -CH,C(O)CH;, -NHC(O)CHj, -NHC(O)CH-CH,, and -NHC(O)CH,CH,CHs.

One aspect of W comprises units having the formula:

1.’B

. . R{ J)_\
' 10 o v : i ' f
wherein J has the formula |{CH;)—~, -C(O)-, and mixtures thereof;
L units are selected form the group consisting of:

i) -C(O)NH-;

ii)  -C(ONHC(O)-;
15 iii) -NHC(O)-;

i) -NH-;

V) -(CH,)yNH-; wherein b is from 1 to 3; and
vi)  -NH(CHy); wherein bis from 1 to 3;
R is substituted or unsubstituted aryl;

20 B is hydrogen or a unit having the formula:

3
Ri\F R

wherein R?, R?, and R* units are independently selected from the group:

a) rings comprising:
i) substituted or unsubstituted aromatic carbocyclic rings;

25 if) substituted or unsubstituted aromatic heterocyclic rings;
iif) and mixtures thereof; ’
b) hydrogen;
c) a unit selected from the grc;up consistihg of -CH,C(O)CHj, -NHC(O)CH, -
NHC(0)CHCHs, and -NHC(0O)CH,CH>CH3;

30 d) at least two of R? R?, or R* can be taken together to form a rmg, and
o 16 . - - : :



Vi) -NH(CH2)b-; wherein b is from1l to 3; Ris substituted or unsubstituted
aryl; 20 B is hydrogen or a unit having the fornula: wherein R2, R3, and R4
units are iwoepesesnt|ly selected fromthe group: a) 25 b) p@Besodssdr3 Rz Ra
wherein R2 and R3 are each independently hydrogen, -C(X)NR13)2; -N(R13)2;
-N(R13)3 D- C(X)N'(R13)3D; -NR13C(X)R14; and m xtures thereof; provided
R2 and R3 are not the sane; R13 is hydrogen, Cl-Co al kyl, or m xtures
thereof; R14 is Cl1-Cl6 linear or branched, substituted or unsubstituted

al kyl, C7-Cl16 |igear g&ofkaRehed substituted or unsubstituted

al kyl enearyl; X I's oxygen, sulfur, =NRL3, and m Xt.ures thereof; Dis a
salt forming ani@ve papiculazembodimans ofthis asne¢t of B goraprises ) anitsshdt ergthpdrogen and

al kyl aryl eng? upifs taf hadé iheforR@N MR RS Whisdih RYEEE-BenGY gls,lSm?&n'efpsﬁa@afanpl es
of R2 and R3 include -mz,q%%m, -NHCI:%.O)CHB, -NHC%\Q/)) [ CH3, and

- NHC( O) CH2 Cigpiesof empprdmentsfb it -NECIQEs Agsh B dbhydipgen whils Ry 1s05€ e19e0rs Wil a:  Li B
rings COBPr iefecfag ﬁoin)th%@ﬁ:bﬂsidﬁ@cbfBéuﬂfﬁﬁmyﬁeﬁiﬁd&fo%ﬂyﬁ 4carbocyclic
rings; " ii) substit t?d, or ugsu sfitute -grg%nati%'hgﬁs?g{q%gxcliq ringr:; i)
and mi xt ur eLeRNPEEYL Slrghegzyl and mixtugs;thereoh (wallg angthene LoPRRIpEs A5 st i ng
of " - CH2C( O) SGid3mits Witk R QnEi-Blected i hOpGhR Einsisting bObenYHCLN daA@HAEYI34- at | east

E)\é\? 0 gf5 9 ;Rg ' Pﬁ?aégléslfgﬁxgg %-gluct))r bénzajjf.%r:hyhr%gyeo%ﬁ]z?ff, axgdo 4-£cgtlb)@b§nx5i. niqn;ese%{]ngodh]ﬁgntsv\l)

of this aspect are further exemplified in the analog tables herein below,
10 Embodiments of this aspect can readily utilize L-amino acids and derivatives thereof as a
source of B units.

One embodiment of this aspect of W units, relates to coupling a B unit which is derived
froma L-atnir;o acid with an R unit which is derived from a D-amino acid. For example, a W unit
comprising the diamino acid 'residue N—acletyltyrosinyl-D-phenyialanine ™ -acetyi-Yf), having the
15 formula: |

Hy o

o N
L QG
I f m” Yo OH

0

" wherein J is -C(0O)-, J* is -CH;~, R is pheny], L is -NHC(O)-.
Another embodiment of this aspect of the present invention relates to B units, which can
be conveniently obtained from D-amino acids as a source of a chiral carbon atom, for example, B

20 units having the formula:
RS

sz[..a iy

wherein R® is hydrogen, R? is one or more units selected from the group consisting of benzyl, 4-
hydroxybenzyl, 4-chlorobenzyl, 4-methoxybenzyl, 3-nitrobenzyl, and mixtures thereof; R*is a
units selected from -C(O)N(H)z, -NH), -N*'(H);D', -C(O)N*R');D', -NHC(O)R", and mixtures
25 thereof; R' is a C;-Cj¢ substituted or unsubstituted alkylarylene unit, non-limiting examples of
which are benzyl, 4-hydroxybenzyl, 2-phenylethyl, 3-phenyl ethyl, 2-(4-hydroxyphenyl)ethyl, and
the like; D is a salt forming anion. '
One embodiment of W units relates to compounds comprising a primary amino unit, for

example, a W unit having the formula:
e 17



e) mxtures thereof. One particul ar enbodi nent of this aspect of B
conprises R3 units that are hydrogen and R2 units that have the forrrul a
-NR13C( X) Riwo ozhesses n R 4 is CL-C4 linear alkyl. In one p seri es
of enbodinments R2 is -NHC(O CH3 and R3 is hydrogen while |s one or nor e
units 5 selected fromthe group consisting of benzyl, 4-hydroxybenzyl,
4-chl orobenzyl, 4- methoxybenzyl, 3-nitrobenzyl, and m xtures thereof,
whi | e anot her enbodi ment combi nes these two units with R4 units sel ected
fromthe group consisting of benzyl ; N2 L dazokysl met hyl , 4-
i m dazol yl net hyl, 4-fl uorobenzyl, y ro zyl, and 4-acet oxybenxyl .
These enbodinents of this asp exenpllfled in the anal og
i f t(hl s aspect can readily utilize

a8° a source of B units. One
enbodl ment of this aspect of Wunlts elates to coupling a B unit which is

derived f i s derived _froma D am no
acid. For é@gpenirﬂ) Itdee B %u%?%sgn%m%r Fer ﬁ°6ﬂfeﬁr§m\é\?°é§w{83°3ﬁ°ﬂmﬁ figggerein

N-acet yl tyﬁbpyﬁr@ﬂlempﬁeﬂjds&kwplmefmmm&rgdmmmde: having the 15 fornula: OH
wherein J is -C(O-, J* is -CH2-, R4us phenyl, L is -NHC(Qg. Another
enbodi nent of this aspect of the sent invention re ¥s to B units,

whi ch can be conveni ent#® from D-am a source of a

chiral carbon atom for exgnple, B 20 units hav ng formul a: 25 wherein
R3 is hydrogen, ORonDre units ¢l~- e group consisting
of benzyl, 4- hydr |, o4-chl or obe oxybenzyl ,

thereof; R4
QO N+(R14) 3D,

% selected from
HC( O) R14, and m xtures

3-nitrobenzyl, and

“AONHz, -NH2 -Ne(H) 38

thereof; R14 is a C7-Cl6msybsi ed or unsubsin t uted Yk aryI ene unit,
non-limting exanples of )i C \a e benzyl, ' zyl, 2-phenyl et hyl,
3-phenyl ethyl, 2- ) et hyl ] 3 Dis a salt

form ng anion. One ye i nt of Wunits gs t9 corrpounds conprising a

primary amno unit,
5

Another aspect of the present invention relates to B units taken together with a
sulfonamide linking unit to provide receptor ligands having W units of the formula:
R3
R2+ R"
H, 50

wherein R, R®, and R* are defined hereinabove, One embodiment of this aspect relates to
10  receptor ligands wherein at least two of R%, R, or R* are taken together to form a ring or wherein

R* comprises an aryl or heteroaryl group, said units selected from the group consisting of phenyl,

benzyl, 2-phenethyl, naphthyl, naphthalen-2-ylmethyl, naphthalen-2-ylethyl, and 6-hydroxy-

naphtalen-2ylmethyl, an non-limiting example of which comprises a scaffold having the formula:

18



WO 02/ 085925 SUB PCT/ US02/ 13340 wherein the SUB unit represents one or nore
repl acenents for hydrogen atons.as defined herein above. O her
non-1imtinQRPENeEs of this embodi ment include: SUB - , SkEr/&kdB/15340 Anot her
aspect of the present invention relates to B units taken together with a
sul fonam de |inking unit to provide receptor |igands having Wunits of the
formula: R3 R~ R4 N 82 R'Owherein R2, R3, and R4 are defined

her ei nabove. One enbodi ment of this aspect relates to 10 receptor |igands
wherein at least two of R2, R3, or R4 aken together to forma ring or
wherein R4 conprises an aryl or heterd group, said units selected from
the group consisting of phenyl, benzy - phenet hyl , napht hyl ,

napht hal en- 2-yl net hyl , napht hal en- 2-y iyl , and 6- hydroxy-

napht al en- 2yl net hyl, an non-limting eXanpl e of which conprises a scaffold
having the fornmula: .18 WO 02/085928. 6% US02/13340 5 ;~R CN R\ O P H H
wherein R, RO, and R 3 represents_any| noi ety descri bed herein. Another

aspect of the present invention r B units wherein at |l.east one,

preferably [ I\/\

R’ H
wherein R, R’, and R represents any moiety described herein.
Another aspect of the present invention relates to B units wherein at least one, preferably
at least two, of R?, R?, or R* units comprise a hydrogen bonding unit selected from the group:
5 A): .Cy-Cizlinear or branched alkyl units substituted by one or morc ‘hydrogen
bonding SUB' units;
B) C,-Cy, linear or branched alkenyl units substituted by one or more hydrogen
bonding SUB’ units;
) hydrogen;
10 D) SUB'’ units; and
E) mixtures thereof;

wherein SUB' units are “substitutions for hydrogen which comprise units which are hydrogen

bonding units.”

Non-limiting examples of ~SUB’ units are selected from the group consisting of:

15 i) -NHCOR¥;
ii) -OH;
iif) -COOH;
iv)  -C(=NH)NHy;
v) -NH;;

20 vi)  -NHCHs;
vii) -CONHo,;
viii) -CONHNH,;
ix) -NHCN;
x) -=0;

25 xi)  -NHCHO;

xii)  -NHNHy;
e 19



at least two, of R2, R3, or R4 units conprise a hydrogen bondi ng unit
selected fromthe group: A C -C 2 linear or branched al kyl units
substi t ut edvdy2/a38@sor nore hydrogen bondi ng SUB' units; BpcrRS@4234bi near or
branched al kenyl units substituted by one or nore hydrogen bonding SUB
units; C hydrogen; 10 D) SUB' wunits; and E) m xtures thereof; wherein
SUB' units are "substitutions for hydrogen which conprise units which are
hydrogen bonding units.”™ Non-limting exanples of -SUB units are selected
fromthe group Sigfgng of : 15 i) -NHCOR30; ii) -OH iii) -COOH, iv)
-C(=NH)NH2; v) "-NH2; 20 vi) -NHCBH5; wvii) -CONH2; viii) -CONHNH2; ix)
-NHCN,  x) =0; 25) xi FNONHCHO, xii) -NHNH2; 19 WD 02/085925 5 10 xiii) =NH;
Xiv) =NCH;, xv) x9)NHOHOH;

xvi) -CNO;

. 5 xvii) -SOsM;
T xviii) -OSONE

xix)  -P(O)OH)R®;

xx)  -POYRR;

xxi)  -P(O)(OH)z;

10 xxii) -SO,NHp;
xxiii) -NOj;
xxiv) and mixtures thereof;
- Non-limiting examples of W units which comprise a B unit having at least two hydrogen
 bonding units have the formula: ' o ) ‘ !

SUB B suB H

15

Another aspect of B units relates to R?, R?, and R* units one of which comprises a
20 hydrogen bonding unit attached to a ring, or two or three of R?, R?, and R* units are taken together

to form a ring, an example of which has the formula:

20



Xvi) -CNG  xvii) -S03M xviii) -0S03M xix) -P(O (OH) R30; xx)
-P(O(R30)R30; xxi) -P(O(OH) 2; xxii) -SO2NH2; xxiii) -NO; xxiv) and
m xt ures t hgoeobgsoddon-1imting exanples of Wunits which ¢efiksisgsa B
bondi ng units have the formula: SUY TUB N NHZ NH2 PCT/ US02/ 13340 unit
having at |least two hydrogen SUB Ili H NyNyNH NTH 15 0 SUB O | HN NHz
TUB N NyNH2 NH Anot her aspect of B units relates to R2, R3, and R4 units

one of which conprises a 20 hydrogen bonding unit attached to a ring, or
aken toget her

two or three of R2, R3, and R4 unitsH are g
PO
H N.
OH
Y
HN” Y0

Further examples of this aspect of W units have the formula:



to forma ring, an exanple of which has the formula: suz I HNMi H SUB
NH2 H'V 0 .20 WO 02/ 085925 OH Furt her exanples of this aspect of Wunits
have t he f gigaslesse2$OH PCT/ US02/ 13340 | 5 OH 21 WO 02/ 08592BCP(S021i8038/ 13340 Y
units have the fornula: 5 -L-R15 wherein R5 is a heteroatom containing
group. The first aspect of Y units relates to short chain al kyl or al kenyl
(I ower hydrocarbyl) esters having the formula: . (CE)b- Ris 10 wherein
the index b is froml to 4, R5is a linear ester or amde, non-limting
exanpl es of which include: -C(O 2. - C(O OCH2CH2CHS;

-C(O) OCH2CH2CH2CH3; - C( O OCH( -C(O) OCH2CH[ CH3) 2; - C( O OCH2CH=CHCHB3;
-C( O OCH2CH2CH( CH3) 2; - C( O OCH ¥3: - OC( O ~~0C( O) CH2CH3;

- OC( O CH2CH2CH3; -0OC( O CH(CH3) 2

Y units have the formula:
5 — 1 —RI!
wherein R* is a heteroatom-containing group.
The first aspect of Y units relates to short chain alkyl or alkenyl (lower hydrocarbyl)
esters having the formula:
— (CH)y—R"”

10 wherein the index b is from 1 to 4; RY is a linear ester or amide, non-limiting examples of which
include: -C(O)OCH;; -C(0)OCH,CHj; -C(0)OCH,CH,CHj; -C(0)OCH;CH2CH,CHj; -
C(O)OCH(CHs3),; -C(0)OCH;CH(CH3),; -C(0)OCH,CH=CHCHj; -C(0)OCH2CH,CH(CHy)y; -
C(0)OCH,C(CHba)s; -OC(0)CH;; -OC(0)CH,CH,; -OC(O)CH,CH,CHj; -OC(O)CH(CH;)z;
-0C(0O)CH,CH,CH,CHs; -OC(0)CH;CH(CHjs),; -OC(0)CH,CH=CHCHj; -OC(0)CHC(CHs)s;

15 -OC(O)CH,CH,CH(CHj); and the like; and short chain substituted or non-substituted amides,
non-limiting examples of which are -C(O)NHCH;; -C(O)NHCH,CH;; -C(O)NHCH(CHs),; -
C(O)NHCH,CH,CHs; -C(O)NHCH,CH;CH;CH;; -C(O)NHCH,CH(CHj); -C(O)NH; -
C(O)NHCH,;CH=CHCH,; -C(O)NHCH,;CH,CH(CHj),; -C(O)NHCH;C(CHs)3; -
C(O)NHCH:CﬁzSCHg; -C(O)NHCH-CH,OH; -NHC(Q)CHj; -NHC(O)CH>CHj3; -NHC(O)-

20 CH;CH,CHj; -NHC(O)CH;; -NHC(O)CH,CHj; -NHC(O)CH(CHs)z; -NHC(O)CHCH,CHj; -
NHC(0)CH,CH,CH,CH3; -NHC(O)CHCH(CHo,),; -NHC(O); -NHC(0)CH,CH=CHCHj; -
NHC(O)CH,CH.CH(CHj),; -NHC(O)CH,C(CHy)s; -NHC(0)CH;CH,SCHs; -
NHC(O)CH,CH;OH; -NHC(O)CH,; -NHC(O)CH,CHj; -NHC(0)-CH;CH,CH; and the like.

. 22+ . . 7



- OC( O CH2CH2CH2CH3; - OC( O) CH2CH( CH3) 2; - OC( O) CH2CH=CHCH3; - OC( O CH2C( CH3) 3;
15 -OC( O CH2CH2CH(CH3) 2; and the |ike; and short chain substituted or

non- subst i twbadesasisdes, non-limting exanpl es of which arpeTrfsisADBRCH3;
-C(O) NHCH2CH3; -C(O NHCH(CH3) 2; - C(O NHCH2CH2CH3i - C( O NHCH2CH2CH2CH3;
-C(O)NHCH2CH(CH3) 2; -C(O NH2; - C( O NHCH2CH=CHCH3; - C( O NHCH2CH2CH( CH3) 2;
-C(O) NHCH2C(CH3) 3; - C(O NHCH2CH2SCH3; - C( O NHCH2CH2CH; - NHC( O CH3;

- NHC( O) CHZCHS3; -NHC(O) 20 CH2CH2CH3; -NHC( O CH3i - NHC( O CH2CH3;

- NHC( O) CH( CH3) 2 S -

N0l O Oreai o s O Y ety R b Eh 0l Gpricinesnd praifng o) .

- NHC( O mzmqagsaavmmo@x@mzmzscm - NHC( O) CH2CH2OH; - NHC( O) CH3;

- NHC( O) CH2CH3; - NHC( O) - CH2CH2CH3; and e_kiske. 22 WD 02/ 085925

PCT/ US02/ 13340 The second aspect of Y( UAftS relates to noieties, which
conprise gumi&rcﬁtin‘émariﬂmguatﬂdd:ionﬂhemmbﬂsm&nmw ng the formula: - (CH2)z R 5
wherei n 51s a,unit ﬁéﬁ ted fromthe group consisting of, 5

a) - C(X) NeRL6) 2; . b) - cf‘;? 8N(R16h c)- NRL6C( X) N(R16) 2: and d) - NHN(‘RL6) 2;
wherein X is =0,b)=S, GHXDER i xtures thereof, RI16 is hydrogen, nethyl,
cyano, hydroxy, | |tro ures thereof; the index z is fromO to
5. -Non-limti ng exa Bgﬁﬂg)gg]aﬁ(dtm“ ts which conprise this second aspect of
Y units include:dH /-EI*NQ* %%N-C=NH ' NBC=NH H2N H2N 15 H /CH3 -N C--NH -N %

wherein X is =0, =S, NR'S, and mixtures thereof, R'® is hydrogen, methyl, cyano, hydroxy, nitro,
10 and mixtures thereof; the index z is from 0 to 5.
‘Non-limiting examples of R units which comprise this second aspect of Y units include:

H CH H A
' —N —N_ ! ~=N_ —N,
C=NH c=KH JC=NCH; =N
BN BN HN (CEB)NH
A /C"['IJ ;{ A
- N\ - N\ - N\ - N\
o=NH o= JC=NCEH; [C=NH
15 EN BN N (CHINH
H feo N CN
—N_ —N_ —N_ —N
C=NN C=NCN ,C=NCN C==NCH,
NCNH (HCNH HN NC—NH

The third aspect of the present invention as it relates to Y units comprise 5-member

beterocyclic rings wherein R’ is selected from the group consisting of:

20 i) triazolyl having the formula:
NN
N
N
<7
it) tetrazolyl having the formula:
SN N\
L~
N
iii) thiazolyl, 2-methylthiazolyl, 4-mentylthiazolyl, 5-methylthiazolyl having the
25 formula:



HHN FV H CH3

units conprise 5-nenber
group consi sting of:
tetrazol yl

-N

4-ment yl t hi azol yl,

10 1.5

10

15

20

iv)

vi)

vid)

viii)

ix)

X)

xi)

-N\ C=NCN C=NCN NCNH (H3C)NH H H
(FI3)NH -N C=NCHi 3 -N C=NH HIN (CH3)NH . /CN/ CN % -N C=NCN -N C=NCH3
H2N NC- NH TR ob/bdspss aspect of the present invention as it peghbefssio Y

het erocyclic rings wherein R5 is selected fromthe

5- et hyl t hi azol yl

20 i) thazolyl having the forrmula: N -N 25 ii)

having the formula: \N NN N thiazolyl, 2-nethylthiazolyl,
having the forrmula: 23 WO 02/ 085925 5

£y e EY KD

1,3,4-thiadiazolyl, 2-methyl-1,3,4-thiadiazolyl having the formula:

> )

1,2,5-thiadiazolyl, 3-methyl-1,2,5-thiadiazolyl having the formula:

i N o

N, N~s

3 3

oxazolyl, 2-methyloxazolyl, 4-methyloxazolyl, 5-methyloxazolyl having the

“E:\> _E]}—m’ ; m;c—vlti}: Hsﬁ:»;

formula:

imidazolyl, 2-methylimidazolyl, S-methylinﬂdazolyl having the formula:

R\ R\ \
"\N> LN>_CH3 Hsﬁ>

5-methyl-1,2,4-oxadiazolyl, 2-methyl-1,3,4-oxadiazolyl, S-amino-1,2,4-
oxadiazolyl, having the formula:
N ~N N
N\ NN N\
e Ay

1,2-dihydro[1,2,4]triazol-3-one-1-yl, 2-methyl-1,2-dihydro[1,2,4]triazol-3-one-5-

yl, having the formula:

N =N
b E >=0 /N\ N#o
\ H \
H H CH; H

oxazolidin-2-one-3-yl; 4,4-dimethyloxazolidin-2-one-3-yl; imidazolidin-2-one-1-
yl; 1-methylimidazolidin-2-one-1-yl, having the formula:

Jol el seloll

; 0 ;
2-methyl-1,3,4-oxadiazolyl, 2-amino-1,3,4-oxadiazolyl, 2-(N,N-dimethylamino) -
1,3,4-oxadiazolyl, having the formula:

24 '- - - ;- t

-N C=NCH3 - N C=NH H2N

%



PCTI USO2/ 13340 4N> --0_CH3; ~> ;;0 s s ; iv) 1,3,4-thiadiazolyl,

2-nmethyl -1, 3,4-thiadi azolyl having the formula: NS> . -~{- Sv)

1, 2, 5-t hi ady@gnésgd2s 3- net hyl -1, 2, 5-t hi adi azol yl havi ng t hectogsmubsoe Vi)
oxazol yl, 2-nmethyl oxazolyl, 4-nethyl oxazolyl, 5-nethyloxazolyl having the
formula: Op_ H3C vii) imdazolyl, 2-nethylimdazolyl, 5-nethylimdazolyl
having the formula: ESNN2 1 1C1 H HH wviil)

5-nmet hyl - 1, 2, 4- oxadi azol yl, 2-nethyl -1, 3, 4- oxadi azol yI 5-amino-1, 2,4
oxadi azol yl , havmgtheforrrula N O-(N3 \ 3- -~i - Naﬁl 0 ix)

d
1, 2-di hydro[l 2,4]triazol - yiz?ﬁd \ a\)ﬁtg—
2. et hyl - 12d|hydro[124]tr 30n(;L->_Nth theyformula: p N

IN, % HHCH x) oxa;olldanOne ! 4d|mefhloxazolld|n20ne3yl
i m dazol i di n- 2- Ghese R upits wllenﬁaéfﬁmxeﬂm w&%vm@.sﬂecpd&vel@e grpup eBsistipg ok he

fornula: 0 20 xky 2- FRIRYL:-Iwirefr X 86t @212 bnd 2- ami no- 1, 3, 4- oxadi azol yl ,
2- (N N- di net hyl a;n no) RUNRIL E% 4- oxadl azol yI havi ng the forrrula 24

5 afford heterocyclic Y units, non-limiting examples of which include units havmg the formula:
/\'I/\NH =
Nx/ and /\/\é/\> .

A fourth aspect of Y units relates to moieties wherein R*® comprises a six membered
heterocyclic ring, non-limiting examples of which include:

i) pyridinyl units having the formula:

.. DOoo

i) pyrimidinyl units having the formula:

L 0 <D

ﬁ) piperidinyl units having the formula:

0,0, O O~

15 Another aspect of the present invention relates to RY units which are -NH,, and “OH.

However, in the broadest sense, R'® when taken together with a linking group having the—
(CHy),- wherein p is from 0 to 12, R can be any of the units selected from the group consisting
of amino, guanidino, guanyl, amidino, pyrrolyl, 2H-pyrrolyl, 3H-pyrrolyl, pyrazolyl, 2H-

20 imidazolyl, 1,2,3-triazolyl, 1,2,4-triazolyl, isoxazolyl, oxazoy), 1,2,3-isoxazolyl, 1,2,4-
oxadiazolyl, 2H-pyranyl, 4H-pyranyl, 2H-pyran-2-one-yl, pyridinyl, pyridazinyl, pyrimidinyl,
pyrazinyl, piperazinyl, s-triazinyl, 4H-1,2-oxazinyl, 2H-1,3-oxazinyl, 1,4-oxazinyl, morpholinyl,
azepinyl, oxepinyl, 4H-1,2-diazepinyl, indenyl, 2H-indenyl, benzofuranyl, isobenzofuranyl,

~ indolyl, 3H-indolyl, 1H-inolyl, benzoxazolyl, 2H-1-benzopyranyl, quinolinyl, isoquinolinyl,

25 quinazolinyl, 2H-1,4-benzoxazinyl, pyrrolidinyl, pyrrolidonyl, pyrrolinyl, quinoxalinyl, pyrrolyl,

benzimidazolyl, and mixtures thereof.
ZUnpits

Z units have the formula:

25



N N WO 02/ 085925 PCT/ US02/ 13340 \'>-~1i \ )i _)__ 0 ; "J N Cl113. These R15
units when taken together with L units selected fromthe group consisting
of: i) -[Coyaoydsp2s, wherein p is fromO to 12; and u) - ReeiRsdyB3afford
heterocyclic Y units, non-limting exanples. of which include units having
the formula: | ,N N~V and A fourth aspect of Y units relates to noieties
wherein R13 conprises a six nmenbered heterocyclic ring, non-1imting
exanpl es of which include: i) pyridinyl units having the formula: N 10 ii)
pyri m dinyl units having the fornula: ii) piperidinyl units having the
formula: -0 --~ -~ ;~ . 15 Another aspect of the present invention relates
to RLS units which are -NH2, and -OH. However, in the broadest sense, R15
when taken together with a |inking grOLk? Rhg the- (CH2)p- wherein p is
fromO to 12, R15 can be any of the units sghected fromthe group

consi sting of am no, guanidino, guanyl, amdino, pyrrolyl, 2H pyrrolyl,
3H- pyrrol ylwhepb}tr&mqure@lehmdepended@zol yI ~1,2,3-triazolyl, 1,2, 4-triazolyl,

i soxazol yl oxa h#:g%]ﬁ i soxazolyl, 1,2,4- oxadiazolyl, 2H pyranyl,
4H pyranyl, ﬂgr an- , pyridi nyI pyridazinyl, pyrimdinyl,
pyrazi ny?, p| perizi nylleUtsteﬂplilalﬂbﬁthbdmeP}i 2- oxazi nyl ,

2H 1, 3- oxazi nyl ) 4- eXa7 sitintedBF Ri3RHsHitaNKd alkylarylene;
iv) .naphthyl;
v) quinolinyl,
vi) imidazolyl,
10 vii)  indolyl;

viii) pyridinyl; .

i)  Cs-Cro substituted or unsubstxtuted non-aromatic carbot:ychc ring; ‘
X) I C,-Cyo substituted or unsubstituted non-aromatic heterocyclic ring;
Xi) and mixtures thereof;

15 R is hydrogen, -C(X)N(R'®),, -NR), -N*(R'®);D’, -CX)N*R®);D', -NR'*C(X)R", and
mixtures thereof; R'® is hydrogen, C;-Cyo alkyl, or mixtures thereof; R' is C;-Cy linear or
branched, substituted or unsubstituted alkyl, C;-C;¢ linear or branched, substituted or
unsubstituted alkylenearyl; X is oxygen, sulfur, =NR'$, and mixtures thereof; D is a salt forming
anion,

20 In one embodiment of the present invention, R? is hydrogen; R® is indoly! or naphthyl;
and R" is -NHC(O)CH.

However, Z units may comprise a chiral center represented by the formula:

R‘J\'u R9

R0
wherein R®, R®, and R'° are the same as defined herein above.
25 Another embodiment of the present invention comprises Z units, which are tethered to the

conformationally restricted ring component by a T unit comprising -O-, -NH-, -S-, and the like,

having the formula:
o~ LN ~
RQ/'V Rﬂ/‘Y F 7 R
RIO Rlo RIO

wherein R?, R®, and R' are each independently
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azepi nyl, oxepinyl, 4H 1, 2-di azepi nyl, indenyl, 2Hindenyl, benzofuranyl,

i sobenzofuranyl, indolyl, 3Hindolyl, 1Hinolyl, benzoxazolyl,

2H- 1- benzopyo angdse2squi nol i nyl, isoquinolinyl, 25 quinazol ipoyhso2/13340

2H- 1, 4- benzoxazi nyl, pyrrolidinyl, pyrrolidonyl, pyrrolinyl, quinoxalinyl,
pyrrolyl, benzim dazolyl, and m xtures thereof. Z Units Z units have the
formul a: 25 WD 02/ 085925 PCT/ US02/ 13340 R8~ RO R10 wherein R8 and RO are
each independently i) hydrogen; 5 ii) substituted or unsubstituted phenyl;
iii) C7-Cl6 subg )tl tu g‘go%% unsubstituted al kyl aryl ene; iv) naphthyl; v)
qui nolinyl, vi) 10 vii) indolyl; viii) pyridinyl; ix)' C3-Cl0
substituted or ulhsubs'@hsﬂtu@éermmbsmtmmé, carboxyclic ring; x) C2-CL0
substituted or %sub ,%%&gm{g@grﬁgmwe@a] ;Ige&cycl icring; xi) and

m xtures thereof; i s hydrogen, -C(X) 6)2, -N(R 6)2 -N+(R 6)3D",
-C(X)N+(R 6) 3D, iv) NR'n ¥R17 , and mxtures thereof; R16 is hydrogen,
d-Cl0 ad kyl, orv)m X {qhih €y i hereof; R' is C1-Cl6 li-near or branched,

subst.i tuted or subst; tu@gd al kyl, C7-Cl16 linear or branched, substituted
or unsubstltuté( al H}‘fj ryl; X is oxygen, sulfur, =NR36, and mi xtures
thereof; D is aviiplt iddelylyi ng anion. 20 In one enbodi nent of the pr esent

i nvention, R8 is.. ydrogﬁn'ﬁ, RO is indolyl or naphthyl; and R10 is

- NHC( O CH3. Howe i'ts may conprise a chiral center represented by

the formnul a: ix) and mixtures thereof;
10 In one embodiment of this T unit comprising tether, R® and R’ are each a hydrogen and
R is selected from:

i) substituted or unsubstituted phenyl;
if) C7-Cm substituted or unsubsututed alkylarylene,
iii) naphthyl, elther o or (3 linked;

15 iv) quinolinyl,
"v) imidazoly],
vi) indolyl;
vii)  pyridinyl;
viii)  and mixtures thereof;
20 Receptor Ligands and Embodi §

One aspect of the present invention relates to a combination of the different aspects of W
pendant units with a variety of conformationally restricted A rings and various Y and Z pendant
units. Several aspects of W units comprise a di-peptide backbone, di-peptides, or di-peptide
mimetics, These variations of W can be combined with any size conformationally restricted ring,

25 for example, the 5, 6, and 7 atom rings which provide receptor ligand scaffolds having the

formula:

f %’ g

N H/NIG H I

H
H‘NIQ Ao N~ "o
R)\(O R)\(o R*fo
N Y N Y N, Y
e O - O

T T

z ! \z



/~"l RO ~ Rto wherein R8, R9, and R10 are the sanme as defined herein
above. 25 Anot her enbodi nent of the present invention conprises Z units,
whi ch are @b bgssdsto the conformationally restricted riper/gsi3asient by a
T unit conprising -0-, -NH, -S-, and the like, having the fornula: N.

or RB-~_R9 or Rto wherein R8, R9, and R10 are each independently .26 . WO
02/ 085925 PCT/ US02/ 13340 i) hydrogen; ii) substituted or unsubstituted

phenyl; iii) C7-Cl6 substituted or unsubstituted al kyl aryl ene; iv)
nap ht hy l; avh\%em é Qght M sul%l ﬁ)[eakt ope u;[(n . I.l¥ lrmg T'ng émﬂo@ﬁm}ltydf the féhéﬂ
pyr|d|nyI I X m Xt u ereo I'n One enmbodi nment P his T unit

conpri si ng m\@nﬁmrﬂlusmséwmmmf @émqndantrsyw@g@ﬁ Vélﬂféithq:@?.@mia@f Q@I%ﬁ #d from
i) substituyf gt#onep aﬁtr'ét@atve t&tt@s@zerahﬁaxlmﬁhﬂd)m&?a@lﬁ peridt LhitsUtnGgk OF

unsubstituted al k l'ene; iii either_a or 0 linked; 15 iv)
qui nol i nyl exaq;gles,a ve Btpgﬂcan be the 31de cham of an amino acid while F units can be hydrogen o

5 a smtable cappmg group. )
- " Ina first embodiment of this aspect Risan aryl unit, Wisa dt-pepttde mimetic
comprising G and F units as defined herein below.
F units comprise:

a) hydrogen;

10 b) SUB units; non-limiting examples of which include
i) -NHCX)R*;
if) -C(X)R*;
i) -CENR®); :
v) R, o . ’ ’
15 ' wherein R¥ is C;-Cp, linear or branched, substituted or unsubstituted alkyl; Cs-

Cy; linear or branched; substituted or unsubstituted cycloalkyl; C,-Cy, linear or
branched, substituted or unsubstituted alkenyl; C3-Cy; linear or branched,
substituted or unsubstituted cycloalkenyl; C;-C;, linear or branched, substituted
or unsubstituted heteroalkyl; C;-C linear or branched, substituted or
20 unsubstituted cycloheteroalkyl; C,-Cy; linear or branched, substituted or
unsubstituted heteroalkenyl; C,-Cy; linear or branched, substituted or
unsubstituted cycloheteroalkenyl; and mixtures thereof.
G units comprise:
a) Cs-C1a substituted or unsubstituted aryl; for example, phenyl, 4-hydroxyphenyl,
25 4-methylphenyl, naphthyl;
b) Cs-C)2 substituted or unsubstituted heteroaryl Cs-C,); substituted or unsubstituted
heteroaryl; for example, indolyl;
c) C;-C,5 substituted or unsubstituted alkylenearyl; for example, benzyl, 4-

hydroxybenzyl;
30 d) C;-C,7 substituted or unsubstituted alkylencheteroaryl; and
e) mixtures thereof.

However, one aspect of the di-peptide mimetic embodiment relates to non-peptide

backbones, for example, receptor ligand scaffolds having the formula;
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Vi)

i ndol yl ;

vii) pyridinyl;

viii) and m xtures thereof;
Li gands and Enbodi nents One aspect of the present

20 Receptor
invention relates to a

combi nat i onwefoz/odxe2sdi fferent aspects of W pendant units yghyseydadol ety of

conformationally restricted Arings and various Y and Z pendant units.
Several aspects of Wunits conprise a di-peptide backbone, di-peptides, or
di -peptide mrnetics. These variations of Wcan be conbined with any size

conformationally restricted ring,
rings which provide receptor

RON'r Y or
PCT/ US02/ 13340

Thi s enbodi ment of the pre ent

25 for exanple,
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wher ei n
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i ndependent substituti & %ﬁ;ch t he
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The present invention also comprises several aspects which relate to the presence of a 4-
carbon atom conformationally restricted segment linking a di-peptide W unit or di-peptide
mimetic W unit and a Z unit.
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F units conprise: a) hydrogen; 10 b) SUB units; non-limting exanples of
which include i) -NHC(X)R30; iv) -C(X)R30; -C(X)N(R30)2; -R30; 15
wher ei n R30wip2/0d59§22 | i near or branched, substituted or wegkR§s 154t €d

al kyl; C3- C22 linear or branched; substituted or unsubstituted cycl oal kyl;
C2-C22 linear or branched, substituted or unsubstituted al kenyl; C3-C22

| i near or branched, substituted or unsubstituted cycloal kenyl; Cl-C22

| i near or branched, substituted or unsubstituted heteroal kyl; Cl-C22

| i near or branched, .substituted or. 20.unsubstituted cycl oheteroal kyl ;

C2 % 11 near oD SmIREREY o B BereflinRRP IR toB e RHEN R
C2- C22 | i nemneating bWaumithedla Z snitist genertldfdrmmia: unsubsti t ut ed

cycl ohet eroal kenyl ; and m xtures thereofs. G units conprise: a) C6-Cl2
substituted or unsubstituted aryl; forexanple, phenyl, 4-hydroxyphenyl,
25 4-nethyl phenyl , naphthyl; b) C6R( ubstituted or unsubstituted
heteroaryl C6-Cl2 substituted or unsubstiituted heteroaryl; for exanple,

i ndol yl ;- ¢) C7-Cl7 substituted or “unsupS™glted al kyl enearyl’; for exanpl e,
benzyl, 4- hydroxybenzyl; 30 d) C3-Cl¥%ssubstituted or unsubstituted

al kyl eneheteroaryl; and e) mxtures thé&ieof. However, one aspect of the
di -peptide mnetic enbodi nent relates t@ non-peptide backbones, for

exanpl e, 1 GR&0L s [OHIARG A6 ALY tRreBRK! NE, 1,1 aldZ M sarhe £ FenliRl Redi? 85925

5 above, the index nis from 1 to 4.

For this embodiment of the 4-carbon atom segment, -J*R units are taken together to form
units selected from the group consisting of C;-Cy; linear or branched alkyl; C¢-C,, substituted or
unsubstituted aryl; Cs-Cy2 substituted or unsubstituted heteroaryl; C,-C;5 substituted or
unsubstituted alkylenearyl; C;-C,; substituted or unsubstituted alkyleneheteroaryl; and niixtures

10 thereof. B
Another example of this aspect has the formula:

i

wherein R, J, L, J*, T, Y, B, and Z are the same as defined herein above; the index n is from 1 to
4.

15 One aspect of the receptor ligands of the present invention relates to conformationally
restricted 4-amino acid containing peptides or peptide mimetics having Y-f-R-W as the core
amino acid constituents, [tyrosinyl-D-phenylalanylargininyltryptophanamide (Tyr-D-Phe-Arg-
Trp-NH,)], having a primary template with the general formula:

v

A

!

" 20 wherein the T unit at position-4 is -NH; the J units at position-3 and position-6 are each ~C(O)-,

\

J

)

Z

thereby providing a conformationally restricted ring having the formula:



H N O NCHO R Zor or Zori Zz Ny CNY or (or ZNHNJ, G ~-GR'~
O R--fONy CXyor ZZ5 Z Z PCT/US02/ 13340 The present invention also

conpri ses s@\oRaksoaspects which relate to the presence of gysogfdsaPn atom
conformationally restricted segnment |inking a di-peptide Wunit or
di -peptide mnetic Wunit and a Z unit. R-'") O If 29

Y
yA rix (o)
H
Another embodiment of the tyrosiqyl-_D-phgnylalapyl- moiety comprising W unit relates to
compounds, an example of which is the recéptor ligand baving the formula:

r

[Ty)
[D-The]

g

o e

5 Another variation of the conformational restriction of a tetra-peptide relates to the 4
residue peptide having H-f-R-W as the core amino acid constituents, histidinyl-D- |
phenylalanylargininyltryptophanamide (His-D-Phe-Arg-Trp-NHa), is conformationally restricted,
and further optionally modified, to form one or more primary templates having the general

formula:

W W
/ |
T T. .Y
o - LT
z” z7 T

wherein W is a His-D-Phe- moiety. Due to the presence of the histidine amino acid unit as part

10

of the W unit, this embodiment comprises a B unit having a heterocyclic R* unit, which
encompasses a the aspect of B units which relates to conformationally restricted hydrogen
bonding B units. Variations of this ring structure wherein Y and Z units are modified as well as J
15  units, comprise an embodiment of the present invention which is reflected in the enumerated
examples herein below.
The following are non-limiting examples of embodiments of this conformationally
restricted template:



WO 02/ 085925 PCT/ US02/ 13340 One enbodi nent of the present invention
relating to anal ogs having a four-atom segnent connecting a Wunit and a Z
unit has gewerealosfgs nula: LiB R J*~ J (J\ wherein T is -pgusoz/idsso and

m xtures thereof; R J, L, Y, B, and.Z are the sane as defined herein 5
above; the index nis from1l to 4. For this enbodi nent of the 4-carbon atom
segnent, -J*R units are taken together to form units selected fromthe
group consisting of Cl-Cl2 linear or branched al kyl; C6-Cl2 substituted or
unsubstituted aryl; Cl2 substituted or unsubsfgtuted heteroaryl; C7-C17
substituted or unsubs(,:&i'tut ed al kyl enearyl; C3-Cl7 substituted or
unsubstituted al kyl e eteroaryl; and m xtures fIP‘ t hereof. Anot her exanple
of this aspect has t e[orrml as iBRJ+J Na3jgm.Z .-1T wherein R J, L,
J*, T, Y, B d Z a he sane defineg herei n{above; thg"index nis

fromlto 4. One & recept | i gass 0 ent

i nvention rglgtels tq confor matllqona ly i -.am no laci d” cont ai ni ng
pepti des or e Mrinteé cs  hAvi ng Y- as”the” core ino acid
constituentS—/[tyrosi é,yl - D phenyl al any i ni nyl t,'{ypt ophanam de

(Tyr-D-Phe-Arg- Trp-NH2)], having a primary tenplate with the general
formula: w I, TY. J6 1Y ‘ _

1 | rl"rr] |
O mim] Nj‘]‘\ﬂh l:he ] N ENHI
QLT QL

Another embodiment of the present invention relates to 5-member ring MC4 and MC4
an/or MC3 receptor ligands, for example ligands having a conformationally restricted template

having the formula:
w
1
17 Y
T
i
10 z
with modifications made thereto to provide the following non-limiting examples of receptor
ligands:

.32 S



Z~,ar' 11J 20 wherein the T unit at position-4 is -NH, the J units at

position-3 and position-6 are each -C(O -, thereby providing a
conf or mat i opa@bipsssdstricted ring having the fornmula: 30 Wor-@rkA39%45
PCT/ US02/ 13340 w | O-e_ NVX Anot her enbodi nent of the

tyrosi nyl - D- phenyl al anyl noiety conprising wunit relates to conpounds, an
exanpl e of which is the receptor ligand having the forrmula: 5 Another
variation of the conformational restriction of a tetra-peptide relates to
the 4 residue peptigle having Hf-R-Was the ,gore am no acid constituents,
hi stidinyl-D- phenylhl anyl ar gi ni nyl t rypt ophanhni de (Hi s- D- Phe- Arg- Tr p- NH2) ,
is conformationally bstricted, and furthernEptionally nodi fied, to form
one or nore prinarXDdEnplates having the genefal formula: or 10 Z wherein
Wis a His-D Phe- nojety. Due ta the presendefidf the histidine am no acid
unit as part of_ the ittt s enbodi nent gonprises B unit having a
het erocyclic R4 juni\t, i €h ¥ncHfpasses a tfhe Rguni ts which
relates to c oryEt i onal |y rkestricted hydr: bond@pg B units.
Variations of thig ring structure wherein and Z units are nodified as
well as J 15#@nntS, conprise an enbowi t /of the present invention which
is reflected t he enunerated exanples/herein below. The follow ng are
non-limti kanpl es of enbodi ments his conformationally restricted
tenpl at e: A0 02/ 085925 r I T a]

The following is a non-limiting description of several embodiments of the present
invention. The following is a key to the succeeding tables of conformationally restricted MC-4,
MC-3, and MC-4 and MC-3 receptor ligands.

5 ‘ The following are poﬁ-limiting examples of conforn?étiénally restricted rin:‘gs indicating
the position of the W, Y, and Z units . '

Y Y Y ¥
Sjtr‘y o§§fET—Y Ny . Ny
. \ ((J‘ﬁ
z z z z
C D

A B

z z z z
E P G H
10
W W w w
! N !
o Y Y zeyrBNoaY E I
)
0 Noe
z z z
I ] K L

- 33



ITr) [DThe] INHII i [Dr1 51 HHH Another enbodi nent of the present

I nvention relates to 5-nenber ring M4 and M4 an/or MC3 receptor | i gands,
for exanpl ey havi ng a confornatlonally restricted ¢ avi ng
t he fornul a: 1Ogﬁ€vg%J|T~-Y T)--- J Z wth nodifications ma e t e/ira'%iog to
provide the followi ng non-limting exanples of receptor ligands: f1° (NI
NI -12 PCT/US02/ 13340 H[D-ihe] NH 1 32 WD 02/085925 PCT/ US02/13340 r' [D
rlul 11 NNHZ H The following is a non-limting description of several
enbodi nents of the prqgent

N

e

fodiodio gl e

One embodiment of the present invention comprises 3-guanidinopropyl Y units attached
to rings A-W, however, another aspect of the present invention substitutes the following Y units
for 3-guanidinopropyl. Y units are selected from the group consisting of:

i) «(CH;);NHC(=NH)NH,;

10 i) -(CH;)sNHC(=NH)NH;;

iii)  «(CHg)sNHC(=NH)NH;;

iv) ~(CHy);C(=NH)NH;

V) «(CHz)4{C(=NH)NH;;

vi)  ~+(CHa)sC(=NH)NHz;

15 Vll) -(CH;);NHZ;
viii)  -(CHp)JNHz;
ix)  -(CHyp)sNH;;

7_() -(CH)¢NH;.

20 The first category of receptor ligand analogs according to the present invention relates to
conformationally restricted rings comprising a pyrrolidine scaffold having the formula:



I nvention. The following is a key to the succeeding tabl es of
conformationally restricted MC-4, MZ3, and MC-4 and MC-3 receptor

l'i gands. Theef9bdsex ng are non-limting exanpl es of conforpEahisenabley
restricted rings indicating the position of the W Y, and Z units. www w

NNN ., N1I0F~i HN zz ABCww | | NYNY 0" 1 I ZzBw | D
w I ONY'~~~HNNZGHwwOwW
¥
0
I
YA

wherein each carbon indicated with an asterisk can have any conﬁguration.' Table I relates to non-
limiting examples of analogs comprising a first aspect of this category, said analogs having the

5 formula:

3
. R& RR‘
\/*t
_ H‘N \o
’ * R\/kfo
- ) . . "
t o
) N_w
) . _ _ N NH,
A ik
/LH
R Ny

wherein R, R?, R%, R*, and R’ are defined in Table I, however, the 3-aminopropyl intermediates
as described in Example 1 are also suitable receptor ligand analogs and represent an iteration of

10 this aspect of the present invention.

TABLEI
No. R R* R’ R* R’
1 phenyl -NHC(O)CH; H benzyl - phenyl
2 benzyl -NHC(O)CH; H benzyl phenyl
3 3-fluorophenyl -NHC(O)CH3 H benzyl phenyl
4 4-fluorophenyl -NHC(O)CH; H benzyl phenyl
5 3,5-difluorophenyl | -NHC(O)CH; H benzyl phenyl
6 4-chlorophenyl -NHC(O)CH; H benzyl phenyl
7 4-hydroxyphenyl | -NHC(O)CH, H benzyl phenyl
8 phenyl -NHC(O)CH, H 4-imidazolylmethyl phenyl
9 benzyl -NHC(O)CH; H 4-imidazolylmethyl phenyl
10 3-fluorophenyl -NHC(O)CH, H 4-imidazolylmethyl phenyl

w
[4/]



N . - _N
W |

A-W however,

following Y units

PNY Z~-J~ Uy r

group consisting of.

N'j~o |

Z |

N .. CaY J KL 33 WD 02/085925 M::
ZNOHQ5ZR,0SP T PCT/US®2/ 13340 U V W One enbodi nent of the
present i nwe@bi/eessxsonprises 3-guani di nopropyl Y units attgehRiedBRsafe NYS

anot her aspect of the present [
for 3-guani di nopropyl .

i nvention substitutes the
Y units are selected fromthe

11 4-fluorophenyl -NHC(O)CH; H 4-imidazolylmethyl phenyl
12 3,5-difluorophenyl | -NHC(O)CH,3 H 4-imidazolylmethyl. phenyl
13 4-chlorophenyl -NHC(O)CH; H 4-imidazolylmethyl phenyl
14 4-hydroxyphenyl -NHC(O)CH, H 4-imidazolylmethyl phenyl
15 Pphenyl -NHC(O)CH; H 4-chlorobenzyl _ phenyl
16 benzyl NHC(O)CH, | H 4-chlorobenzyl phenyl
17 3-fluorophenyl ~-NHC(O)CH; H 4-chlorobenzyl phenyl
18 4-fluorophenyl -NHC(O)CH; H 4-chlorobenzyl phenyl
19 3,5-difluorophenyl | -NHC(O)CH; H 4-chlorobenzyl phenyl
20 4-chlorophenyl -NHC(O)CH; H 4-chlorobenzyl phenyl
21 4-hydroxyphenyl -NHC(O)CH; H 4-chlorobenzyl phenyl
‘ 22 phenyl -NHC(O)CH; H 4-hydroxybenzyl phenyl
. | 23 ‘benzyl NHC(O)CH, | H 4-hydroxybenzyl | - phenyl
2% | 3-fluorophenyl -NHC(O)CH; H 4-hydroxybenzyl phenyl
25 4-fluorophenyl -NHC(O)CH;, H 4-hydroxybenzyl phenyl
26 3,5-diflucrophenyl | -NHC(O)CH, H 4-hydroxybenzyl phenyl
27 4-chlorophenyl -NHC(O)CH; H 4-hydroxybenzyl phenyl
28 4-hydroxyphenyl -NHC(O)CH; 'H 4-hydroxybenzyl phenyl
29 phenyl -NHC(O)CH, H benzyl 2-naphthyl
30 benzyl -NHC(O)CH; H benzyl 2-naphthyl
31 3-fluorophenyl -NHC(O)CH;, H benzyl 2-naphthyl
32 4-fluorophenyl -NHC(O)CH; H benzyl 2-naphthyl
33 3,5-difluorophenyl | -NHC(O)CH, H benzyl 2-naphthyl
34 4-chlorophenyl ~NHC(O)CH; H benzyl 2-naphthyl
35 4-hydroxyphenyl -NHC(O)CH, H benzyl 2-naphthyl
36 phenyl NHC(O)CH; | H | 4-imidazolylmethyl | 2-naphthyl
37 benzyl -NHC(O)CH; H 4-imidazolylmethyl | 2-naphthyl
38 3-fluorophenyl -NHC(O)CH, H 4-imidazolylmethyl | 2-naphthyl
39 4-fluorophenyl -NHC(O)CH; H 4-imidazolylmethyl | 2-naphthyl
40 3,5-difluorophenyl | -NHC(O)CH, H 4-imidazolylmethyl | 2-naphthyl.
41 4-chlorophenyl -NHC(O)CH; H 4-imidazoly1tnethyl 2-naphthyl
42 4-hydroxyphenyl -NHC(O)CH;, H 4-imidazolylmethyl | 2-naphthyl
43 phenyl -NHC(O)CH; H 4-chlorobenzyl 2-naphthyl

36
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10 15 i)-(CH2) 3NHC(=NH) NH2; i) - ( CH2) ANHC( =NH) NH2; i) - ( CH2) SNHC( =NH) NH2;

i v)-(CH2) 3C(=NH) NH2; v) - (CH2)4C(=NH) NH2i vi) - ( CH2) 5C(=NH) NH2i

vii) - (CH2) 30bRzosehdsi ) - (CH2) 4ANH2; i x) - (CH2) 5NH2;  x) - ( CH2) 6Nl /ysafialie fi rst
category of receptor |igand anal ogs according to the present invention
relates to conformationally restricted rings conprising a pyrrolidine
scaffold having the fornula: 34 WD 02/ 085925 PCT/US02/13340 1 W Nww Y O
| wherein each carbon indicated with an asteri sk can have any

' ; r ol ates—t o non tiwti-no—exams-es—aof—aral-aas
Compr 151 g 4011} ot JERLL of | CIPCCLTaghr o1 o a+ SHEPBRS ha) PAAERL
fornula: H wiser El B-prro%nle?, RHCSWL?, ?‘EE,« jf&f4@obeﬁzﬁy’l’abl e-nhphtliyﬂ)wever,
:[sBiet ;?ren : ecpt pr 4Tqﬁ8§?h%]°lﬁ¥anab GNECSH b dent afereient on 'anaﬁhfglf hi s
aspect of |t @ pf aSeliftuotaphenyll | CNHC{YEHE | Nd. RRRRéHEhlorobenzyl 2-naphthyl
| ' 48 A4-chlorophenyl " | -NHC(O)CH,3 H 4-chlorobenzyl | 2-naphthyl

49 4-hydroxyphenyl | -NHC(O)CH, H 4-chlorobenzyl 2-naphthyl
50 phenyl -NHC(O)CHj3 H 4-hydroxybenzyl | 2-naphthyl
51 benzyl -NHC(O)CHj; H 4-hydroxybenzyl | 2-naphthyl
52 3-fluoropheny! -NHC(O)CH; H 4-hydroxybenzyl | 2-naphthyl
53 4-fluorophenyl -NHC(O)CH; H 4-hydroxybenzyl | 2-naphthyl
54 3,5-difluorophenyl | -NHC(O)CH,3 H 4-hydroxybenzyl | 2-naphthyl
55 || 4-cblorophenyl | -NHC(O)CH, H 4-hydroxybenzyl | 2-naphthyl
56 . 4-hydroxyphenyl -NHC(O)CH, H 4-hydroxybenzyl | 2-naphthyl
57 4-fluorophenyl H H ~ benzyl 2-naphthyl
58 phenyl H H benzyl 2-naphthyl
59 4-fluorophenyl H H 4-hydroxybenzyl 2-naphthyl
60 phenyl -NHC(O)CH; H .| 2-naphthylmethyl | 2-naphthyl

The following is an outline of a synthetic pathway for preparing analogs 1-60, however
other embodiments of the pyrrolidone scaffold can be prepared using modifications to this general

scheme.
5
?(O)OC(CHa)a ?(O)OC(CHa)a
N .
p 5 =
Reagents and conditions: (&) (Boc),0, TEA, 0°Ctort;
(b) TMEDA, sec-Bulj, -78 °C to -40 °C; CH,=CHCH,Br, -78 °Cto rt.
ﬁXO)OC(CI'E)s ?(O)OC(CHQ:
N_ .
(Y - SJM
78) _ For Compounds 60-88 R = phenyl
89-120 R® = 2-naphthyl
R9
10

Reagents and conditions: (c) NaH, PhCH,Br (analogs 60-88), NaphCH,Br (analogs 61-120), 0 °Ctort.



1phenyl - NHC( O) CH3Hbenzyl phenyl 2benzyl - NHC( O CH3Hbenzyl phenyl

33-fl uor ophenyl - NHC( O) CH3Hbenzyl phenyl 44-fl uor ophenyl - NHC( O) CH3

' Hbenzyl pheryg o28sf2s di f | uor ophenyl - NHC( O) CH3Hbenzyl phenyl  petusez/13340
64- chor ophenyl - NHC( O CH3Hbenzyl phenyl

74- hydr oxyphenyl - NHC( O) CH3Hbenzyl phenyl

8phenyl - NHC( O) CH3H4- i m dazol yl net hyl phenyl

9benzyl - NHC( O) CH3H4- i m dazol yl et hyl phenyl

103- f | uor ophenyl - NHC( O) CH3H4- i m dazol yl met hyl phenyl . 35 WD 02/ 085925
PCT/ US02/ 13340 114-f1 uor ophenyl - NHC( O) CH3H4- i m dazol yl et hyl phenyl
123, 5-di f | uor ophen@OONEEE O) CH3HA- | fPE|ED) yI et hyl . phergq))OC(CH;)s

134- chl or ophenyl H4- 1 m damgl phenyl N
144- hydr oxypheny|£|\|§g O)%%mw%ylwyl j—f\/\osozCHs
15phenyl - NHC( O - chl or obenzylsphenyl

16benzyl - NHC( O H4- chl or obenzy] phenyl /‘L
173-fl uorophe IC( O CH3H4- gt benzyl phenyl g~H

184- f | uor ophenyl - NHC( O) CH3H4- chl or obenzyl phenyl

193, 5- di f | uor ophenykegEpdCpratippu Bif{THF B aﬂﬁ}rpﬁé%ﬁozﬂ TEA, 0°Ctot.
204- chl orophenyl - NHC( O) CH3H4- chl or obenzyl phenyl

214- hydr oxyphenyl CHBH4- chl or obe nyl

22phenyl - NHC( O Clﬁglésl!gﬁ P oxybenzyl phen%lé)\%(e@)e E
23benzyl - NHC( O 8egzylph 8 N
243-f 1 uor ophenyl - O) CH3H4- hydr oxyb yl phenyl ' ’
254- f | uor ophenylo”NHC( O) CH3H4- hydr oxygdenzyl phenyl

263, 5-di f | .uor op Ej\gl - NHC( O) CH3H4- h %ybenzyl phenyl /LH
274-chl orgppheﬁyl C( O) GH3H4- hydr dXybenzyl phenyl BT

," Reagents and conditions: (f) NaN3, 70°C; (g) TFA-H,0-CHyCl, 1t

C(CHy)3
H_ o
N N
N3 h N3
—
Reagents and conditions: (h) Boc-D-Phe (analogs 1, 8, 15, 22, 29, 36, 43, 50, 58, and 60), Boc-homo-D-Phe (analogs 2,
10 9,16, 23, 30, 37, 44, and 51), Boc-D-Phe(3-F) (analogs 3, 10, 17, 24, 31, 38, 45, and 52), Boc-D-Phe(4-F) (analogs 4,
11, 18, 25, 32, 39, 46, 53, 57, and 59), Boc-D-Phe(3,5-F) (analogs 5, 12, 19, 26, 33, 40, 47, and 54), Boc-D-Phe(4-Cl)
(analogs 6, 13, 20, 27, 34, 41, 48, and 55), Boc-D-Phe(4-OH) (analogs 7, 14, 21, 28, 35, 42, 49, and 56); 1-
hydroxybenzotriazole, N-methylmorpholine, 1-(3-dimethylaminoopropyl)-3-ethylcarbodiimide, rt.

OC(CHy)3
o L o

iy
S UL

H
Reagents and conditions: (i) TFA-H;0-CH;Cl,, 1t.
.38 - !
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284- hydr oxyphenyl - NHC( O) CH3H4- hydr oxybenzyl phenyl

29phenyl - NHC( O CH3Hbenzyl 2- napht hyl 30benzyl - NHC( O CH3Hbenzyl 2- napht hyl
313- f | uor opheybssdsC( O CH3Hbenzyl 2- napht hyl PCT/US02/13340
324-f | uor ophenyl - NHC( O) CH3Hbenzyl 2 napht hyl

333, 5-di fl uor ophenyl - NHC( O) CH3Hbenzyl 2- napht hyl

344- chl or ophenyl - NHC( O) CH3Hbenzyl 2- napht hyl

354- hydr oxyphenyl - NHC( O) CH3Hbenzyl 2- napht hyl

36phenyl - NHC( O) CH3H4- i mi dazol yl net hyl 2- napht hyl

37benzyl - NHC( O) CH3H4- i mi dazol yl met hyl 2- napht hyl |

383-f | uor ophenyl - NHC( O) CH3H4- i m dazol yhet h.%?oﬁgmpm hyl

394-f | uor ophenyl - NHC( O FA- i m dazol yl net zﬁght hyl

403, 5-di f | uor ophenyl - NHC( Q) CH3H4- i m dazol yl math napht hyl .

414- chl or opheny! - NHC( G ? i dazol yI net hyl 2¥ naght hyl
424- hydr oxyphenyl - NHC( O -im dazol yl rret‘%w/L\Fé’pht hyl
: 43phenyl - NHC( O) CH3H4- chl or(® - T WD 02/ 085925
PCT/ US02/ 13340 44benzyl -
453-f |1 uor ophenyl - NHC( O H4- chl or obenzyl 2- nap
464- f | uor ophenyl - NHC( O - chl or obenzyl 2- na :
473, 5-di f | uor ophenyl - NHC( Gf CH3H4- chl or obenz&l < t&apht hyl 484-chl oro
- NHC( O) CH3H4- chl or obenz 2- napht hyl phenylyl

451(9)4hhyd|r OX Y crcl,\lhigg.%p %ﬁk%ﬂ(éﬂﬂbffcﬁﬁﬁﬂ%&% 1247 BaE) Iai kM 5 8); N-Ac-histidine (analogs 8-14,
pheny %;% %% S ?éb?[ 3R 43Ng, N-Ac-tyrosine (analogs 22-28, 50-56, and 59);
51benzy| H(CH,Naph)C H(fanoal)é 60) lh mélbe%zo az]:')le. methylmorphohne 1-(3-dimethylaminoopropyl)-3-
ethylcaxbodu@de. rt.

' ]

' 3
H,C(O)NH} R H;CD(O)NH% R
Hy H{

-

eaoo!

N N
R (0} R (8)

N, k N,
S e Y
n/L H
RN R™ "H

Reagents and conditions: (k) H,, Pd/C.

H;oca;)\ R%. :‘ 1‘1:CC(0)NHR‘%;IR‘
S LAy
SJM EJM

R i R’

10

Reagents and conditions: (1) BocNHC(SCH;3)=NBoc, HgCl;, .

.39 .



523-f 1 uor ophenyl - NHC( O) CH3H4- hydr oxybenzyl 2- napht hyl

534-f | uor ophenyl - NHC( O) CH3H4- hydr oxybenzyl 2- napht hyl

543, 5- di f | ueswoogivesygs - NHC( O) CH3H4- hydr oxybenzyl 2- napht hyl  per/use/13340

554- chl or ophenyl - NHC( O CH3H4- hydr oxybenzyl 2- napht hyl

564- hydr oxypheel yl - NHC( O) CH3H4- hydr oxybenzyl 2- napht hyl

574-f | uor ophenyl HHbenzyl , 2- napht hyl 58phenyl HHbenzyl 2- napht hyl

594-f | uor ophenyl HH4- hydr oxybenzyl 2- napht hyl

60phenyl - NHC( O) CH3H2- naght hyI met hyl 2-naphthyl Thg following is an outline
of a synthetic patHfNH preparing anal o Rhowever ot her

enbodi nents of the p (;I‘i;jone scaffold can be priepared using nodifications

to this general sche pOaa3)3 YO)OC(CHB)g\ Reagent s and

conditions: (a) (qu2 &A 0 Cto rt; (b)RT DA, sec-BuLi, -78 Cto -40
C, CHz2=CHCH2Br, -78 A. ED O 13)3 C rrpounds -88 RO =
phenyl 89-120 R9. 2-nap s and condlt H, PhCH2Br
(anal ogs: 60- 88) , Naphdél?m -1201).,..0 q"O)Gi'.’i(CHS)S 37 WO
02/ 085925 0OS02CH3 O—Inj;

a _

R’ R’

Reagents and conditions: (m) TFA:CH,Cly:anisole, rt.

PREPARATION OF PYRROLIDINE SYNTHETIC INTERMEDIATE

5 The following is a procedure for preparing the pyrrolidine scaffold intermediate having
the formula: : '
. ’ H H } 1
|
N
jOae
o)
RQ HH

wherein for this example R’ is a 2-naphthyl moiety.
10 2-5-(3-Azidopropyl)-4-R-(naphthalen-2-ylmethoxy)-pyrrolidine

Preparation of N-Boc-3-R-hydroxypyrrolidine, (1): Di-tert-butyl dicarbonate (14.0 g,
63.1 mmol) is added to a stirred solution of 3-R-hydroxypyrrolidine (5.0 g, 57.4 mol) and
triethylamine (16 mL, 114.8 mmol) dissolved in dichloromethane (58 mI) at 0 °C. The resulting
15  solution is allowed to warm to room temperature and stirred for 4 hours. The solution is then
diluted with dichloromethane (50 mL), washed twice with 1 N HCI and twice with aq. NaHCO,
solution. The organic layer is then dried over Na,SO,, filtered and concentrated i vacuo to give
the desired product (9.9 g, 92 %) as a white solid which is sufficiently pure for use without further
purification.
20
Preparation of N-Boc-2-S-allyl-4-R-hydroxypyrrolidine, (2); A solution of N-Boc-3-
R-hydroxypyrrolidine, 1, (3.0 g, 16.0 mmol), and TMEDA (6.4 mL., 40.1mmol) is dissolved-in
THF (50 mL) and cooled to ~78 °C. To this reaction mixture is added a solution of 1.3 M sec-

butyl htlnum (50 mL) in cyclobexanes with stirring. The resulting orange-colored mlxture is
. .40 ~



H X% H V H Reagents and conditions: (d) BH3-THF, H2Q2/ NaCOH, rt; (e)

CH3S2Cl, TEA, 0 Ctort. H | 5 f PCT/US02/ 13340 F)oc(c H3)3 N g RO" NH

Reagent s argh G5 ons: (1) NaN3170 C (g) TFA- H20- CH2C1 N3 h N3

osol cr3 Reagents and conditions: (h) Boc-D Phe (anal ogs 1?615?&02/1“40

15, 22, 29, 36,43, 50, 58, and 60), Boc-hono-D Phe (analogs 2, 10 9, 16, 23,

30, 37, 44, and 51), Boc-D Phe(3-P) (analogs 3, 10, 17, 24, 31, 38, 45, and

52), Boc-D-Phe(4-F) (analogs 4, 11, 18, 25, 32, 39, 46, 53, 57, and 59),

Boc- D- Phe( 3, 5-F) (anal ogs.5,, 12,. 19 6, 33, 40, 47, and 54), __,

Boc- D- Phe( A1Q¥eito ‘é”éﬂé‘? 6§sc gnd sgiged éb?ﬂé'f’,m?j{‘e %guedgég%olgdj%) ~78"Cand

Eog -D- PBe( 41Dijordide (AL al.53573 mikédl) ishlided? Shis difxturelid slow, wamnell tb GJom tdmperature

ydr oxybenzotrj azol e nmet hyl nor.phol | ne . . .

Y 7 et RO SHRRSB DO 46 FROPE Hobied sithas Nl sliigp grarecef i g s

and condi t iethpkacetfte §15TE). FTB-ofgalRiCla@er is then drisbowWNGI0H SiB@SandChickiB@Rd #3340 -

Ry~. H Rgagent s . 1 S AR | i ( | QGRaka 70 29- 35,

57, and B8} ¥Rt @cl'q’#?g“guﬂg‘? i gﬁé+%éls “y"’g@f tzl‘l?/i?:'ét%&e?%ﬂo oftofd S“l’a. -
product (2.0 g, 56%} as a clear oil.

Preparation of N-Boc-Z-S-allyl-4-R-(naphthalen'-i-ylmethoxy)pyrrolidine, 3):

Sodium hydride (408 mg, 11.5 mmol) is added in portions to a stixred solution of N-Boc-2-S-allyl-
10  4-R-hydroxypyrrolidine, 2, (2.0 g, 8.8 mmol) in DMF at 0 °C and the reaction mixture is stirred

for 20 min. 2-(Bromomethyl)naphthalene (2.9 g, 13.2 mmol) in DMF(5 mL) is then added and

the resulting solution is stirred for 5 hours at room temperature. The reaction is quenched with

aq. NH,Cl solution arfd extracted twice with ethyl acetate. The combi'ned organic. layers are dried

over NazSO,, filtered and concentrated in vacuo to a yellow oil. The oil residue is purified over
15 silica gel (hexanes/EtOAc, 6:1) to afford the desired product (2.7 g, 84%) as a clear oil.

Preparation of N-Boc-2-S-(3-hydroxypropyl)-4-R-(naphthalen-2-ylmethoxy)-
pyrrolidine (4): A 1.0 M solution of borane-tetrahydrofuran complex in THF (11 mL, 11 mmol)
is slowly added to a solution of N-Boc-2-S-allyl-4-R-(naphthalen-2-ylmethoxy)pyrrolidine, 3, (2.7
20 g, 7.3 mmol) in THF (15 mL) and the reaction mixture is stirred for 0.5 hour, after which H,0O
(4.1 ml) is carefully added followed by the addition of 3.0 M NaOH (7.3 mL) and 33 % H;0; (5.0
mL). This mixture is stirred for 2 hours and then is extracted with EtOAc (50 ml). The organic
layer is dried over Na;SO,, filtered and concentrated in vacuo to a yellow oil. The oily residue is
purified over silica gel (hexanes/EtOAc, 1:1) to afford the desired product (712 mg) as an oil.
25 ' '
Preparation of N-Boc-2-S-(3-methanesulfonyloxypropyl)-4-R-(naphthalen-2-
ylmethoxy)pyrrolidine (5): Methane sulfonyl chloride (0.215 mL, 2.8 mamol) is added to a
stirred solution of N-Boc-2-S-(3-hydroxypropyl)-4-R-(naphthalen-2-ylmethoxy)pyrrolidine, 4,
(712 mg, and triethylamine (0.39 mL, 2.8 mmol).in dichloromethane (6 mL) at 0 °C, and the
30 reaction mixture is then stirred at room temperature for 0.75 hour. The reaction is quenched with
* saturated aq. NaHCO; solution and extracted twice with dichloromethane (25 mL). The
combined organic layers are dried over Na;SQ,, filtered and concentrated in vacuo to afford the
desired product (856 mg, 100%) as an oil which is sufficiently pure for use without further
puriﬁcation: '

4




and 36-42; AcNHCH CH2Phe(4-C )] CO2H (anal ogs 15-21, 43-49), N Ac-tyrosine
(anal ogs 22-28, 50-56, and 59); 5 AcNHCH( CH2Naph) CO2H (anal og 60);
1- hydr oxybewaabnosseasol e, N-net hyl nor phol i ne, 1-(3-di net hyl agrrseprsepy! ) - 3-
ethylcarbodiimde, rt. 3 R& ACCCONH R4 IijCC(ONIRTi H, NH NJ NN3
- k-11. IV~-HRH10 3 H30C(O)NH R4 R H Reagents and conditions: (k) H2,
Pd/C. 3 H3CC(ONH R4 Reagents and conditions: (1) BocNHC( SCH3) =NBoc,
HgCl2, rt. NH2 .39 . WD 02/085925 R  %C(o)NH,t . R~ Reagents and
conditions: (m TFA CH2Cl12: anisole, rt. PCT/US02/ 13340 M 2
Preparation of N-Boc-2-S-(3-azidopropyl)-4-R-(naphthalen-2-ylmethoxy)-
pyrrolidine (6): Sodium azide (361 mg, 5.50 mmol) is added to a solution of N-Boc-2-S-(3~
methanesulfonyloxypropyl)-4-R-(naphthalen-2-ylmethoxy)pyrrolidine, 5, (856 mg, 1.85 mmol) in
5. DMSO (7 mL) and the reaction mixture is stu'red at 70 °C for 3 hours. The_r'eaction is quenc;hcd
with H,O and extracted with EtOAc (30 mL). The extract is dried over Na,SO,, filtered and
concentrated in vacuo to an orange-colored oil. The oily residue is purified over silica gel

(hexanes/EtOAc, 3:1) to afford the desired product (584 mg, 78 %) as a colotless oil.

10 7

Preparation of 2-S-(3-azidopropyl)-4-R-(naphthalen-2-ylmethoxy)pyrrolidine (7): A
prepared solution of TFA:H;0:CH.Cl; (1:0.1:1,20 mL) is added to a round-bottomed flask
charged with N-Boc-2-S-(3-azidopropyl)-4-R-(naphthalen-2-ylmethoxy)pyrrolidine, 6, (2.85g,

15  6.95 mmol) and the reaction mixture is stirred for 1 hour. The mixture is concentrated in vacuo to
give the desired product (3.0 g, 100 %) as a TFA salt. The crude oil is carried forward as an
intermediate in the synthesis of embodiments of the present invention without further purification,

The pyrrolidine synthetic intermediate having the formula:

H
T
20

can be prepared by substituting benzyl bromide for 2-(bromomethyl)naphthalene under the
conditions described herein above for the preparation of compound 3.

EXAMPLE 1

42 .



PREPARATI ON OF PYRROLI DI NE SYNTHETI C | NTERVEDI ATE 5 The following is a
procedure for preparing the pyrrolidine scaffold internmediate having the
formul a: Hwo olossbasherein for this exanple RO is a 2-naphpbylusiznssby. 10

2-S- (3- Azi donronvl) - 4- R- (nanht hal en- 2- vhnet hoxv) -nvrrol i di ne Preparation of
N- Boc- 3- R- hydroxypyrrolidine, (1): D -tert-butyl dicarbonate (14.0 g, 63.1
nmmol) is added to a stirred solution of 3-R hydroxypyrrolidine (5.0 g, 57.4
nol) and triethylamne (16 nL, 114.8 mml) dissol ved in dichloronethane

(58 ml) at 0 C 2088cdtemminbiNnR-[25- ahnﬁd 'S4- HOnBEleh 2-viREHMlYR I O0M
tenperature and stirred.fop OJrsS. e ldtIO |st en di ed wth
dlChl Oronethan _=0_v vlel_lAl XO0-E1}] - - ‘__‘c |||.|| .‘ ) aq'
NaHCO3 solution. The organic |ayer is then dri ed over Na2SO4i filtered and
concentrated in des % as a white
solid which is gu’%ﬁ%@?éﬁﬁ"?&w&"}'b %‘rvcaﬁ 8'3'?[5?(3 %f'ﬂ@’gpygp ﬁa'f i cation. 20

Prepar at § or(nallﬂlthﬂlemlaetﬁovb Pyﬂrolﬁthl-dehxmynopm-l-dnﬂG) 'I:Qi) solufiorsafi2ef-i on of

0 2 ) GBI é’?b‘ﬁ’ﬁa{’?l’ oo 02 p mB U IAAEE, (P T

reacti on mibRtogycarbpnyl)Ripkenylalanien (625 o8 296 mPUD thyb@mtmzolel(@ﬁmmﬂ%o m.) in

aygc?g;amn%m m”o%é, oﬂm srﬂsvbv inﬁﬂ 8%3}0@?92%%\%3%% u[e I SC gnd
T oy o 3) gﬁg‘ylﬁ?fk‘?d&}}n@e hiirorlerine (SOBTmacP-Dapmaliind g kg |y

br om de 16 3.islstifrkd ahtsdimﬁemmdn):e fo3 125! ek, TIhteSctﬁh KlquéhddSvithl sabibaiéd wmgl to L oom
tenperature . wit urs. The reac ed Wt
aqrmNH40I BIfJ‘Eﬂnla%e"i\' %ﬁlr]%ég‘ég%\mil) °e°f$?§71° aé'ﬁre'ts gfsgle‘f‘lélbﬁ?ﬂ_q()ﬁ&?{be organic

I ayer [ s t h:aﬂe_(dotmﬂ) dried rovedNRASROS, ﬁlfereﬂhmoedceauﬁdedmnmmtoraairmh-dolbrdﬂ oflacuo. The
oily r esi d ehrﬁdeoolﬁrrésfidug g p%nﬁed b§'|owrgﬁcagg%i (hgxanesﬂakg (‘3621') %ng%e tf?e EO atford

the desire
product (986 mg, 75 %) as a white solid.

16
Preparation of 2-S-amino-1-[2-(3-azidopropyl)-4-R-(naphthalen-2-ylmethoxy)-
pyrrolidin-1-yl]-3-phenylpropan-1-one (9): A solution of TFA:CH.Cl;:H,;0 (1:1:0.1, 10 ml) is
added to a round-bottomed flask charged with 2-S-N-(tert-butoxycarbonyl)-amino-1-[2-(3-
azidopropyl)-4-R-(naphthalen-2-ylmethoxy)-pyrrolidin-1-y1]-3-phenylpropan-1-one, 8, (986 mg,
20 1.77 mmol), and reaction mixture is stirred at room temperature for 1.0 hour. The solution is
concentrated to give the trifluoroacetic acid salt of the desired compound (1.0 g, 99 %) as a clear

oil, which is sufficiently pure to next reaction without purification.

- Preparation of 2-S-acetylamino-N-{2-[2-S-(3-azidopropyl)-4-R-(naphthalen-2-

25 ylmethoxy)pyrrolidin-1-yl]-1-R-benzyl-2-oxo-ethyl}-3-(4-hydroxyphenyl)propionamide (10):
To a solution of 2-S-amino-1-{2-(3-azidopropyl)-4-R-(naphthalen-2-ylmethoxy)-pyrrolidin-1-yl]-
3-phenylpropan-1-one, 9, (1.5 g, 2.63 mmol), N-acetyl-L-tyrosine (586 mg, 2.63 mmol), 1-
hydroxybenzotriazole (709 mg, 5.25 mmol) and N-methylmorpholine (0.9 mL, 7.88 mmol) in
DMF (8.8 mL) is added 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (564 mg,

30 3.15 mmol) and the reaction mixture is stirred at room temperature for 1 hour. The reaction is
quenched with saturated aq. NH,Cl and extracted twice with EtOAc (75 mL). The combined
organic layers are washed with H,O (80 mL), brine (80 mL), dried over Na,SQy, filtered and
concentrated in vacuo to an oil. The crude oil is purified over silica gel (acetone/CH,Cl,, 3:2) to
afford the desired compound (1.03 mg, 60 %) as a white solid.
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product (2.0 g, 56% as a clear oil. Preparation of

N- Boc- 2- S-al | yl - 4- R- (napht hal en- 2-yl net hoxy) pyrrolidine, (3): Sodium
hydride (4@ oxpssskd. 5 mmol) is added in portions to a stipceadsenssgpi on of
N-Boc-2-S-allyl 10 4-R-hydroxypyrrolidine, 2, (2.0 g, 8.8 mvol) in DV at O
C and the reaction mxture is stirred for 20 mn.

2- (Bronmonet hyl ) napht hal.ene (2.9 g, 13.2 nmmol) in DMF(5 nlL) is then added
and the resulting solution is stirred for 5 hours at roomtenperature. The
reaction is quenched with ag. NHACLl solution and extracted twice with
ethyl acetate. The conbi ned organic, layers are dried over Na2SO4,
filtered and coRmepatation ef®-S-acetydamiao-No{2¢2:5eBlaminopidpyl)-FA-R-(muphthalesi2due i s

purified OV tﬂ&gﬁ}%&oﬁﬁmﬁe}q i.ﬁ%ﬁggﬁ/ogﬁ %29.36(4 %kdgogyﬁxfeﬁﬁquoﬁlmnﬁ@es' red

product (2 ear ol'l

N- Boc- 2- S- (1) h@na@lw@mf S yepylamipo- Nd&dﬂrﬁﬂ&p@w mopsrfeR Kepphthalensdyimsthogdne (4):

B e oni® AR - RGNS 6 YIS GLhaRsky G Bloplfankials 101k 088,156 | Mol)
N Bote o L. amop end;pyding o 08 rme) i ethancd (SRR PUEvtreand 0 o 7. 3

ol ) in ThEwei Etpmha)dmaml chiBén (rse@ﬁg) i theATaddbA! 'Ehid réactdnl thix@ek it Gtirre@ irba hoUT
after which H2 Pi‘ %ISC ull%l glgeglfoltérw%)llt XQ}{J“S addi ti on of
3.0 M NaOH (df°8§“ﬁ‘|‘_’3°s frg 153 by reagtion is then filt opgh,ang HeIP FO8Y for 2

hours and tHeemtalyst asiihé filahte i cohdeltratdd DAcackHid yield) an embedimeég anihe prefeayer i s dri ed

over SO4 fl| red necentrated in vacua to a yellow oil. The oily
r esi dtlg%l s %f’ Feove? ag?‘ﬂ%?%é%% (hexanesf Et OAc, 1:1) to afford the

desired pr od u ct Ttu? pi2cadure cancbeaseddd maketbe Famipopreptyl malogsf which represent one

%E&Chgx; pyrr gﬁﬁg‘whg@wsmane sﬁ%t?nga}ls;%bmhg?orl d &ilg?ezsfgimenﬂy 5 torrrml )

is added t e ased gqucply @gﬂlg gqemrgt@n of,guanidino-pyrrolidine analogs of the present 1nvent10n

- N Boc- 2- S—(3 hydroxypropyl) 4- R- (napht hal en- 2-yl net hoxy) pyrrol i dine, 4,
(712 ngy, and triethylamne (0.39 n_._ 2.8 mpl) in dichloromethane (6 nl) at
0 C, an the 30 reaction mixture |5W@2rred at room tenperature for
0.75 hour. The reacj.g.geeﬁ : A e ‘ @dphthatell-O3 sol uti on and
extracted twice wt ed organic |ayers
are dried over Na2804, Fer

Hetaa coHcen raetter to afford the
desired product (856 ny, 1oqmmmmgm@mglauffu ciently pure for use
w thout further purification. 41 WO 02/085925 PCT/ US02/ 13340 Preparation
of N-Boc-2-S-(3-azidopropyl)-4-R (napht hal en-2-yl net hoxy) -

20 Preparation of 2-S-acetylamino-N-{1-R-benzyl-2-[2-S-(3-N,N’-bis(tert-

butoxycarbonyl)guanidinopropyl)-4-R-(naphthalen-2-ylmethoxy)-pyrrolidin-1-yl}- 2-oxo-
ethyl}-3-(4-hydroxyphenyl)-propionamide (12): Mercury(II) chloride (113 mg, 0.24 mmol) is
added to a solution of 2-S-acetylamino-N-{2-[2-S-(3-aminopropyl)-4-R-(naphthalen-2-
ylmethoxy)pyrrolidin-1-yl]-1-R-benzyl-2-oxo-ethyl }-3-(4-hydroxyphenyl)propionamide, 11, (125
25 mg, 0.20 mmol), 1,3-bis(ter-butoxycarbonyl)-2-methyl-2-thiopseudo urea (57 mg, 0.2 mmol) and
triethylamine (0.1 mL, 0.59 mmol) in dry DMF (2 mL) and the reaction mixture is stirred at 0 °C
for 1 hour. The reaction mixture is then diluted with EtOAc, filtered through a pad of Celite, and
the filtrate is concentrated in vacuo to afford the crude product as an oil. The crude isolate is
purified over silica gel (CH2Cl»/methanol, 14:1) to afford the desired product (170 mg, 98 %) as a
30 white solid.

Preparation of 2-S-acetylamino-N-{1-R-benzyl-2-[2-S-(3-guanidinopropyl)-4-R-
(naphthalen-2-ylmethoxy)pyrrolidin-1-yl]- 2-oxo-ethyl}-3-(4-hydroxyphenyl)propionamide
(13): A solution of TRA:CH;Cl:anisole (40:55:5, 3.0 mL) is added to a round-bottomed flask

4. L



pyrrolidine (6): Sodium azide (361 ng, 5.50 nmol) is added to a solution of
N- Boc- 2- S- ( 3-

met hanesul f w8598 opyl ) - 4- R- (napht hal en- 2- yl net hoxy) pyr regiriusonesssb, (856
ng, 1.85 mml) in DMSO (7 nL) and the reaction mxture is stirred at 70 C
for 3 hours. The reaction is quenched wth H2O and extracted with $t OAc
(30 nL). The extract is dried over Na2SO4, filtered and concentrated in

vacuo to an orange-colored oil. The oily residue is purified over silica
gel  (hex aQﬁ&éﬁtm%-s—ﬁcéy)larhﬁowf{ﬁmr&ni}‘m [ﬂsqswem (A BehxycRBoyDD, 78 %) as a
colorless oil. H Preparatj o

2-S-(3-azi &W%WF%PY’HF@‘(“H%PHH{CHETYHPFH?"%P}‘F&‘{WB&WlM%FME}r?e(“(h?‘)‘“”‘YA

pr epgr gdt f(ﬂhéﬂ )?Bpx@ﬁaﬂﬁAlﬁZﬂD g, 0.191mmé)§ arfd. tHe rhactidOmixkuke is Stirfed d6r 3. 25 Gowis.
roun (0]
N Boo- 205 (RS Seare rbenmthis el o b dietprasthae shd consrmsaatip ke T e 6

(2.85g, 45 poodaét ispunifipd yreverdaphasepre HBIOC toi givelembodimert Not 50eftbni DABILE h(dtZIr The

m xture is acuo to give the desired product (3.0-g, ‘100 :
% as a TFA&%Q%%SB#%&EQFHQ$¥O|I is carried forward as an internediate in

t he synthesis of enbodi ments of the present invention w thout further

purification. T%odﬂ!ﬁéa@bdrﬂ%i{lt@cg?%m analo%srhfcg&a}mo%g gpréaaﬁ iEntol 1kl @2 N3

20 can be prepared by subs enz brom de
2- ( br ononetcAyPyReLionally Estainted wwwmnruq@gaewmmqseﬁ@lm@sm&mwer ei n above for
the prepgration of conpound 3. EXAMPLE 1 42 . WO 02/085925 PCTTUS02/ 13340
2-S- Acetyl am no- N-{2-f2-S-(3-am nopron%l) 4- R- (napht hal en- 2-yl met hoxv) -
pyrrolidin-l-yll-1-R-benzvl-2-o0xo-et hyh} 3 (4- hydr oxyphenvl ) pr opi onam de
(11) Preparation of
2-S-N-(tert-butoxycarbonyl)am no-1 -] 3 azi dopropyl )-4-R-
(napht hal en- 2-yl net hoxy) pyrrolidin- 1- ] --3- phenyl propan-1-one (8): To a
sol ution of 2- s (3-azi dopropyl)-4-R (,Dapht hal en- 2- yl met hoxy) pyrral i di ne
(1.0 g, 2.36 mol), N (tert-

wherein each carbon indicated with an asterisk can have any configuration. Table II relates to

non-limiting examples of analogs comprising a first aspect of this category, said analogs having
the formula:
16
R3

Rzin‘
H‘N o
R\/Rfo f

H&'/O
R9
wherein R, R,%, R?, and R’ are defined in Table II.

TABLE I
No. R R* R’ R* R’
61 phenyl -NHC(O)CHsj  H benzyl phenyl
62 4-chlorophenyl -NHC(O)CHj; H benzyl phenyl
63 4-fluorophenyl -NHC(O)CH; H benzyl phenyl
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but oxycar bonyl ) - D- phenyl al ani ne (625 ng,
(641 ng, 4.72 mol) and N-nethyl norpholine (0.8 nL, 7.07 nmol)

2.36 mmol ),

1- hydr oxybenzotri azol e
in DWP (9.4

mL) is addewolo2fo8se2¢li met hyl am nopropyl ) - 3- et hyl car bodl i m dg-fydsesshks ori de

(506 ny,

extracted with EtOAc (75 nL).

2.83 mmol) and this mxture 10 is stirred at
1. 25 hours.

The reaction is quenched with saturated aq. NH4CL
The organic | ayer

roomtenperature for
sol ution and

is washed with H2O (100

m.), brine (100 n), dried over thSCﬂ f||tered and concentrated i n vacuo
to a browpepto '““(ﬁ‘o hxxF sttt BE ed—p H silica
gel '(hexares§J4Et 3§ @1 Y ¢ ]I MREC%e:. red produ%‘lzy 986 ;Fq efg as a
whi te sol ijd. 6515 Pr epphemsﬂl on ( -NHC(O)CH3 H 2-1m1dazolylmethy1 phenyl
2- S- am no-f € YT 3 = P theate rethoxy)
pyrrolidin- 166\Lrl - ﬁ-CﬁIO%ﬁ‘?ng]r or)arqu-qugh'ce}F( :I'flT sol dakg IB’F A @P&U&Z: H20
(1:12:0.1, 1067 i4sﬂuomdhmldl to QIHCNQ)C&I-;bot tl e 2finidskolylinathgled \phéryl
2-S-N-(terft Py 3T =13 g
azi dopropy )682- )3%&&‘] %’#ﬁ%ngf N} é%? 2 XW).- Py 3Iu|mdi|aﬁ°-l¥L15n\7ﬁh¥l- SRCDH{L Dr opan- |
-one, 8, (|98® my, ZOPhtnyﬁ an?I)NHGﬁﬁEHaeactHon riridazalylivsthgl i rrpédlyht room
t enper at ure—% I g S LUWWI e
trifl uoroacezl C ac‘,}%g&b;%nylof t he cde3| e c}(I)m:)oun ¢ e ﬁede.avi a clear
oi |, which i3 syf frfiowphdnyl pyr NHEOKSKt | r dhct | drimidaedigmethplul) i fphmt i on.
Prepar at i gy Z3§Rmm5h*55&ian&hiéxﬁg-Srqgra s i nal en- 2
25 '
yl met hoxy){py?¥ ol i di npheny}| | - 14 RNFEK@YIHs 21 0x®- e} hy4-flugoleazyihy di ohetybnyl ) pr op
onani de ( 10) 0 SHEI P | OF -
2% ami nol1ol 2. {3 i Hngén[r};gvl R R nht Kol eh- -ﬂ?°r°bfﬁ?§y) of iR i di n- 10y
]- 3-phenyl pfophn-4fbeephenyl (17 NHCOXH3| mibl )| N-HeweBmzil: t yr sbemsk (586 ny,
. 2.63 mmol )f, 7 - ST GRICRspEn] | AR@EAHOP T, B ZRfRIBheha/d 11|  phenyl

N- net hyl norphol {ne- (0 9 1- 88 mmm L s _added
'1- (3- di net|hyTam nOprwhsysrl) 3- ¢t ﬂm%ﬁ}%d i rﬁlde hf}dwfembewhe ( Psenvhy| 30
3. 15 nmol )Ty Y Ne dRaphilD T )NHGQLG STUTHT €0 ghhydB ,;ﬁppe,r%wye for 1
hour. The {reactjon is guenched wt urat ad_NHACI "and_ext ractled
twice with EOA¢ (4tporpphenylrh g %’Fﬁfp}%ﬁ orffan| c 4thxrersbenmyk \aPHEW! wilt h H20
(80 nil), [borgge (S&Ldlﬂﬂe}ophéifyl P 0-NHG®0) %8 2 gH T T 48 &CxybaRkyl CONGAEHT ated in
vacuo to noil Th g_r-rllrla oiH—s-—purifl ed ov i | ac-et-ope/ G—|2C12,
3:2) to dffdd|the WY ed ¢onPBBuREtE1| 03l ng| ebchgro whi PEWbIild. 43
WO 02/ 0859258 PCY7 YdiopBendD FPr &yHT(@JCHIN| OfH 4-chlorobenzyl phenyl
2- S- acet yl fam-ned N2 2 S (I—am-paprepy—4—R{(paphthalen—

83 4-fluorophenyl -NHC(OJCH; H 4-cHlorobenzyl phenyl

84 3,4-difluorophenyl | -NHC(O)CH; H 4-chlorobenzyl phenyl

85 phenyl -NHC(O)CH; H 4-acetoxybenzyl phenyl

86 4-chlorophenyl -NHC(O)CH; H 4-acetoxybenzyl phenyl

87 4-fluorophenyl -NHC(O)CH; H 4-acetoxybenzyl phenyl

88 3,4-difluorophenyl | -NHC(O)CH; H 4-acetoxybenzyl phenyl

89 phenyl -NHC(O)CH; H benzyl 2-naphthyl

90 4-chlorophenyl -NHC(O)CH; H benzyl 2-naphthyl

91 4-fluorophenyl -NHC(O)CH; H benzyl 2-naphthyl

92 3,4-difluorophenyl | -NHC(O)CH; H benzyl 2-naphthyl

93 phenyl -NHC(O)CH; H 2-imidazolylmethyl | 2-naphthyl

94 4-chlorophenyl -NHC(O)CH; H 2-imidazolylmethyl | 2-naphthyl

95 4-fluorophenyl -NHC(O)CH; H 2-imidazolylmethyl | 2-naphthyl

96 3,4-difluorophenyl | -NHC(O)CH; H 2-imidazolylmethyl | 2-naphthyl
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yhnet hoxy) - pyrrol I di n-1-yl ] - 1- R-benzyl

- 2- oxo- et hyl } - 3- (4- hydr oxyphenyl ) prop

ilonam de (11): A solution of
2-S-acetyl %61?08'352@2 [ 2- S (3-azi do- propyl ) - 4- R{ napht hal enpgyysd¥Rsigxy) 5
pyrrolidin- yI ] - 1- R benzyl - 2- oxo- et hyl } - 3- (4- hydr oxy- phenyl') - pr opi onam de,
10, (1.03 g, 56 mmol ) and pyridine (0.07 nL, 0.78 mol) in nethanol (5.0
m) is purged vm'th argon and 10 % by wei ght pal | adi um on car bon (500 ny)
is then added. This reaction mxture is stirred in a hydrogen at mosphere
for 5h0 re Thn rnah+|nn|c t han fnlfnrcrl +hlynu:n Cal Tto
remove tlhedlcafal ysPReIHd t hd AHYCPHES s Hon eWﬁ?cgﬂﬁFﬁ \/Ji@d%p BT el d an
enbodi ment gf 1§ hei-ghiesgheiyl 10 INFEOICHN | ( SHL rog- inﬁc&z&l@lnﬁ&y]a Bhnaplehyd @l i1 d.
Thi s pr ogedyreteap—be—used—to—pakether3—amhopropy—an
repr esent ofe |i tERuRroRbRRYL m Y i i Byl | B {%‘?18 éﬁﬁdh?irf’&ﬂﬁ}ﬁyl al s
obt ai ned |at100 hi samnadro;ﬂzb:e/lwaH(C(oa{mgl) pHr e t@xmdleolylﬁetﬂyljl rzaxaplitbylf or the
pr epar at i jer—=of a“ RO—PYyF afrat-gos esetr on. 15
EXAVPLE 2\”]91, S{Acet ¥ | no- N—j@?@)@ 3--uani di néﬁ}“%}a‘{’?“fyh R-(F%ﬁ"#‘m en
2- vhnet hoxyll)zn r r43¢h]cdopheﬁylvl ] -NHQROWEHz V| - H- 0X0- éflngrbBend 2-naphthyl
(4-hydl’OX R+ ||)r} e 320 Pregaratt .
2- S-acet yl allrQF NA- hior??‘ﬁ" u%zyl W?-)@’( 3-N.'N {bi gﬂuemlfepzyl 2-naphthyl
but oxycar bouoyl gﬂmdlﬂdmrmm}d)pykl\)H@KOR:Iﬂgndthhal en4-Bugrbeaziox y R-maphtisdlli di n- 1-y
1]- 2- 0X ||)=} 3 I4 ||yu1 X = =01 Oﬁi O"IalEl ETAC
chloride(ll?a , p rrrml) PR [t 07 gol ubroroeyat 712
2- S-acet y|l awbnQ- M—-{h’ler@ﬂxe@l( 3- NHOCOMCEpY| ) H4- IR- (Wpﬂ%ﬁaﬁzyh- ’l-naphthyl
yl met hoxyppystm = —2-oxo-¢tt Ty ST twETIY| ) propi
onani de. 1111’150‘(7 Eﬁoégph&%n\ 2031 mml ﬁi—f@d. H; H ﬂHyonfy‘b?&yl 2apiihyY
1, 3- bi s(ter108btt334<-9iﬂaorbmmw1) - NEROHGH: 2- ¢ Hi opsé‘dd’érowbemyw' Zrrgphtyl2 ol )
and tri ettygganre T 10599 (T TTEdTy UWEh] - action
mxture'ijs stinred Hengl orﬁ%éﬁgur Th(}alurenact i Ol?]xél%] r ﬁ.‘{éﬁﬁﬂ’g di | uted
with Et OAc,110i | te4-eld0rpvh¢tm!gh NFE@)SH: Cel Ft e| afrahloobrazylj | f 2enaphthy
concentr ategdTTTr v ffjore ydegpr odu of 152 rjude
I solate ifs 6ur| ffgb&o thFﬂ I |If~géa 1(I‘((‘,I—l?I(ﬂI‘\AILr t&rgﬁgll%b&?}ﬁl zrnr%sgﬁ?}g rd the
desired pfoddct| 34ifluprgphend %NTé@(bACHGC wWHite 561C111Gf.°bqnlzlépar 2enephihyf
2- S acet yfrTRmg=INT ez 3- gganifdi 2 M naphthyl
(napht hal enﬂg vl net gé;ﬁv?nvr r nI i di g))(?ﬁ%/l H ﬂ%ﬂ@ﬁz&l‘ -naphthy
2- oxo- et hyl }143-|( 44-phJerPRRYP hdn YHEOE 0 anfide (4rapptoxykengy] t|iZRephyl]
TFA: CH2d Z—RRIgot ELGHEpheRy1 0, | NECOHTH] agded Taceiokybenryt DX RERAYIT|l ask

116 | 3,4-difluorophenyl | -NHC(O)CH, H 4-acetoxybenzyl 2-naphthyl

117 phenyl H H benzyl 2-naphthyl

118 4-chlorophenyl H H benzyl 2-naphthyl

119 4-fluorophenyl H H benzyl 2-naphthyl

120 | 3,4-difluorophenyl H H benzyl 2-naphthyl

The following is an outline of a synthetic pathway for preparing analogs 61-120,

however, other embodiments of the piperidine scaffold can be prepared using modifications to

this general scheme.

\

OCBs
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44 WO 02/ 085925 PCTI US02/ 13340 charged with 2-S-Acetyl am no- N-{

1- R-benzyl -2-[2-S-(3-N, N -bi s(tert-butoxycarbonyl) -

guani di noprp@yinssdksR- (napht hal en- 2- yl met hoxy) pyrrol i di n- 1pgirjrse22t38600- et hyl
}-3-(4- hydroxy- phenyl) propi onam de, 12, (170 ng, 0.19 mmol) and the
reaction mxture is stirred for 3.25 hours. The reaction mxture is then
diluted with dichl oroethane and concentrated in vacuo. The crude 5 product
is purified by reverse phase prep HPLC to give enbodi nent No. 50. from
TABLE 1 (57 10, gde i anflSndhiofth choPPeiS-cHORNELTs *€ @b @9@y Mmoke. r ecept or

| i gand anal ogs according to ‘the present invention relates to
conformationally restricted rings conprising a piperidine scaffold having
the formula: '100. erein each dbﬁb i ndi cat ed wi O aP~asteri sk can have
any configuration%l#zﬁ?e 1 relates t%QMnon-liniting exanpl es of anal ogs

conprising a fir of 4his X . saidd anal awng the
formula: 15 H RO wherein RTR™2, Jand RO are defilped)in Table Il. TABLE
11 No. RRRRR 61phenyT - NHC( O) CH3Hbenz YT phenyl : Co ' '
624- chl or ophenyl - NeiC( O) CH3Hbenzyl phenyl R

634-f | uor ophenyl - NHC( O) CH3Hbenzyl phenyl 45 WO 02/ 085825 PCTI US02/ 13340

643, 4-di f I uor ophenyl - NHC( O CH3Hbenzyl phenyl HH

65phenyl - NHC( O) CH3H2- i m dazol yl met hyl phenyl 128 B® = ohenyl
664- chor ophenyl - NHC( O) CH3H2- i i dazol yl met hyl phER§impounds 1-28 R”=pheny
29-60 R® = 2-naphthyl
Reagents and conditions: (c) K-selectride, 10 °C;

5 (d) NaH, PhCH,Br (cpds 1-28), NaphCH,Br (analogs 89-120), 0 °Ctort.
Os O : . Ox O Co .
N . N !
E‘J/\/ ';‘J/\/\OH
e
——T
RK)(O R% o]
HH HE

Reagents and conditions: (¢) BH;-THF, H;0o/NaOH, 0°C to 1t

0 o‘m OYO‘Bn
Ezgrf\,/\m{ [::r’\v/\N’Ei;mc
f |
— H
wTK,o wsxro |

10 HH ’ H H
Reagents and conditions: (f) (BocNH),C=NH, diisopropyl azodicarboxylate Ph;P, 0 °C to 1.

E;Mf szﬁ)ﬁ“
wk7(o NK7(0

H H HH
Reagents and conditions: (g) H, Pd/C. pyridine, rt.
15
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674-f1 uor ophenyl - NHC( O) CH3H2-i mi dazol yl net hyl phenyl

683, 4-di f I uor ophenyl - NHC( O) CH3H2- i m dazol yl net hyl phenyl

69phenyl - N2 Qy@8sRs4- | m dazol yl net hyl phenyl PCT/US02/13340
704- chl or ophenyl - NHC( O) CH3H4- i mi dazol yl net hyl phenyl

714-f1 uor ophenyl - NHC( O) CH3H4- i mi dazol yl net hyl phenyl

723, 4-di f I uor ophenyl - NHC( O CH3H4- i m dazol yl net hyl phenyl

73phenyl - NHC( O CH3H4- f | uor obenzyl . phenyl

744- chl or ophenyl - NHC{ O) CH3H4- f | uor obenzy| pheny| _pmoc

754-f1 uor ophenyl - NH% O) CH3H4- f |[UGr obenzyl phenylN

763, 4-di f | uor ophenyt™= cuor obenzw NBoc
77phenyl - NHC( O CH3H4- Hydr oxyRenzyl phenyl X /U\
784-chl or ophenyl - NHO) CH3H4- hydr oxybenzyl phen N~ “NBBoc
794- f | uor opheny! RNHE O) CH3H4- hydr oxybenzyl pheni@,\/\}'I

803, 4-di f 1l uor opheil - NHC( O CH3H4- hydr oxybenzyl phgnyl

:81pheny! - NHC( O) CH3H4- chl or:.obenzy! phenyl RO

824- chl or ophenyl - NHC( O) CH3H4- chl or obenzyl phen¥?<H

834-f | uor ophenyl - NHC( O) CH3H4- chl or obenzyl phenyl

843, 4- di f | uRsrastiTREtreditieqri) KoeePrheylatepipdeitse z‘?vl%l’ﬂeﬁy"[l'ss' 89,93, 97, 101, 105, 109, 113,

85pheny| - NHe{ 6. EridHM(-ehiveripbuy}itesing(yoklpds 62166 70, 74,78, 82, 86, 90, 94, 98, 102, 106, 110, 114, and 118),

364- 1(‘:Ih| or opﬂ;\maw(@thQ}mmﬂ&%aa@ei.exvlbﬂm,xsk.phﬁmjl 99, 103, 107, 111, 115, and 119), Fmoc-D-
74-f1 uogophe = 3

b o Lo AR e & g s

89phenyl - NHC( O) CH3Hbenzyl 2- napht rf/’?y el ﬁgbr ophenyl - NHC( O CH3Hbenzyl

' 2-napht hyl 914-f1 uor ophenyl - NHC( O CH3Hbenzyl 2- napht hyl

923, 4-di f | uor ophenylx NE#O) CH3Hbenzyl 2- napht hyl

93pheny! - NHC( O) CH3H2- ' mi dazol yI et hyl 2- napht hy

944- chl or ophenyl - H2-1 m daggel yl met : Sht hyl : !
954- f | uor opheny! - NHC( O) EHBH2- i i dngm yl net hyl 2- hapht hyl wﬁ“‘
963, 4-di f | uor ophenyl - | musazol yl metiyNg® NHBoc
— k
R _ _O | R _O
H H H H

Reagents and conditions: (i) piperidine, rt.

3
I-kCC(O)N\tR‘
H
NH, N o
R\)Yo ﬁ R\A(O
N \ NHBoc j N JLBI
! Q/\/\
R’YO 9
"’
H H HH
Reagents and conditions: (j) EDCI, HOBt, N-acetyl-L-Phenylalanine (analogs 61-64, 89-92, and 117-120), N-acetyl-
(2-imidazolinyl)-L-histidine (analogs 65-68 and 93-96), N-gcetyl-L-histidine (analogs 69-72 and 97-100), N-acetyl-L~

(4-fluoro)phenylalanine (analogs 73-76 and 101-104), N-acetyl-L-tyrosine (analogs 77-80 and 105-108), N-acetyl-L-(4-
15 chloro)phenylalanine (cpds 81-84 and 109-112), N-acetyl-L-(4-acetyl)tyrosine (analogs 85-88 and 113-116).

10
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46 WO 02/ 085925 PCTI US02/ 13340

97phenyl - NHC( O CH3H4- i m dazol yl net hyl 2- napht hyl

984- chl or opNemy2/08842€( O) CH3HA- i mi dazol yl net hyl 2- napht hyl PCT/US02/13340
994-f | uor ophenyl - NHC( O) CH3H4- i mi dazol yl net hyl 2- napht hyl

1003, 4-di f I uor ophenyl - NHC( O) CH3H4- i mi dazol yl net hyl 2- napht hyl
101phenyl - NHC( O) CH3H4- f | uor obenzyl .. 2-napht hyl

1024- chl or ophenyl - NHC( O) CH3H4- f | uor obenzyl 2- napht hyl

1024-f | uor ophenyl - NHC( O H4- f | uor obenzyl 2- napkt hyl

1043, 4-di f | uor ophe MO CH3H4- f | uor ob dHEANLaRht hy|

105phenyl - NHC( O) CH3H4- hydy oxybenzyl 2- napht hyl

1064- chl or ophenyl - NHCF - hydr oxybenzyl 2-maphtdy|

1074-f 1 uor ophenyl - NHC( - hydr oxybenzyl g- ngapht vyl

1083, 4-di f | uor ophenyl = - h oxybenzyl 2¥hapht hyl I
109pheny| - NHC( O) CH3H 1. 4- B pingo?. napht hyL N J\
1104- ¢hl or ophenyl = NHC( H4- chl or obenzyk 2- napht hyl
1114-f | uor ophenyl - NHC( O H4- chl 8r obenZyT 2= nap
1123, 4-di f | uor ophenyl uNHG O) CH3H4- chl or obenzyd 2- gapht hyl

113phenyl - NHC( O CH3H4-@@t oxybenzyl 2- napht hyl

1144- chl or ophenyl - NHC( ®) BEH3H4- acet oxybenzyl 2- mapht hyl

1154-f 1 uor ophenyl - NHC( O) CH3H4- aqgiza Yda iddohs? ny ddahk. hy |

1163, 4-di f | uor ophenyl - NHC( O) CH3H4- acet oxybenzyl 2- napht hyl

117phenyl HHbenzyl 2- napht hyl 1184- chl or ophenyl HHbenzyl 2- napht hyl

1194- f | uor ophenyl HHbEREBARATION IR RFPERIDDE SYNTHETICINFERMEDH T NnZYy| 2- napht hyl

61120, howgver TS 8E e U DR BN  Ho BBl SRR °0°

prepar ed usithegomyl¥ fi cations to this general scheng.

IH c
! L

IIJ NHBoc
H

R __0
hs
20
wherein for this example R’ is a 2-naphthyl moiety.
10
N.N’-Di-tert-butoxycarbonyl-N"’-[3-S-[4-R-(naphthalene-2.yl-

methoxy)piperidin-2-vlipropvllguanidine (20)

Preparation of N-Cbz-6-allyl-2,3-dihydro-1H-pyridin-4-one (14): To a solution of 4-
15  methoxypyridine (50 mL., 0.492 mol) in toluene (1 L) is added benzyl chloroformate (70.3 mL,
0.492 mol) at 0 °C. The resulting mixture is stirred at 0 °C for 30 minutes then cooled to 75 °C
and allyl magnesium chloride (295.5 mL, 0.591 mol) is added. The solution is held at —75 °C for
4 hours and allowed to warm to 0 °C at which point a solution of 20% HCl is added to quench the
reaction. The organic layer is isolated and purified over silica gel to yield the desired product.
20
Preparation of N-Cbz-2-S-allylpiperidin-4-one (15): To a solution of N-Cbz-6-allyl-
2,3-dihydro-1H-pyridin-4-one, 14, (34.2 g, 0.126 mole) in HOAc (238 mL) at room temperature,

.' : R - ) 50



5 a oro,Bti 47 b WO 02/085925 PCT/ US02/ 13340 Reagents and conditions: (a)
Chzd, 0 C CH2=CHCH2MgCI, -78 Cto O C (b) Zn/HOAc. HH For Conpounds 1-28
R9 - phenylw02908025R9 = 2- napht hyl Reagents and conditi onecTAUs)2/13340
K-selectride, 10 C 5 (d) NaH, PhCH2Br (cpds 1-28), NaphCH2Br (anal ogs
89-120), 0 Cto rt. Reagents and conditions: (e) BH3-THF, H202/NaOH, 0 Cto
rt. 10 0Y, O0~, Bl, Reagents and conditions: (f) (BocNH) 2C=NH, dii sopropyl
azodi car boxyl ate Ph3P, 0 Cto rt. HROINKO RO/ n HHHH Reagents and

condi ti ons:js {dq e duﬁd’fﬂé solt¥br i tefBed Fdr 30 thitutss, 48018dMOr QM RRpRAmte, and the
PCT/ US02/ 13340 H
solids are removed by ﬁltratmn through Celite. The product is ‘isolated by work-up for neutral

product.

5 : Preparauon of N-Cbz-z-S-allyl -4-R-hydroxypiperidine (16): To a solution of N-Cbz-
' 2-S-a11y1p1pend1n—4-onc, 15 (34 2g, 0.125 mol) in THF (700’ mL) at 10°Cis added K-selectride
(135 mL, 0.150 mol). After 5 minutes the reaction is quenched with water (60 mL). Work-up for
neutral product yields the desired material which is purified over silica gel.

10 Preparation of N-Cbz-2-S-allyl-4-R-(naphthalene-2-ylmethoxy)piperidive (17): Toa
solution of N-Cbz-2-S-allyl-4-R-hydroxypiperidine, 16, (22.11 g, 0.08 mol) in DMF (300 mL) at 0
°C is added 60% NaH (4.2 g, 0.103 mol). After stirring 30 minutes, 2-(bromomethyl)-
naphthalene (21.3 g, 0.096 mol) is added and the reaction is stirred 24 hours at room temperature -
after which the reaction is cooled to 0 °C and quenched by the add1t10n of water. Work up for

15 neutral followed by purification over silica gel yields the desired product.

Preparation of N-Cbz-2-S-(3-hydroxy)propyl-4-R-(naphthalene-2-ylmethoxy)-
piperidine (18): To a solution of N-Cbz-2-S-allyl-4-R-(naphthalen-2-ylmethoxy)piperidine, 17,
(1.59 g, 3.83 mmol) in THF (39 mL) at 0 °C is added borane/THF (4.2 mL, 4.221 mmol) and the
20 reaction is allowed to warm to room temperature over 30 minutes. The reaction is quenched with
water then 3M NaOH (2.4 mL), and 30% hydrogen peroxide (2.4 mL). Work up for neutral
followed by purification over silica gel yields the desired product.

Preparation of N,N’-Di-fert-butoxycarbonyl-N’?-[3-S-[4-R-(naphthalen-2-yl-

25 methoxy)-N- Cbz-piperidin-2-yl]propyl}guanidine (19): To a solution of N-Boc-2-5-(3-
hydroxy)propyl-4-R-(naphthalene-2-ylmethoxy)-piperidine (4.96 g, 11.89 mmol),
triphenylphosphine (3.74 g, 14.26 mmol), and 1,3-bis(terr-butoxycarbonyl)guanidine (3.7 g, 14.27
mmol) in THF is added diisopropyl azodicarboxylate (2.81 mL, 14.27 mmol) at a temperature of
less than 3 °C. The solution is allowed to warm to room temperature, quenched by the addition of

30 water, worked up for neutral product then purified over silica gel to yield the desired product.



HHHH Reagents and conditions: (i) piperidine, it. NBoc | ~ ~ ~ N "~
"NANHBoc NHBoc | HN R OR9 'x H H Reagents and conditions: (h)

Fnoc- D- phenwoad2assoee (anal ogs 61, 65, 69, 73, 77, 71, 85, M3/wsedi3se/, 101,
105, 109, 113, and 57), Fnoc-D (4-chloro)phenyl al ani ne (anal ogs 62, 66,
70, 74,78, 82, 86, 90, 94, 98, 102, 106, 110, 114, and 118),

Frmoc- D- (4-fl uor o) phenyl al ani ne (anal ogs 63, 67, 71, 75, 79, 83, 87, 91, 95
99, 103, 107, 111, 115, and 119), Fnoc-D 5 (3, 4-difl uoro)phcnyl al ani ne
(anal ogs 64, 68, 72, 76, 80, 84, 88, w92, 96, 1Q@, 104, 108, 112, 116, and
120), (i- propyl)2NBt, PyBroP, - 20 % L 10 hhﬁﬁpc l 1 H-- HN -NHBoc |
H Reagents and conditions: (j) EDcw:Hgfg\\/Rtﬁce@V*ﬁL Phenyl al ani ne

(anal ogs 61-64, 89-92, and J4 acetyl®H (2-imdazolinyl)-L-histidine
(anal ogs 65-68 and 93-96), -hi stidine (analogs 69-72 and 97-100),
N-acetyl -L- (4-fluoro)phen . Yanal ogs 73-76 and 101-104),

N-acetyl -L-tyrosine (anal ogs 77-80g4and 1%& 108), N-acetyI-L-(4 15

chl or o) phenyl al ani ne (cpds 81-‘84 and 109-112)

N-acetyl -L-(4-acetyl )tyrosi ne (anal ogs 85- 88 and 113- 116)

Preparation of N,N’-Di-tert-butoxycarbonyl-N’’-[3-S-[4-R-(naphthalene-2-yl-
methoxy)piperidin-2-yl]propyl}guanidine (20): A suspension of NN '-Di-téﬂ-butoxycarbonyl-
5 N’-[3-5-[4-R-(naphthalene-2-yl-methoxy)-N-Cbz-piperidin-2-yl]propyl } guanidine, 19, (9.05 g,
13.43 mmol), pyridine (1.06 gm,13.42 mmol) and 10% Pd/C (4.5 g) in methanol (120 mL) is
hydrogenated at room temperature. The solids are removed by filtration and the resulting residue

after concentration is purified over silica gel to yield the desired product.
_ The piperidine synthetic intermediate having the formula:

oy

can be prepared by substituting benzyl bromide for 2-(bromomethyl)naphthylene under the

10

conditions described herein above for the preparation of compound 17.

15 EXAMPLE 3
2-Acetylamino-N-{ 1-(4-fluorobenzyl)-2-[2-(3-guanidinopropyl)-4-(naphthalene-2-
ylmethoxy)piperidin-1-yl]-2-oxo-ethyl}-3-(4-hydroxyphenyl)propionamide (24)

Preparation of [2-[2-[3-(N’,IN”’-di-fert-butoxycarbonylguanidino)propyl]-4-

20 naphthylen-2-ylmethoxy)piperidin-1-ylj-1-(4-fluorobenzyl)-2-oxo-ethyljcarbamic acid 9H-
fluoren-9-ylmethyl ester (21): To a solution of N,N’-di-tert-butoxycarbonyl-N’"-[3-S-[4-R-
(naphthalene—Z-yl-methoxy)piperidiﬁ-Z-yl]pr0py1}guanidine,_ZO, (0.41 g, 0.759 mmol), N-Fmoc-
(4-fluoro)phenylalanine (0.339 g, 0.836 mmol), and diisopropylethylamine (0.529 mL, 3.036
mmol) in dichloromethane is added PyBroP (0.707 g, 1.517 mmol) at -20 °C. The solution is held

25 at-20 °C for 24 hours after which the solvent is removed in vacuo and the resulting residue

purified over silica gel to yield the desired product.
s LI BRI -rs



Hi R 0" R ' 49 WD 02/085925 3 4 HQ(0)NH R PCT/US02/ 13340 3 H30C(O) NH
/| R4 Reagents and conditions: (k) TFA, rt. PREPARATI ON OF PI PERI DI NE
SYNTHETI C | WOERNSBRSATE 5 The following is a procedure for PorAsexidsyy t he
pyrrolidine scaffold internmediate having the fornula: NHBoc 20 wherein
for this exanple RO is a 2-naphthyl noiety. 10

N, N -Di -tert-but oxvcarbonvl - N'-f 3-S-f 4- R- (napht hal ene- 2- vl -

met hoxy) pi ueri din 2-vllnrouvlievanidine (20) Preparation of

N-Cbz-6-al |yl -2, 3-di hydro-| H pyri di n- 4 one (14): To a solution of 4- 15
met hoxypyri di ne

50 m.,, 4 I,S ed benzyl

chl orof ormat e ( ."B‘“"ﬁﬁl‘,’“‘tﬂhﬁz‘hﬁﬂf “*a’fyc '?’ﬁé%’et%ﬂ"?’?ﬁéq fixture is stirred
at 0 C for B&brﬁﬁmuﬂnﬁom&qmmombuﬂylén;z-ylﬁﬁtl{axy)gipelndih425yl]pmpgngahumecm)ori de
(295.5 ni, e sol uti.on _i,s _hel t -75 C.for 4 hours
and al | owedgts‘g nﬂ%% [3(I%dlg'&i\ﬁf{?@ﬁ°’8‘6‘ﬁrl?1°?y1§“a§gwu?p’°8§1]'gfna B i.s added to
quench t Be ylmﬁmtybphpbndiﬁﬁeylbt-g%ﬂuomobbxaym-ox@-eﬂlﬂhhnbarmd acid SiHfluorerf-9- eﬁnﬁhflr
bR, 8! Lot st 10 98 Bl BRGS0 30T ANl s s

temperature for 30 minutes. Concentration in vacuo affords the crude product which is punt)ll

over silica gel.

10 Preparation of 2-acetylamino-N-[2-[2-[3-N’ ,N"-di-tert-butoxycarbonylgnanidino)-
propyl]-4-(naphthylen-2-ylmethoxy)-piperidin-1-yl]-1-(4-fluorobenzyl)-2-oxoethyl]-3-(4-
hydroxyphenyl)propionamide (23): To a solution of N,N’-di-ters-butoxycarbonyl-N"-{3-[1-[2-
.amino-3-(4-ﬂuorophenyl)propionyl]-4-(naphthylen—2-ylmethoxy)piperidin—2-yl]propyl}-
guanidine, 22, (77 mg, 0.109 mmol), N-acetyl tyrosine (29.3 mg, 0.131 mmol) and l-hydroxy-: -

15 benzotriazole (31 mg, 0.162 mmol) in DME (2 mL) at 0 °C is-added 1-(3-dimethylaminopropyl)- ’
3-ethylcarbodiimide hydrochloride. The solution is stirred at O °C for 2 hours then partitioned
between ether and aqueous bicarbonate, the organic phase is dried, concentrated in vacuo and
purified over silica gel to yield the desired product.

20 Preparation of 2-Acetylamino-[1-(4-fluorobenzyl-2-[2-[3-guanidino)propyll-4-
(naphthylene-2-ylmethoxy)-piperidin-1-yl]-2-oxoethyl]}-3-(4-hydroxyphenyl)propionamide
(24): To a solution of 2-acetylamino-N-[2-[2-[3-N’ ,N"-di-tert-butoxycarbonylguanidino)-
propyl]-4-(naphthylen-2-ylmethoxy)-piperidin-1-yl]-1-(4-fluorobenzyl)-2-oxoethyl]-3-(4-
hydroxyphenyl)propionamide, 23, (55 mg, 0.06 mmole) in dichloromethane (2 mL) is added

25 trifluoroacetic acid (0.3 mL) and the solution is allowed to stir at room temperature for 7 hours.
Concentration and purification over silica gel affords the desired product, Analog 107, from Table
118

Another category of receptor ligand analogs according to the present invention relates to
30 conformationally restricted rings comprising the 5-ketopiperazine scaffold having the
formula: -



2, 3-di hydro- 1H- pyri di n-4-one, 14, (34.2 g, 0.126 nole) in HOAc (238 nlL) at

roomtenperature, 50 WO 02/085925 PCT/ US02/ 13340 i s added zinc dust. The

sol ution i wo@fossmed for 30 minutes, cooled to room t enperctusoe/izzand t he

solids are renoved by filtration through Celite. The product is isolated by

wor k-up for neutral product. 5 Preparation of N Cbz-2-S-allyl

-4- R-hydroxypi peridine (16): To a solution of N Cbz-

2-S-al lyl piperidin-4-one,15, (34.2 g, 0.125 nol) in THE (700'nL) at 10 Cis

added K-selectride (135 nL, 0.150 nol)wy After 5 mnutes the reaction is

guenched with water (60 nL). Work-up qu* geutral product yields the

desired material which is purified over lica gel. 10 Preparation of

N Cbz- 2-S-al |l yl -4-R- (napht hal ene- 2- % t Hoxy) pi peridine (17): To a

solution of N Cbz-2-S-allyl-4-R- hydrox |per|d|ne 16, (22.11 g, 0.08 nol)

in DMF (300 nL) at 0 Cis added 60% NaH (4.2 g, 0.103 nol). After stirring
30 m nut es whéreinteaamo®ibiydsd withiuntabtadisk Bgh Hailelan3 cenfigbratlA6 Table M relategdded and

- the reaction js,stirred 24 hours: at tur.e aft r: whi.ch the ;
et Tont | BonliBitBgablgs & el e GmRLsEd T L LB FsEoR: Bi b BN o
for 15 neuthedbmiumat | owed by purification over silica gel yields the desired

product. Preparation of '

3.
N Cbz. 2- S- (3- hydroxy) propyl -4-R-(n | ene- 2-yl net hoxy) - pi peridine (18):
To a solution of N-Cbhz-2-S-allyl- napht hal en- 2-yl met hoxy) pi peri di ne, 17,

(1.59 g, 3.83 nmmmol) in THE (39 nL) C is added borane/ THF (4.2 ni,

4.221 mmol) and the 20 reaction s dtowarmto roon1tenperature over
30 mnutes. The reaction is quenchéd Wwth water then 3M NaCH (2.4 nlL), and
30% hydr ogen peroxide (2.4 nl). rz; Meutral followed by
purification over silica gel yields|the| desired product. Preparation of

N, N - Di -t ert - but oxycar bonyl - N '

R- (napht hal en-2-yl - 25
met hoxy) - N- Cbz- pi peri di n- 2- yI]propyllgﬁﬁnidine (19); To a solution of :
N- Boc- 2S- (3- hydroxy) propyl - 4- R- (méphthal ene- 2- yl net hoxy) - pi peri di ne (4.96
g, 11.89 B y ] 14.26 mol ), and
1, 3-bi s(tgﬂﬁ%ﬁt%;i}y?;r a!u@% gfgg%ff}l?r?gr“glg“? g, 14.27 mol) in THE i s added
di i sopropyl azodicarboxylate (2.81 nL, 14.27 nmol) at a tenperature of
| ess than 3 C. The solution is all owegdgiemyarmto room tenperature,

quenched by the addition of 30 water wor ed—up—&QL—neLLL&L—%&OduGL t hen

purified ov¥P dilicaRel to|yield thd desilred pfoduct. |51
121 phenyl -NHCOCH; | H benzyl benzyl
122 4-chlorophenyl -NHCOCH, | H benzyl benzyl
123 4-fluorophenyl -NHCOCH; H benzyl benzyl
124 | 34-difluorophenyl | -NHCOCH; H benzyl benzyl
125 phenyl -NHCOCH; H | 2-imidazolylmethyl benzyl
126 4-chlorophenyl -NHCOCH; H | 2-imidazolylmethyl benzyl
127 4-fluorophenyl -NHCOCH; H | 2-imidazolylmethyl benzyl
128 | 3,4-difluorophenyl | -NHCOCH; H | 2-imidazolylmethyl benzyl
129 phenyl -NHCOCH;, H | 4-imidazolylmethyl benzyl
130 4-chlorophenyl -NHCOCH; | H | 4-imidazolylmethyl benzyl
131 4-fluorophenyl -NHCOCH; { H | 4-imidazolylmethyl benzyl
132 | 3,4-difluorophenyl | -NHCOCH; | H | 4-imidazolylmethyl benzyl
133 phenyl -NHCOCH; | H 4-fluorobenzyl benzyl
134 4-chlorophenyl -NHCOCH; | H 4-fluorobenzyl benzyl
135 4-fluorophenyl -NHCOCH; H 4-fluorobenzyl benzyl

. B4 .



WO 02/ 085925 PCT/ US02/ 13340 H NBoc |
-[3-S-[4- R-(napht hal ene- 2-ylI -

N, N

-Di-tert-butoxycarbonyl -
met hoxy) pi weo 024089928- y1 ] pr opyl } guani di ne (20):

N NHBoc

H Preparation of

A suspensi opcefso2/13340

‘o
o

F

N, N -Di -tert-but oxycarbonyl 5
N '-[3-S-[4-R-(napht hal ene-2-yl - met hoxy) - N- Cbz- pi peri di n-2-yl ] propyl } guani d
ine, 19, (9.05 g, 13.43 mmol), pyridine (1.06 gm 13.42 mvol) and 10% Pd/ C
(4.5 g) in nmethanol (120 nl) is hydrogenated at room't enper ature. The
sol i ds ar g &gV rlggm ?ﬂdﬂbﬁ?o eh§l 1) g TESUldk Uec[Jm STyUe ET
concentr at s UL fied ther S] lcalgel to yie esired prodict. The
pi peri di ne é%t het i ®@h¢nst er mediNH@OFEGY| n§ t het- ﬁqumeazylla H Heezth be
prepared WY 15805 T EHGLRENACZ ey U[F@?Mg?% Ty TR I hytgne
under the tiaons descrilbed hereih aba or e nreparat| of
compound 17139 5| EXAnmpphenyly_ | ANHGAGH hoHN- [ 4-hydroxybenzyl bcnzyl
1- (4-f | uor|OREAZY3 JadfubrdpheayUNHED [ ORY! ) - £nydl@ZPEEh IR $11E I
yl met hoxy) ITLJ:\F\FIALD 1-\/P -%- ox0-ethylb-3-( V}ldlf’ Ogéln’]yg; 1) l’)r%gll”l)zzonam de (24)
Preparati dn 18 [ 2-[ hemsl (N [NNHEQGHy | - But oxﬂ@hlpmwylgu hni dibeeRybr opyll | - 4.
20 142 | . 4-chlorophenyl 'NHCOCHg H 4-chlorobenzyl benzyl
napht hyl en=2-yl - -\/l =1l-(4-f| yorohenzyl) 2- oxa-et hyl | carba
mc acid gf 143 ¢ u‘ifﬂé?fogwyﬁnét H‘WC F Ho1|) : 4vhlosbengylyt | on denzyl
(N, N ;1 ?Ih- ][ gr 140Ul DXHFRbIPRERY] '\LNH(IOCI-B 4HR' 4-chlorobenzyl benzyl
napht hal grga—2- g,
0. 759 mmol|) M\ Froc PRRWL £ | ugr &TEFF%% N -fgtorhgnzyl 0 g3depaybl ), |and d
i sopropy!| 4ty an fenléPpreadn NL.NECOGH rm.tol 4-Bee@k foehAT OBt Nagegyyl 5 added
PyBroP (0. . ﬁf‘ Jhel-solution is-held 25 at -20 C for
24 hours gf o8&} -Bporppheni o | |y AHCAE bnBveld $aeetPRsehng t hderbul ti ng
~ residue punss i lesjd-aifR enyicla- I = br od 52 WO -
02/ 085925p'3’_"‘5'1l 2%2/ 1”32?‘]1 d NI'KL'O(_II_-Q e i ez
" T49 phenyl -NHCOCH; | H benzyl 2-naphthylmethyl
150 4-chlorophenyl | -NHCOCH, | H benzyl 2-naphthylmethyl
151 4-fluorophenyl -NHCOCH; H " benzyl 2-naphthylmethyl
152 | 3,4-difluorophenyl | -NHCOCH; H benzyl 2-naphthylmethy!l
153 phenyl -NHCOCH; H | 2-imidazolylmethyl | 2-naphthylmethyl
154 4-chlorophenyl -NHCOCH; H | 2-imidazolylmethyl | 2-naphthylmethyl
155 4-fluorophenyl -NHCOCH;, H | 2-imidazolylmethyl | 2-naphthylmethyl
156 | 3,4-difluorophenyl | -NHCOCH; | H | 2-imidazolylmethyl | 2-paphthylmethyl
157 phenyl -NHCOCH; H | 4-imidazolylmethyl | 2-naphthylmethyl
158 4-chlorophenyl -NHCOCH; H | 4-imidazolylmethyl | 2-naphthylmethyl
159 4-fluorophenyl -NHCOCH; H | 4-imidazolylmethyl | 2-naphthylmethyl
160 | 3,4-difluorophenyl | -NHCOCH; | H | 4-imidazolylmethyl | 2-naphthylmethyl
161 phenyl -NHCOCH, H 4-fluorobenzyl 2-naphthylmethyl
162 4-chlorophenyl | -NHCOCH; | H 4-fluorobenzyl 2-naphthylmethyl
163 4-fluorophenyl -NHCOCH; H 4-fluorobenzyl 2-naphthylmethyl
164 | 3,4-difluorophenyl | -NHCOCH;,3 H 4-fluorobenzyl 2-naphthylmethyl
165 phenyl -NHCOCH; H 4-hydroxybenzyl | 2-naphthylmethyl
166 4-chlorophenyl | -NHCOCH; | H 4-hydroxybenzyl | 2-naphthylmethyl
167 4-fluorophenyl -NHCOCH;,3 H 4-hydroxybenzyl | 2-naphthylmethyl
168 | 3,4-difluorophenyl [ -NHCOCH, H 4-hydroxybenzyl | 2-naphthylmethyl



Preparation of N, N -di-tert-butoxycarbonyl-N'-{3-[1-[2-am no- 3-(4-

fl uor ophenyl) propi onyl ] - 4- ( napht hyl en- 2-yl net hoxy) pi peri di n-2-yl ] propyl } gua
ni di ne (22)wo oXossaesut i on of PCT/US02/13340
[2-]2-[3-(N ,N'-di -tert-but oxycarbonyl guani di no) propyl | - 4- napht hyl en-2 5

yl met hoxy) pi peri di n-1-yl]-1-(4-fl uorobenzyl)-2-oxo-ethyl]carbamc:acid

9H fl uoren-9-yl -nethyl ester,.21, (0.122 g, 0.132 mmol) and piperidine

(0.25 hu ,) iii dichloromethane is stirred at room tenperature for 30

m nutes. CoTgEETtTat e 1T VACRECBCEYTUS T e £iniBiGoetyPUUCEniinGithethyl Purified

over silic¢a qgell. 1 [‘eparation Q

2-acet yl ari H- N [4xhlopophaiyN | NNHEOCHe |t -Hut oxdyehinrehsmayl gdaZrnephihplmethyl

ropyl ] - 44 YR ETR, -

et hoy Vo e gproppend | | (NACOCH, | B | Atlopoboumyl | 2 pephiylypethl

hydr oxyphenyT? { Bdplitiesapheny! ZWCO‘?HB d bl \ht i4othlgspbenzyl | 2-naphthylmethyl

NN -di-t ; P UTOXYEEhAONYT T IWHCOCHS || 41 4 acetoxybenz 1 2-naphthylmethyl_ _ .
. . 'am no-3- <Z ‘{U( rnnhen\/) \nrnm onyll-4-I( napht hyl en<2- \/§{ oxy ) piperidin-2-yl

] propyl} | §lar)i drohlerophanyl ( 7 7NHEOCH: 109 mjopceipyaraayly | %ﬁpb@“%ﬂ*(lz .3 ny,

0. 131 moll 77T IATRELREY] 1P -REGORH, ||azg! ¢ ué&twben%llbézmmlﬂ_ JimefhyDMR (2

m) at 0 C_is-gdded 1-(3-di hethylam dopropyl) larboditmde |

hydr ochl or|i & |PBedifivorophenyh | - ad Bt 04G°¢Wb°2‘zﬂour -D4EREHmSEYY | t i oned

bet ween et[hgfy gnd aﬁmgﬁus by cargnat g, @gne Of 08&tizyl PNASe2nsphtyinRehyl

concentr atjed_id vac and—purified-gver ¢ili | 51 red

product . 20174 d p atrcmtqttheqy} H H benzyl 2-naphthylmethy

(2- ACﬁt KI iam m]y?[ J.hl(fﬂuoidpﬁ&i\’ypb“nzyuzz | ; [113- qganl Beﬁg) P]r ?pxt'f’iﬁﬁ’ylﬁethyl henyl)

nap t y ahe- =1\ i ON\L D per: (i al y 1 nvnnf y 1 L—B G- D eny p
ropi onami de 18¢ 2@)4“11&‘&’%911%‘8{ it i ont*of H benzy 2-naphthylmethy!
2-acetylammno-N[2Z2-T2-[3-N , N -di -tert-but oxycar bonylguanl di no)

B s T ) SBURES s b s i 2 )2 %0

di chl or orrethbaaer, ofBertinbodifentsiofthe RketdpifefakinOscaffaldéande prepated WBing mosulﬁcaamt t he

sol ution |§ ﬁ’i‘ 3€ &]o stir at roomtenperature for 7 hours. Concentration
and purifica SEPGVEBY 1 i ca gel affords the desired product, "Anal og 107,
fromTab$e 11. 30 Anot her category of receptor |igand anal ogs according to
the present invention rel atessd® conformational restricted rings
conprising the 5-ketopipgsazilne scatfol & haviodg formula: 53. WO

02/ 085925 PCT/ US02/ 13340 * N

0
Reagents and conditions: (a) acetic anhydride/pyridine, rt..

NHBoc ?cm NHBoc
HO\")\/\ L N\ﬂ)\/\
(e BC” © N
(o] (o]

10 Reagents and conditions: (b) O,N-dimethylhyroxylamine, HOBt, EDCI, N-nosthylmorpholine, DMF, 0 °C.

Reagents and conditions: (c) LAH, THF, -60 °C.
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w | z wherein the carbon indicated with an asterisk can have any
configuration. Table IIl relates to non-limting exanples of anal ogs
conpri si ng wofoemssh2saspect of this category, said anal ogs Ipaviusee/13siee
formula: if, NTAZI10 g ), 0 5 NH Hwherein R R2, R3, R4, and RO are
defined in Table I11. TABLE Il No. RRRRR 121phenyl - NHCOCH3Hbenzyl benzyl
1224- chl or ophenyl - NHCOCH3Hbenzyl benzyl

1234-f | uor ophenyl - NHCOCH3Hbenzyl benzyl

1243, 4-di f | uor ophenyl - NHCOCH3Hbenzyl benzyl Boc

125phenyl - NHCOCH3H2- i m daggl yl met hyl benzyl ' N

1264- chl or ophenyl - NHCOCH3 2-1m dazol yl nmet hyl benz;HI’

1274-f 1 uor opheny! - NHCOCIH3H2- i m dazor’y/| met hyl benzyk

1283, 4-di f | uor opheny! - NJOOCH3 y| mbthyl befizyl

129phenyl - NHCOCH3H4- i yol yl hyl benzyl
1304- chl or ophenyl - f&"‘ A-i mi dazol yhnet hyl benzyl
" '1314- f | uor ophenyl - @ H4- i i dazol yl met'hyl beng
1323, 4- di f | uor ophenyNRHCOCH3H4- i i dazol yl met hyl bgazyl
133phenyl - NHCOCH3H4- f | uor obenzyl benzyl

1344- chl or ophenyl - NHCOCH3H4- f | uor obenzyl benzy

1354- 11 uor opheny! - NHCOCH3RA_{| Uor ahenzy NaSRGY), ohi, 0 or.

“’TV—*JTV

7

5 Reagents and conditions: (¢) CLICH,COCI, E;N, CH,Cl, 0°C to rt..

Boc

peaatiisoas

58

Reagents and conditions: (f) TFA/CH,Cly, 1t.
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1363, 4-di f | uor ophenyl - NHCOCH3H4- f | uor obenzyl benzyl

137phenyl - NwG@zlogdsks hydr oxybenzyl benzyl PCT/US02/13340
1384- chl or ophenyl - NHCOCH3H4- hydr oxybenzyl benzyl

1394-f | uor ophenyl - NHCOCH3H4- hydr oxybenzyl benzyl

1403, 4-di f | uor ophenyl - NHCOCH3H4- hydr oxybenzyl benzyl

141phenyl - NHCOCH3H4- chl or obenzyl benzyl

1424- chl or ophenyl - NHCOCH3H4- chl or obenzyl benzyl g

1434-f | uor ophenyl - NHCOCH3 | or obenzyl benzyl |}, o

1443, 4-di f | uor ophenyl - or obenzyl benz
145phenyl - NHCOCH3H4- acet oxyhen beenzyﬁL’ ;Ij ?T/\\/

1464- chl or opheny! - NHCOCH3P#4- df et oxybenzyl benZyl ¥
1474-f 1 uor ophenyl - NHCOCH3H4-
: 1483, 4-di f | uor ophenyl - NHCOCH3H4- acetoxybenzylbenzyl
149phenyl - NHCOCH3Hbenzyl 2 .~hthylnethyl
1504- chl or ophenyl - NHCOCH3J3
1514-f | uor ophenyl - NHCOCH g
1523, 4-di f | uor ophenyl - NHCQ2H3Hbenzyl 2- naph met hyl
153phenyl - NHCOCH3H2- i mi dazol yl met hyl 2- napht hyl -net hy

1544- chl or ophenyl - NHCOCH3H2- ﬁF&ﬁ?% VPW%F%?Fémﬁabﬂ?ﬁylnethyl
1554-f | uor ophenyl - NHCOCH3H2- i m dazol yl met hyl 2- napht hyl net hyl
1563, 4-di f | uor ophenyl - NHCOCH3H2- i mi dazol yl net hyl 2- nggald hyl nmet hyl
157pheny! - NHCOCH3H4- i mi dazol yI met hyf1 2- napht hyl mgf hyl 0

1584- chl or ophenyl - NHCOCH3H4- i mi dg @yl 2- naphthyfnet hyl

1594- f | uor ophenyl - NHCOCH3H4- i m dgzollyl met hyl 2- napht jT%*Qd

1603, 4- di f | uor opheny! - NaGOCH3HAA azolylnmthylz n phthylnethyl
161phenyl - NHOOCH3H4g f | uor obenzyl 2-hapht hyl met Ayl ¢

1624- chl or ophenyl - NH -fluo obenzyl2 naphthylnet yl

1634-f | uor ophenyl - NHCOCH3H4- f | u i

5 Reagents and conditions: (h) N-Boc-amino acid, EDCI, HOBt, DMF.

gvﬁ?o ] ﬁ( )
ST (T

&) N 0 N

Reagents and conditions: (i) TFA/CH,Cl,, 1.



1643, 4-di f | uor ophenyl - NHCOCH3H4- f | uor obenzyl 2- napht hyl net hyl

165phenyl - NHCOCH3H4- hydr oxybenzyl 2- napht hyl net hyl

1664- chl or owbeRY$5928HCOCH3H4- hydr oxybenzyl 2- napht hyl net hyl pCT/US02/13340
1674-f 1 uor ophenyl - NHCOCH3H4- hydr oxybenzyl 2- napht hyl net hyl

1683, 4-di f | uor ophenyl - NHCOCH3H4- hydr oxybenzyl 2- napht hyl net hyl 55 WO

02/ 085925 PCTI US02/ 13340 169phenyl - NHCOCH3H4- chl or obenzyl 2- napht hyl net hyl
1704- chl or ophenyl - NHCOCH3H4- chl or obenzyl 2- napht hyl et hyI

1714-f 1 uor ophenyl - NHCOCH3H4- chl or obenzyl 2- napht hyl t

1723, 4-di f | uor ophenyl - NHCOCH3H4- chl or obenzyl 2- naph | et hyl
173phenyl - NHCOCH3H, 4- acet oxyben 2- napht hyl net h

1744- chl or ophenyl - NHCOCH3H4- gcet g%genzyl 2- napht netchy|
1754-f | uor ophenyl - NHCOCH3H4- a benzyl 2- naph h hyl

1763, 4-di f | uor ophenyl - NHCOCH3H4- g@iet emzyl 2- napht yl met hyl
gl

177phenyl HHbenzyl 2- r@ﬁ?;ﬂyl met h 1Y84- chl oropheny - napht hyl met hyl
1794-f | uor ophenyl HHbenZyl 2- rtaj et hyl — S
1803, 4- di f | uor ophenyl HM®®nzyl 2- napht hyl met hyl The”'f owng is an outline

of a synthetic pathway for preparing anal ogs 121-180, however, other
enbodi nents of the 5-ketopi perazZine scaffold can be prepared using

nodi fications to this general ) eqgent s and condi tions:
(a) acetic anhydride/pyridine ? 0 10 Reagents conditions: (b)

ON- di net hyl hyr oxyl am ne, HOB DCl, N-nethyl ine, DMV, O C O

) N o] N
5 Reagents and conditions: (k) H, PtO;, MeOH.

PREPARATION OF 5-KETOPIPERAZINE INTERMEDIATE
The following is a procedure for preparing the 5-ketopiperazine intermediate having the
formula:

10

i
A

H



0 Reagents and conditions: (c) LAH THF, -60 T. 56 WD 02/ 085925

PCT/ US02/ 13340 NHBOCc Y--~ O Reagents and conditions: (d) NaBH( OAc) 3, DWVF,
O Cto it. woBoessedd N CN H, N foe Reagents and conditi opgetuce13s#oCH2COC! ,
Et 3N, CH2C12, 0 Cto rt.. Boc | IN Reagents and conditions: (f)

TFA/ CH2C12, rt. 57 WD 02/085925 PCT/ US02/ 13340 Reagents and conditions: (Q)
pyridine, CHzCI2, rt. H I N CN G N5 Reagents and conditions: (h)

N- Boo-am no acid, EDCI, HOBt, DMF. R---- 70 Reagents and conditions: (i)
TFA/ CH2C12

* wheréin P his example R? is a 2-naphthylmethyl moiety.

5 Preparation of 2-N-(tert- butoxycarbonyl)ammo-4-cyanobutanoxc acid (25): A flaskis
charged with N—tert-butoxycarbonyl gluta.mme (24.6 g, 100 mmol), acetic anhydnde (1 12 g, 110
mmol) and pyridine (180 mL). The mixture is stirred for 18 hours then concentrated in vacuo.
The residue is partition between EtOAc and water and the organic layer is washed several times
with a citric acid solution, then with sat. NaCl. The organic phase is dried and concentrated in

10  vacuo to afford the desired product which is used without further purification.

Preparation of 3-cyano-1-(methoxymethylcarbamoyl)propyl] carbamic acid ferz-
Butyl ester (26): A solution of 2-N-(tert-butoxycarbonyl)amino-4-cyanobutanoic acid, 25 (22.8
g, 100 mmol), O,N-dimethoxy-hydroxylamine hydrochloride (10.6 g, 110 mmol), '

15 hydroxybenzotnazolc (16.2 g, 120 mmol), and N-methylmorpholine (132 mL, 120 mmol) in DMF
(150 mL) is cooled to 0 °C and 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide (24.9 g, 130
mmol) is slowly added. The resulting mixture is stirred for 2 hours at 0 °C then allowed to warm
and stir at room temperature another 2 hours. The reaction solution is diluted with water and the
resulting solid is collected by filtration, re-dissolved in EtOAc and extracted with water, dried and

20 concentrated in vacuo to afford a residue which is triturated with diethyl ether/hexane to afford a
white solid which is collected by filtration. The product is sufficiently pure for use without
further purification.

Preparation of 2-S-N-Boc-amino-4-cyanobutyraldehyde (27): To a solution of 3-

25 cyano-1<{methoxymethylcarbamoyl)propyl] carbamic acid zér¢-butyl ester, 26, (27.1 g, 100

' mmol) in 500 mL of THF at -30 °C to -25 °C is added LAH (100 mL of a 1M solution in THF)
over about 10 minutes and the reaction is then cooled to —55 °C and the stirring is continued for 3
hours. After cooling to -60 °C, the reaction is quenched by the addition of citric acid in methanol
(1:1 by weight). During quenching the temperature is maintained at about -45 °C. The mixture is

30 then allowed to warm to room'temperature and partitioned between EtOAc and water and the
water phase ex.tracted again with EtOAc. The organic phases are combined and washed with sat
NaCl, dried and concentrated i vacuo to afford the crude aldehyde which is used without further

purification.



WO 02/ 085925 PCT/ US02/ 13340 0OOZH Reagents and conditions: (])

N-acetyl-am no acid, EDCI, HOBt, DWMF. 5 Reagents and conditions: (k) H2,

Pt 2, MeOHwORBhBHENTI ON OF 5- KETOPI PERAZI NE | NTERVEDI ATE pdreusopidseoM ng i s a
procedure for preparing the 5-ketopi perazine internediate having the

formul a: 10 59 WO 02/ 085925 PCT/ US02/ 13340 wherein for this exanple RO is a
2- napht hyl net hyl noiety. 3-S-f4-(2-Naphthal en-2

yl et hvl ) - 5- oxo-'pi perazin-2-vlInronionitrile (31) 5 Preparation of

char ged w th N TGO AR Tl By 2 |

anhydri de Thel2udg aldghyoe 2-8ribBYc- mdo-ﬁyyammut}'ealqehﬂ@ This dlsﬂdh@dmm'ﬂi( 0mL) stirred
for 18 houf ol Bk @M maeaaqgolmmmg i, €25 s VF RAde! £ bet ween

Et OAc and water and the o I s wash several tines wt

citric aci#luioniscpded toth ﬁn%oehﬁméraacetowh@phydrﬂfé%f‘ &P emphdsaddsds The i ed and
co ?ﬁ e n% s?t dnSlonldd smeéath@o P@mﬂfag&m té HEnARS& ﬂlﬁdrs B 106t €mpilaiu€e) Al sirurdte@ d _

wi t hou urther puri re

5 cyano- | - (BT SRR Ch R BRSNS RGP B piot oLis Homse Tt BERYF et er
(26): A sobxﬁai:tecnwmf dléihﬁlelhé:edﬁcdlahﬂ axsenaadiao yifordie nndelproduanetichtiapurified aci d,

25, (22.8 ‘%Elﬂi 0, N- di met hoxy- hydr oxyl am ne hydrochl oride (10.6 g
110 nmmol ), beazotrlazole (16.2 g, 120 mmol ), and

N- et hyl rmrphollne (132 m., 120 mmol) in DM (150 nL) is cooled to O C and

added. e ! esof CPROGH S FAHAMLFR PR fokGop Sathuet il 5,20
warm and butyhitzile @DoFo o eshyinaf 8+5&V-Bercuringr4-2-uaphthaten-2ifiehylaeiodt on sol uti on
is dilut ed %56 @ggoé E&ol)raﬁé%k&m ,.§@'7'8%L §O(Fﬁéblgﬁgﬁﬂhl&$mét&lnkr ation,

re- dISSO|V 20 concentrat ed

in vacuo t (35091‘1116 held ¢f 0,°Ed5 added drprveiss chlgropgety} TN%@%G“\XA& F0anmRle)y Theat her / hexane

_,_)

rto afford gl doftidiik héld i Gd2 bhth f6:@h hddatofd h&iY, thd dolutiad édabentrakétEin picpsluct is

uff|C|entIyLEure for use w thout further purification. . Preparation of

2- S- N Bc- & SpERaYE PYise awRsilice 897) . To a sol ution of 3-

Preparation of 3-S-amino-4-[(2-chloroacetyl-2-naphthalen-2-ylethyl)amino]-
butylnitrile (30): A solution of 3-S-N-Boc-amino-4-[(2-chloroacetyl-2-naphthalen-2-
ylethyl)amino]butylnitrile, 29, (44.4 g, 100 mmol), triflucroacetic acid (50 mL), and

20 dichloromethane (500 mL) is stirred at room temperature for 30 minutes and then concentrated in
vacuo. The crude product can be used without further purification.

Preparation of 3-S-[4-(2-naphthalen-2-ylethyl)-5-oxo-piperazin-2-yljpropionitrile
(31): 3-S-amino-4-[(2-chloroacetyl-2-naphthalen-2-ylethyl)amino]-butylnitrile trifluoroacetic
25 acid salt, 30, (45.8 g, 100 mmol) is taken up in dichloromethane 1000 mL and pyridine (50 mL) is
added. The solution is stirred at room temperature for 24 hours and is then concentrated in vacuo.
The resulting crude product is purified over silica gel to afford the desired product as the
trifluoroacetate salt.

30 EXAMPLE 4

benzyl-2-0x0-ethyl}-3-(4-hydroxyphenyl)propi e (34



25 cyan-1| - (met hoxynet hyl car banoyl ) propyl] carbam c acid tert-butyl ester,
26, (27.1 g, 100 mmol) in 500 nL of THE at -30 Cto -25 Cis added LAH (100
mL of a 1Mggpdassoasn in THF) over about 10 m nutes and thpcrreswtsam i s then
cooled to -55 C and the stirring is continued for 3 hours. After cooling
to -60 C, the reaction is quenched by the addition of citric acid in

met hanol (1:1 by weight). During quenching the tenperature is naintained
at about -45 C. The m xture is 30 then allowed to warmto roomtenperature

and partitioned ﬁ&%ﬁgﬁgr‘)ﬁam 2 cgﬁlq)se b2 A0phthdiEn-2. YRk angﬁ_sﬁﬁg,e%ntpﬂ}.ed

again with EtCQAc are combl ned washed with sat

NaCl, dried- (éﬂélowﬁw})tzr‘a‘?tsﬂlyuwrb%{@eBﬂtléf”alf‘!‘ﬂreﬂe‘t @: Eped@uwnaéﬂﬂ‘é(%l chis

used wi t hoyhy hftﬂﬂefnfleflettgﬁ}JSbfd ﬁp&dm-ylﬁﬂopmtﬁﬁ/u%émw&aﬂm [ 4334000
Preparation of 3- oc- am - (2= napht hal en- 2-yl et hyl @g%no bu yI n| tr| |l e

(28): The WRUHEA- Méﬁgf&@t%!cgbﬂwﬁaem% (frduoropheasiipiaRinplcze
di ssol vesl |nmm.h9ae@be&bmamwazgoﬂzcmm Ol N2métryMibbhdiat (1ph mamme (17 19,

sodi v bt By S aS] i B tirrag bSR30 on

as stirred (4.9 £ 160 mnebl)ds dlowip edded 'mmmumugmmﬁumsttrsdmzrhomtwé@pmat ure. A

saturat ed ueqQus t | e

evol ution o C%%;{ sf“%ﬂ"}(i Lfﬁﬂro(a&lt&?é&am BJOE{élllr%jﬁ)act ggér%ac?ﬁéjﬁﬂ_\g?ﬂfs dhlét%l{:er
dried and odthooer ped rédresldtumfsﬂ&ldcqlh@ed:byufd@aupn,aﬁdle&olmmmdiﬂomanﬁmcﬁratieéd over
silica I

35 N o il 3P B ecRloted i pac o s it ogming i - oy -
butylnitrile (29): To a solution of

3-S-N-Boc-am no SRR ] 36.8 g,
100 mmol ) and tﬁ%ﬁ?l am ?\{gﬁ 363 (ﬁhﬂ&ﬂoﬁﬁ@nﬁ?’ﬁr;»pi@ﬁ&tl]yi aLﬁaﬂr‘iggrr}g_%ﬁgne( (500g

nL) hel d atylethy-5-exopigergziny fgaioemﬂeﬁ%ac%f%l‘rtwa R @l3-dayamestty)-4(2- 130
LTTTD' e). hTtha Htm&lz.ylagylwbx&plmmm W144-ﬂﬁormnmaﬁ&xa&hxynaﬁbamb a'mdm-l onal
pa:.Jlrf | ;aﬁe O}g;yi’t : O 832|g. 0{9%&%’ b u(\a/fﬁ&ggc a%x%( rth. %dtcrﬁj’tj;)rome ane {Sb(? mL
3- S- am no- 4s §tifizd aﬂ*rbmn capehipte-for- 2 tapis tatchtharncoBeeptra¢driy bdcaom Thecrudbprogicnis t ri | e
(30): A sol - i n- 2-
Vi et iyt ) ani SRS ey aRGaR L Bl kv yie P hir Ghtas sopBBBIMAET 0, |
(50 nl), ardded@ndi¢copingrtodistvhanc TioBeredipodie ispblainedid 94% yieskbm t enper at ure for
30 m nutes and then concentrated in vacuo. The crude product can be used
wi t hout further urification.

reparation of 2-acetylamino-N-[2-[2-(2-cyanoethyl)-4-(2-naphthalen-2-ylethyl)-5-

oxo-piperazin-1-yl]-1-(4-fluorobenzyl)-2-oxo-ethyl]-3-(4-hydroxyphenyl)-propionamide (34):

To a solution of 3-[1-[2-amino-3-(4-fluorophenyl)propionyl]-4-(2-naphthalen-2-ylethyl)-5-oxo-
piperazin-2-yljpropionitrile, 33, (47.2 g, 100 mmol), N-acetyl-L-tyrosine (22.3 g, 120 mmol), 1-
hydroxybenzotriazole (16.2 g, 120 mmol), and N-methylmorpholine (132 mL, 120 mmol) in DMF

25 (150 mL) is cooled to 0 °C and 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide (24.9 g, 130
mmol) is slowly added. The resulting mixture is stirred for 2 hours at 0 °C then allowed to warm
and stir at room temperature another 2 hours. The reaction solution is diluted with water and the
resulting solid is collected by filtration, re-dissolved in EtOAc and extracted with water, dried and
concentrated in vacuo to afford the crude product which is purified over silica gel.

30
_ Preparation of 2-acetylamino-N-[2-[2-(3-aminoethyl)-4-(2-naphthalen-2-ylethyl)-5-
oxo-plperazin-l-yl]-1-(4-ﬂuorobenzyl)-z?oxo-ethyl]-34(4-hydroxyphenyl)-propionamide (35):
To a suspension of 2-acetylamino-N-[2-[2-(2-cyanoethyl)-4-(2-naphthalen-2-ylethyl)-5-oxo-
piperazin-1-y1]-1-(4-fluorobenzyl)-2-oxo-ethyl]-3-(4-hydroxyphenyl)-propionamide, 34, (57 mg)

62




Preparation of

3-S-[4-(2-napht hal en- 2-yl et hyl ) - 5- oxo- pi perazin-2-yl]propionitrile (31):
3- S- am no- 4y (iessdrsor oacet yl - 2- napht hal en- 2- yl et hyl ) am nopclpmisyd/isdori | e
trifluoroacetic 25 acid salt, 30, (45.8 g, 100 mmol ) is taken up in

di chl oronet hane 1000 nL and pyridine (50 nL) is added. The solution is
stirred at roomtenperature for 24 hours and is then concentrated in vacuo.
The resulting crude product is purified over silica gel to afford the

desired pr oﬁu@tozem b ef 20% wwgm)qaﬁﬁthad& Al )lis add6l Wbﬁcoﬁc HCl The
2- Acet vl am n? @P’ % m nonro }Zﬂ %2 nant hal en- 5 =t %‘ 0x0- Pi ner
azi n- 1 - VI | - SPlutian,is\ydrog i‘&ﬁﬁﬁﬂ?ﬂ‘ °rg 5(Bgutsy BhesR Bt mPYEA SR FBTRHER %34) r 61
E/\(Z) ([)gl (2)85 9 28trRETY o3 Rt ated 3 Gacky ﬁmlﬁ’bﬂtthﬁﬁﬁamr%duct whéch is purified by prep HPIE_C uslnig

cyanoe napht hal e et 0X - -
1- I(4tf| ug?ﬁ?ﬁ‘ﬂﬁf‘(ﬁi&’i’%‘t«gﬁ}%&%g €°eaﬁ‘?‘°%fﬁ73ﬁ g@éﬁ%éﬁ(szg/: To a
sol uti on5o - - .
napht hal en-2- Y1 ehlel sigeQiarRbAgE ffafQe-czﬁtefr'dgafd%ﬂmg;irms'tgcén&mtmmacet-' c

acid salt, 31,
(R) - 2- N—(tenestnmd@)eye@nQI@mgFh)‘léﬁﬁ%lpwlmsmfmmhsﬂl}lerpmbpanm c acid (34 0
g, 120 5 mmol), 1-hydroxybenzotriazole (16.2 g, 120 mml), and '
N- et hyl mor pholine (132 nl, 120 nmol) in DVF (150 nmi) is cooled to 0 C and
1- (3-di net hyl am nopr opyl ) - 3- et hyl car bodi{ ni de (24.9 g, 130 mol) is slowy
added. The resulting mxture is stirre Y2 hours at 0 Cthen allowed to
warm and stir at room tenperature angﬁz 2 hours. The reaction solution is
diluted with water and the resultin 1dis collected by filtration,
re-di ssol ved in Et OAc and extracted 10 vp_qth wat er, dried and concentrat ed

in vacug d f oam n resi d
N A K R L s e K A
yl et hyl) - 5 ambgpiopprisiag mﬁﬁt—aype}:t-qfltlumtegmw,tsaldlaeamg’s:B)wng&hesbtmuﬂa on of

[ 2-[ 2- 2-cyanoet hyl ) - 4- ( 2- : )
napht hal en- 2-yl et hyl ) - 5- oxo- pi per t- yl]-1- (4-f | uor obenzyl ) - 2- oxo- et hyl ]
carbamc acid tert 15 butyl estep, 32, (57.2 g, 100 mmol ), trifluoroacetic
acid (50 nL), and dichl oronet hane m) is stirred at roomtenperature
for 2 hours and then concentraﬁ;e\ci/'tl(macuo The crude product is dissolved
i n dichloronmethane and the organic llayer wash W th saturated sodi um

bi carbonate, dried, and concentr H nipe desired product is
obtained in 94%yi eld. 20 Pr epar at on | of
2-acetyl am no- N-[ 2-[ 2- (2- cyanoet 4. (2- napht hal en- 2-yl et hyl ) - 5-

H
R? H

wherein R, R? R%, R*, and R’ are defined in Table IV.

15 TABLE IV

No. R R® R’ R? R’
181 phenyl -NHCOCH; H benzyl benzyl
182 4-chlorophenyl -NHCOCH; . H benzyl benzyl
183 4-fluorophenyl -NHCOCH; H benzyl benzyl
184 | 3,4-difluorophenyl | -NHCOCH; | H Demzyl benzyl
185 phenyl -NHCOCH; H | 2-imidazolylmethyl benzyl
186 4-chlorophenyl -NHCOCH; H | 2-imidazolylmethyl benzyl
187 | 4-fluorophenyl | -NHCOCH, | H | 2imidazolyimethyl benzyl

188 | 3,4-difluorophenyl | -NHCOCHs | H | 2-imidazolylmethyl benzyl

[2)]
w



0XO0- pi perazin-1-yl]-

pi onam de

(34):

To a sol ution of
3-[ 1-[ 2- amwo-oBoesssesf | uor ophenyl ) propi onyl ] - 4- ( 2- napht hal epcZrugbeibiol ) - 5- oxo

1- (4-fl uorobenzyl) - 2-oxo-et hyl]-3-(4-hydroxyphenyl)-pro

- piperazin-2-yl]propionitrile, 33, (47.2 g, 100 mmol), N acetyl-L-tyrosine
(22.3 g, 120 mmol ), 1- hydroxybenzotriazole (16.2 g, 120 mmol ), and
N- et hyl mor phol i ne (132 ni, 120 mmol) in DMF 25 (150 nL) is cooled to 0 C
and 1-(3-di nmet hyI am nopropyl ) - 3-et hyl carbodi i m de (24 9 g, 130 mml) is
slowy addetggT RCTvE | ng ”‘Nﬂ(.‘EUCH' BT A E5T8 LS Cthen
al | oned t ol warmn ? éth room I enperatiure ano] }1 hoursn&rhe rleaction
solution if 1891 ut’ééﬂWOPhﬁn%at eNEEGRLCH:hE Hres‘himlﬂﬁgl}'bnﬁth}’di i s cehdybct ed by
filtrationf T ERR6Y m me?' O R/t TIaE] rrers a—ar
concentr at blﬁfn vacno @En}‘ flord t %mr de gfn .{i:a(gpiy!lﬂrmhﬂyﬁ | S DHL%I{}J ied lover
silica gel| 189 P3.&pilugrophsaylqf -NHCOCH; | H | 4-imidazolylmethyl " benzyl
2-acetyl anfTgs N2~ B- am N dDtH, F- 12 MoB o ReEviZ - _
oxo- pl per agl n- 1yl ] I-Pﬁ A-fJ-lnunpnnzal -2-0x0-et hy T“—%-( -hydro Emhpnyll')-’pro i
pi onam de | 38%: |~ 4reblerorynyle r|siNHCQFH: | H 4-fluorobenzyl benzyl
2-acet yl amf s N T Zebarofhény]y ANOGICOCH, [+ i12 AR BRETy12 Y1 ST iy 5 0X0-
pi perazi n-l-yl 1k uoro - 0X.0-elt h\/l =3-(4- hydr oxyphenyl) -for opi on
am de, 34,| (8¢ @ﬁ@zorf’vwlc 27% P/ Uso4rmombenzdnd | pt OPepat g of 20%
by wei ght) {7 net hapginyl 3 Nl) -NECEHIEQ Hne A BRArdbeagIC|{ Clbenzl€  Spol ution
I s hydr ogepated e r 1.5 hou The @E{Q ?IQT $ rpm'??lzcéld by
filtration| a8 | nhéchleephepyt T@%entﬁat ed lpyﬁ:qméea%ylt o af 5P t he ffi nal
product whi GogTF PehérbpteAy1DY mmm@ﬂ  HSTINGL-hy3fcR i }l“ e TgefgyyVat erj t o
yield 26 m This corresponds Z from A_5 Anot her laspect
of this caf &§8r}3Hfifluproptisnyy TWE‘anaHogs 4!"&1‘%"&’%“% bonf dieA®t i ona)l |y
. restricted/ angF Congédyﬁl ng |t hecodest opHperaz,ch[gmg@&g,lT ol naeéhi?g the
formula: 1 '() whbrely e VY unit 'cannr auanidino 1| et Vi abledl ||
rel ates to| f8A- |‘fff'{1?rﬁ’é“B¥3ainm'gc%¢m anHl ogszéblﬁ’iﬂbi’“ﬁlng a fibesp! aspect of
this cat egorz;os S&#-ﬂucﬂ'ﬂ[ﬂieﬁ)ﬂs NaHCQCH;ne Horjmuk@hlomwbenzA2 R4 Huwshgiel n R, R2,
R3, R4, ang—R9—pre 4 A—at-atNM—35FAREE—
’ ’ 204' 3 Idffluorophenyl ) s | H ‘4-chlorobenzyl benzyl

205 phenyl -NHCOCH; | H 4-acetoxybenzyl benzyl

206 4-chlorophenyl -NHCOCH; | H 4-acetoxybenzyl benzyl

207 4-fluorophenyl -NHCOCH; | H 4-acetoxybenzyl benzyl

208 | 3,4-difluorophenyl | -NHCOCH; | H 4-acetoxybenzyl benzyl

209 phenyl -NHCOCH; H benzyl 2-naphthylmethyl

210 4-chlorophenyl | -NHCOCH; | H benzyl 2-naphthylmethyl

211 4-fluorophenyl -NHCOCH; H benzyl 2-naphthylmethyl

212 | 3,4-difluorophenyl | -NHCOCH; | H benzyl 2-naphthylmethyl

213 phenyl -NHCOCH; | H | 2-imidazolylmethyl | 2-naphthylmethyl

214 4-chlorophenyl -NHCOCH, H | 2-imidazolylmethyl | 2-naphthylmethyl

215 A-fluorophenyl | -NHCOCH; | H | 2-imidazolylmethyl | 2-naphthylmethyl

216 | 3,4-difluorophenyl | -NHCOCH; | H | 2-imidazolylmethyl | 2-naphthylmethyl

217 pheny!l -NHCOCH, H | 4-imidazolylmethyl | 2-naphthylmethyl

218 4-chlorophenyl -NHCOCH; H | 4-imidazolylmethyl | 2-naphthylmethyl

219 4-fluorophenyl -NHCOCH; | H | 4-imidazolylmethyl | 2-naphthylmethyl

220 | 3,4-difluorophenyl | -NHCOCH; H | 4-imidazolylmethyl | 2-naphthylmethyl

21 phenyl -NHCOCH,; H 4-fluorobenzyl 2-naphthylmethyl

()]
B



No. RRRRR 181phenyl
1824- chl or ophenyl

- NHCOCH3Hbenzyl benzyl
- NHCOCH3Hbenzyl benzyl

1834- f | uor opbewdsedsHCOCH3Hbenzyl benzyl

1843, 4-di f | uor ophenyl

185phenyl

1864- chl or ophenyl -

. 1883, 4- di
PCT/USOZ/
1904- chl or
1914-f 1 uor
1923, 4-di f
193phenyl
1944- chl or
:1954-f | uor
1963, 4-di f
197phenyl -
1984- chl or
1994-f | uor
2003, 4-di f
201phenyl -
2024-chl or
2034-f | uor
2043, 4-di f
205phenyl
2064- chl or

PCT/US02/13340
- NHCOCH3Hbenzyl benzyl
- NHCOCH3H2- i m dazol yl met hyl benzyl
NHCOCH3H2- 1 m dazol yl nmet hyl benzyl
1874- quorophenyI NHCOCH3H2 |n1da;olylnethylbenzyl
Dt 2 u:lL yi yHT 636G 572 %ﬁﬁ
33228 8 % &OP/[?EE‘ 2 m dgzol vﬁmd "]t?b, nz |‘2°Haﬁﬁﬁ19ﬁﬁét
o[228n ! 4&&@@1&48}1!4 i may ekt hkl léfﬂnzlpbenzyl 2-naphthylmethyl
O3y b 2 S e T st . ]
ngo %’emd - NH M-I 1] a7o vl n'e':4 ﬁi\l}frébenlel 2-naphthylmethy
- NFESOCH3 H4-phenybr obg nHMGHRy| H | 4-hydroxybenzyl 2-naphthylmethyl
U'F%?gn/r ) sagim AYTeliy -
p en-I? lmr—llzl-fluoro Enk, Hgnggwwpnmamw. 2-naphtbylmethyl
| (37 o phérilpprophedCHAHGAGH bbEnz)y | 4%dropybenzyl | 2-naphthylmethyl
R RSP RY I CIRACOtHZ Y T H | 4hyd 2-naphthylmethy]
ophenyl - NH 3HA- hmoxv tehzyl bﬁ vy roxybenzyl n_ap foyimethy
oPA8ny| - NHEEIH3H4-|h Qg@'be hz ¥l blen#yhlorobenzyl | 2-naphthylmethyl
30 O PN ldNlbrop IO, OKY BENZY U RB%Binzyl | 2-naphthylmethy]
H HHA- chl orobhganzyl hpn7v
oA3ény | 4uetophanyly - ic nyyHoelnz ¢ichlorobenzyl | 2-naphthylmethyl
O8Ny B 21y pRenl-| CINHOGUIGNE Y HOeNZ -
or )Ennvl EI(";@LBHA_ chl or 1h§27/| xlgl:]lgl\'?bcnzyl 2-naphthylmethyl
- INH&&CH3 HA P&E’é’i oxyhenHGQehz || H | 4-acetoxybenzyl | 2-naphthylmethyl
6@3@?‘ T 41 htepRegy - | A COCHRE N Z W e "¥detoxybenzyl | 2-naphthylmethyl
235 4-fluorophenyl -NHCOCH; H 4-acetoxybenzyl | 2-naphthylmethyl
236 | 3,4-difluorophenyl | -NHCOCH; | H 4-acetoxybenzyl | 2-naphthylmethyl
237 phenyl H. H benzyl 2-naphthylmethyl
238 4-chlorophenyl H H benzyl 2-naphthylmethyl
239 | 4-fluorophenyl H H benzyl 2-naphthylmethyl
240 | 3,4-difluorophenyl H H benzyl 2-paphthylmethyl

The following is an outline of a synthetic pathway for preparing analogs 181-240

beginning with a synthetic intermediate which can be prepared in a manner similar to the

compound described in Example 3, analog 167 above.
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2074-f | uor ophenyl - NHCOCH3H4- acet oxybenzyl benzyl

2083, 4-di f | uor ophenyl - NHCOCH3H4- acet oxybenzyl benzyl

209phenyl - NHE0OX#83¢4senzy| 2- napht hyhnet hyl PCT/US02/13340
2104- chl or ophenyl - NHCOCH3Hbenzyl 2- napht hyl net hyl

2114-f1 uor ophenyl - NHCOCH3Hbenzyl 2- napht hyl net hyl

2123, 4-di f | uor ophenyl - NHCOCH3Hbenzyl 2- napht hyhnet hyl

213phenyl - NHCOCH3H2- i mi dazol yl et hyl 2- napht hyl et hyl
2144-ch|oropheny|- H2-i m dazol yl net hyl ;ngphthylnethyl
2154-f | uor ophenyl - -im dazol yl net hy® pht hyl net hyl
2163, 4- dlfluorophenyl H2-1 m dazol yl get Hyl 2- naphthylnethyl
217phenyl - NHCOCH3H4- ﬁhi azol yl met hyl 2- napht t hyl

2184- chl or ophenyl - Nt -|n1dazolylneh yLR- aphthylnethyl

2194-f 1 uor ophenyl - NH |n1dazolylnethyI2 naphthyl

2203, 4-di f 1l uor ophenyl - Ng dazol yl { hyl .
-221phenyl’-"NHCOCH3H4- f | yor o enzyl2 naﬁhrﬁyl yi 64 - 2/085925
PCT/ US02/ 13340 2224- KOphenyl| - NHCOCH3H4e u r obenzyl 2- napht hyl net hyl

2234-f 1 uor ophenyl - NHCOCHBH4- f | uor obenzyl 2- napht hyl et hyl
2243, 4- di f | uor ophenyl - HCOCH3H4- f | uor obenzyl2- napht hyl net hyl
225phenyl - NHCOCH3H4- hydgoxybenzyl 2- napht hyLagt hyi

- . 2264- chl or ophenyl -
2274- f | uor ophenyl - ' 3
2283, 4-di f | uor ophen{ /jHCOCH3H4-hydroxyb- | 2- napht hyl net hyl
229phenyl - NHCOCH3H4- Thl or obenzyl 2- napht hyNret hyl

2304- chl or opheny| - NHCOCHRe#gens ki oonditios (@) o RHEO(SGHE=RBok, THeCiiy. |
2314-f 1 uor ophenyl - NHCOCH3H4- chl or obenzyl 2- napht hyhet hyl|

:2323, 4-di fl,uor opheny!| - NHCOCH3H4- chIorobenzyIZ na hthylnethyl
233pheny| NHCCCH3H4R e mxybenzyIZ naphthylnetp

By

S o

§

) Reagents and conditions (b) TFA:CH,Cly, 1t.

1]-1-{fluorobenzyl)-2-oxo-ethvl]-3-(4-hvdroxyphenvl)-propionamide (3

10
Preparation of 2-acetylamino-N-[2-[2-[3-(N’,N"*-di-Boc-guanidino)propyl]-4-(2-
naphthalen-2-ylethyl)-5-0xo-piperazin-1-yl]-1-(4-fluorobenzyl)-2-oxo-ethyl]-3-(4-
hydroxyphenyl)propionamide (36): Mercury(Il) chloride (10.3 mg, 0.038 mmol) is added to a
solution of 2-acetylamino-N-[2-[2-(3-aminoethyl)-4~(2-naphthalen-2-ylethyl)-5-oxo-piperazin-1-

15 yl] -1- (4-ﬂuorobenzy1)-2-oxo-ethy1]-3-(4-hydroxyphenyl)prop1onam1de. 35, (26 mg, 0.038 mmol),
66 _ _ : .



2344- chl oxophenyl - NHCOCH3H4- acet oxybenzyl 2- napht hyl net hyl

2354-f | uor ophenyl - NHCOCH3H4- acet oxybenzyl 2- napht hyl net hyl

2363, 4- di f | woroojo$sozs/| - NHCOCH3H4- acet oxybenzyl 2- napht hyl netplesghuso2/13340
237phenyl HHbenzyl 2- napht hyl met hyl 2384- chl or ophenyl HHbenzyl 2- napht hyl net hyl
2394- f | uor ophenyl HHbenzyl 2- napht hyl net hyl

2403, 4-di f | uor ophenyl HHbenzyl 2- napht hyl met hyl The followng is an outline
of a synthetic pathway for preparing anal ogs 181-240 beginning with a

synt het :JICdI RB%[s(faﬁibﬁb)@catbbn@l}ZQﬁdmybe-tméﬁm%?Ga%!ﬂm’g mmg?ﬁ% anmtozﬂ; % léagﬂz?hSet he
conmpound de above )
PCT/ US02/ 13@3@138??%‘“‘8% W(ﬁsﬁaﬁgﬁ%ﬁeﬁmmli Fttsd at § °Gfor 1 hour.

Boc NHC( SCI—lsj'sd\iamon mﬁw; theit dilukdd, with Et@ Ak, Sltdreirronghsa pad of Cdinsladditky Tatrdtd))

TFA: CH2C12,

2- Acetyl anmi lrsic‘):0 en V(I ?‘f‘oé?l s SBeeRrofust o 2g oL b Aeeledpe BRSNS S oxo-n
i nerazi n5l silida, gﬂ(@ﬂzﬁiﬂmﬁhmb Ill) 1)20 affayd 33 ingy bfl thcadcéxﬁdlpwdu@wmhmn\sbl)d Dr 0

| onam de (37) 10 Preparation of '

2-acetylam no-N-[ 2-[2-[ 3- £2cl\l’n Boc guani di no) pr opyl ] -4 (2-

napht hal en- 2-yl 1!?9‘?")‘“‘51‘25 WB@FM&E%(MMM@NMD%@WM!QMPD -2~ 0x0- et hyl ]

6305, g hy?;ﬂz«m@% mmmnqnﬁ (’@ﬂ&&&)enz,w SHoleityBlal 4 HFaRRYSifenfti0- 3 MO,

2- acet y| am PiepiQnamide @71 sAé?h“’r?Bé’f WGVW Haldti3-REME rdiBogizuanidinoyprepylx o- pi per

azin-1 185 4—(2-naphtha1en-2-y1ethyl)-5-oxo-p1perazm 1-ylJ-1- (4-ﬂuorobenzyl)-2-oxo-ethyl] 3-(4-

%”2]6 E-Tg( 40f :) ol Obetm% rop21onqXa.m?deegg~| &S]mg, 38(mmcr>]ydrﬂ?1§1>cl>gce n&é 3 (p 2:33211&1 am de, 35,
dlchloromethane (2 mL) is stirred at room temperature for 5 hours. The solution is concentrated

in vacuo and the crude product purified over silica gel (acetomtrﬂe TFA:water) to afford 24 mg
(86 % yield) of the final product which con'esponds to analog 227, Table IV, ‘
15
Another category of receptor ligand analogs according to the present invention relates to

~ conformationally restricted rings comprising the 3-keto-piperazine scaffold having the formula:

Y
L
Iil ]
20 wherein the carbon indicated with an asterisk can have any configuration. Table V relates to non-

limiting examples of analogs comprising a first aspect of this category, said analogs having the
formula:

T
&
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66 WO 02/ 085925 PCTI US02/ 13340

1, 3-bis(tert-butoxycarbonyl)-2-nethyl -2-thi opseudo urea (11 ng, 0.038 mmol)
and triet hwembmosses(21 CL, 0.152 mmol) in dry DVF (2.0 mLecaaded/f3gsor eacti on
m xture is stirred at O Cfor 1 hour. The reaction mxture is then diluted
with EtOAc, filtered through a pad of Celite, and the filtrate is
concentrated in vacuo to afford the crude product as an oil. The crude
isolate is purified over silica gel (CH2dO 2/ nmethanol, 14:1) to afford 35
ng of the d 9 Preparatlon of

2-acetyl am ﬁgéf@ﬁzﬁ mggn%%%ﬁg%%%g4 (2- napht hal en- 2-

yl et hyl ) - 5- oxo- plpera2|n | -yl]-21-(4-fl uorobenzyl)-2-oxo-ethyl]-3-(4-hydroxy
phenyl)- propionam de (37): A soI uti ofaBfgv

2-acetyl a Q-NT2-[2-T3-(N | - dj Rnr-mmnl di nnlmnnvl] 10 5
4- (2- napht haNen-[2- yl et Byl ) - 5- bxo- Bi per dzi®- - yI 1 - R (4-f1 yor obeRzyl ) - 2- oxo- e
thyl]-3- (4 4gqT uxyp%%) P PRAAOOTHYY, 10, wmy—l-ss MO Jhen zyl o
trifluoroageticiacid (1 m) ahd dich dr onefhane (2" m) ils QTIFI’P(‘L room
tenperature ¥ |5 febipwphenie 5oNHEPEH: ils Boncent beedd i 1] vacsz¥nd tlhe
crude prod{ITE3p0r T YIFRBopRER)T S E@aﬁ | [Cag e ont TRl | TFA WAl b0 afford
24 mg (861 % via d) pf he fi nrodudt. whilch Lnrr’aqlnnnrq tao anal aq (227,
Tabl e 1V. [1524ndt Bédiflugrogheayl oﬁ"Hc@Qgpt orH| ilgandbegdl ogs |accdie@Bihg tq t he
present i nyepds an TelmERF (0 | CRACOCHRL|T afa ZMmIﬁfdlﬂn&B q T &azgonpr|i sing
t he 3-ketoppl mwmf Qrm CNYY N-O 7120
wherein the ﬁrbon“?ﬂﬂ’i"&%ﬁ“@d NHCQGRE Rt H | sl@'@m%h%ry cotﬁf‘?yéurat i on.
Tabl e V relad&s |t 043RBropheni® [ | NNHEREAPI|ESH Of 2aRAhAKImARIN! | STHRaz@ T11|st
aspect of s PW—%@@J—G@&—I:M he & iar 67

248 | 3.4-difluorophenyl | -NHCOCH; | H T 2-imidazolylmethyl benzyl

249 . _phenyl -NHCOCH; |- H | 4-imidazolylmethy]’ “ benzyl

250 4-chlorophenyl -NHCOCH;.( H [ 4-imidazolylmethyl benzyl

251 4-fluorophenyl -NHCOCH, H | 4-imidazolylmethyl benzyl

252 | 3,4-difluorophenyl | -NHCOCH; H | 4-imidazolylmethyl benzyl

253 phenyl -NHCOCH; H 4-fluorobenzyl benzyl

254 4-chlorophenyl -NHCOCH, H 4-fluorobenzyl benzyl

255 4-fluorophenyl -NHCOCH;, H 4-fluorobenzyl benzyl

256 | 3,4-difluorophenyl | -NHCOCH, H 4-fluorobenzyl benzyl

257 phenyl -NHCOCH;, H 4-hydroxybenzyl benzyl

258 4-chlorophenyl -NHCOCH; H | 4-hydroxybenzyl benzyl

259 4-fluorophenyl -NHCOCH, H 4-hydroxybenzyl benzyl

260 | 3,4-difluorophenyl | -NHCOCH;3 H 4-hydroxybenzyl benzyl

261 phenyl -NHCOCH; H 4-chlorobenzyl benzyl

262 4-chlorophenyl -NHCOCH; H 4-chlorobenzyl benzyl

263 4-fluorophenyl -NHCOCH; H 4-chlorobenzyl benzyl

264 | 3,4-difluorophenyl | -NHCOCH; H 4-chlorobenzyl benzyl

265 phenyl -NHCOCH, H 4-acetoxybenzyl benzyl

266 4-chlorophenyl -NHCOCH;, H 4-acetoxybenzyl benzyl

267 4-fluorophenyl -NHCOCH; H 4-acetoxybenzyl benzyl

268 | 3,4-diflnorophenyl | -NHCOCH, H 4-acetoxybenzyl benzyl

269 phenyl -NHCOCH; H benzyl 2-naphthylmethyl

2]
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WO 02/ 085925 wherein RL, R2, R3, R4, and RO are defined in Table V. TABLE V

PCT/ US02/ 13340 No. RRRRR 241phenyl - NHCOCH3Hbenzyl . benzyl

2424- chl or optoen2yBs9HCOCH3Hbenzyl benzyl PCT/US02/13340

2434-f | uor ophenyl - NHCOCH3Hbenzyl benzyl

2443, 4-di f | uor ophenyl - NHCOCH3Hbenzyl benzyl

245phenyl - NHCOCH3H2- i m dazol yl met hyl benzyl

2464- chor ophenyl - NHCOCH3H2- i mi dazol yI rret hyl benzyl

2474-f | uor optigEy =Tyt Ty rTEtRY TPENZ Y .

2483, 4-di {1 Juar opheny T ST N hyl ben?’w 2 naphthylmethyl

249phenyl - H(Ibl?l—Bl—léﬂ-ﬂlWthml y||mi¥HGOCHe 1ZHI benzyl 2-naphthylmethyl

2504- chl or optyEHy H: M %ﬁ@q et yi benz -

2514-f 1 uor oph yzgv % y!l az0 v[m f i llhenzy ezl 2-naphthylmethyl

2523, 4-di f uc%p henyl PfNFKl:OO-B H4-NHEQfHs0| yHrelt Fripridaeplyimethyl | 2-naphthylmethyl

253pheny| - NGRS JEPhGREN Y INIOGOH, | H | 2-imidazolylmethy]l | 2-naphthylmethyl

+ 2544~ chl or ou'\hpn\/ - NHCOCHRHA- f lluor nhpn7v hpn7yl - : -

2554-f | uor opraay| - Mefzorsabenyl 1 || udVEERGHy | hBnZ]y3-imidazolylmethy] | 2-naphthylmethyl

2563, 4-di f | UoFRD Tendind HA-NHEBCHOFTAY | [PEd¥dzolylmethyl | 2-naphthylmethyl

257pheny| - NH 1\/dr oxyhenzy henzvyl — :

2584- chl or opl"?é?ly - NHCI?&H@H4 hy NGz /| Ber{z4imidazolylmethyl | 2-naphthylmethyl

2594-f [ uor o yi- NW%%T Ny dINHOGEZY T Hen Vimldazolylmethyl 2-naphthylmethyl

2603, 4-di f =hydr oxyhenzyl henzy]

261phenyl - NHCHHB -yorepheybn A y‘r}ﬂ@?f%@ﬂ H °| 4-imiddzolylmethyl | 2-naphthylmethyl

2624- chor opheRy *WW' 3eHZy| 4-1m1dazolyl.methyl 2-naphthylmethyl

2634-f | uor o - NHCOCH3HA- chlgrobenzy

2643, 4- di f | udBbpheny! P HaNHEUHsp ey | beﬁzf\}‘Pmbmyl 2-naphthylmethyl

265pheny| - NFGREHS H-cuedpheiy € 1 Z INFREoEas! : 4-fluorobenzyl | 2-naphthylmethyl

' 283 4-fluorophenyl -NHCOCH; | H 4-fluorobenzyl 2-naphthylmethyl

284 | 3,4-difluorophenyl | -NHCOCH; H 4-fluorobenzyl 2-naphthylmethyl
285 phenyl -NHCOCH;,3 H 4-hydroxybenzyl | 2-naphthylmethyl
286 4-chlorophenyl -NHCOCH;,3 H 4-hydroxybenzyl | 2-naphthylmethyl
287 4-fluorophenyl -NHCOCH; H 4-hydroxybenzyl | 2-naphthylmethyl
288 | 3,4-difluorophenyl | -NHCOCH; H 4-hydroxybenzyl | 2-naphthylmethyl
289 phenyl -NHCOCH; | H 4-chlorobenzyl 2-naphthylmethyl
290 4-chlorophenyl -NHCOCH; H 4-chlorobenzyl 2-naphthylmethyl
291 4-fluorophenyl -NHCOCH;, H 4-chlorobenzyl 2-naphthylmethyl
292 | 3,4difluorophenyl | -NHCOCH,; H 4-chlorobenzyl 2-naphthylmethyl
293 phenyl -NHCOCH, H 4-acetoxybenzyl | 2-naphthylmethyl
294 4-chlorophenyl -NHCOCH; H 4-acetoxybenzyl | 2-naphthylmethyl
295 4-fluorophenyl -NHCOCH; | H 4-acetoxybenzyl | 2-naphthylmethyl
296 | 3,4-difluorophenyl | -NHCOCH;, | H 4-acetoxybenzyl | 2-naphthylmethyl
297 phenyl H H benzyl 2-naphthylmethyl
298 4-chlorophenyl H H benzyl 2-naphthylmethyl
299 4-fluorophenyl H H benzyl 2-naphthylmethyl
300 | 3,4-difluorophenyl H H benzyl 2-naphthylmethyl

. 689




2664- chl or ophenyl - NHCOCH3H4- acet oxybenzyl benzyl

2674-f 1 uor ophenyl - NHCOCH3H4- acet oxybenzyl benzyl

2683, 4-di f | worcapbsersy | - NHCOCH3H4- acet oxybenzyl benzyl PCT/US02/13340
269phenyl - NHCOCH3Hbenzyl 2- napht hyl met hyl 68 WD 02/ 085925 PCT/ US02/ 13340
2704- chl or ophenyl - NHCOCH3Hbenzyl 2- napht hyl net hyl

2714-f1 uor ophenyl - NHCOCH3Hbenzyl 2- napht hyl net hyl

2723, 4-di f uor ophenyl NHCOCHSHbenzyI 2- napht hyl met hyl

g;ighgmlor ophenyl - og%qgé%k azo%ma@%%&nak{ﬁgﬁmﬁ anatl s?A1-300

2754- f | uor oREeNer: DNH@&’QHBF@‘% qﬁﬂmmra}inmﬁgm zmbapmﬁsd mhr}qdlﬁcanons to
2763, 4- dlflqgggﬁgﬁyawdyHCOCHSHZ i m dazol yl met hyl 2- napht hyl et hyl
277phenyl H4-i m dazol yl met hyl 2- napht hyl net hyl

2784- chl or ophenyl - NHCOCH3H4 i m dazol yl met hyl 2- napht hyl net hyl

2794-f | uor ophenyl - H4-i m dazol yl net hyl 2- naphsd

2803, 4- dlfluorophenyl HCOCH3H4- i i dazol yl met'hyl 2- naph hyInetH??z
281phenyl - NHCOCH3H4 u--ebenzyl2 naphthylnethyl HkN o
2824- chor ophenyl -

2834-f | uor ophenyl @loo H4- BB obepz aphi hyl r cb,C,
2843, 4-di f | uor ophpe - NHCOCH3H4- foéz orobenﬁ%gl 2- nap | met hyl
285phenyl - NHCOC hydr oxybenzyl™2="napht hyl net hyl

2864- chl or ophenyIRAHCOCH3H4- hydr oxybenzyl 2- napht
2874-f 1 uor ophenyl - NHCOCH3H4- hydr oxybenzyl 2- napht
2883, 4-di g1 uor ophenyl - NHCOCH3H4- hydr oxybenzyl 2- nag
289phenyl - NHCOCH3H4- chl or obeazq}(gngmgagmo{;gy@)@&pydm DME.

2904- chl or ophenyl - NHCOCH3H4- chl or obenzyl 2- napht hyl net hyl

2914- f | uor ophenyl - NHCOCH3H4- chl or obenzyl 2- napht hyl net hyl

2923, 4-di f | uor ophenyl - NHCOCH3H4- chl orobenzyl Z@t hyl met hyI | '

NO;

roas s ot

£

Reagents and conditions: (b) TFA:CH,Cly:H,0, nt; (c) 2-nitrosulfonyl chloride, TEA, CH,Cly, 0°C to t.
10

- 70



293phenyl - NHCOCH3H4- acet oxybenzyl 2- napht hyl net hyl

2944- chl or ophenyl - NHCOCH3H4- acet oxybenzyl 2- napht hyl net hyl

2954- f | uor ek eIMEks2RHCOCH3HA- acet oxybenzyl 2- napht hyl net hyl pet/uso2/13340

2963, 4-di f | uor ophenyl - NHCOCH3H4- acet oxybenzyl 2- napht hyl et hyl
297phenyl HHbenzyl 2- napht hyl met hyl 2984- chor ophenyl HHbenzyl 2- napht hyl net hyl
2994-f | uar ophenyl HHbenzyl 2- napht hyl et hyl

3003, 4-di fl uor ophenyl HHbenzyl 2- napht hyl met hyl . 69 WD 02/ 085925

PCT/ US02/ 13340 The following is an outline ghk_a synthetic pathway for

prepari ng anal ogs 241-3 however, ot her di ments of the piperazine
scaffold can be prepare } nodi fi cati onnsg 1S N this general schene.
BocNH\ 7 v NHCbz 5 Reagehts dnd conditions: a)qE HOBt, DMF. NO2 Boc
NHMz 102 H. .~~~~ e N NKGfz N O Reagents an condltlons (b)

TFA: CH2Cl 2: H20, rt; (c)H/zN \Eany! chl Cl2, 0 Cto rt.
10 70 V\D 02/ 085925 PCT/ hJ\SO /13340 NOZ ﬁ
;a& ;
Reagents and conditions: (d) BrCH,CH,Br, K,CO;, DMF; 55 °C.

S

501

conillcos

§ 8

5 Reagents and conditions: (¢) p-thiophenol, KoCO,, acetonitrile; 1t.



S02 H N NHCbz 0 Reagents and conditions: (d) BrCH2CH2Br, K2CO3, DWF; 55
C. N2 5 102 NHCbhz CN N O c4 NO2 S02 1 NHCbz CN N N 1~ "~ N K bz
Reagent s arg 65daed2ki ons: (e) p-thiophenol, K2CQO3, acetoni petiuSizsio 71 WO
02/ 085925 H3C 0 PCT/ US02/ 13340 NUCbz | Reagents and conditions: (f) EDCI,
HOBt, DMF. NEICbz ns CN '

N R¢ HaC\foH R?

X, < f;

R\)\( R\/k(
(T~ ELA”““’

&5

5 Reagents and conditions: (g) H,: PtO;, MeOH.

PREPARATION OF 3-KETOPIPERAZINE INTERMEDIATE
The following is a procedure for preparing the 5-ketopiperazine intermediate having the formula:
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N O OOP-13 5 Reagents and conditions: (g) H2: FA, McOH 00zC3i 3 PREPARATI ON
OF 3 KETOPI PERA U 1E | NTERMEDI ATE The following is a procedure for
preparing thg onegsedsOpi perazi ne internedi ate having the fopﬁwhgoz/lﬁ?.m WO

02/ 085925 N + NCbz R co2c 42 wherein for this exanple RO is a 2-napht hyl
noi ety. PCTI US02/ 13340

2- 13- (3- Benzvl oxvcar bonvl am nonronvl ) - 2- oxo- ni nerazin-1-vll- 5

3- napht hal en-2-vl -proni onic acid nmethyl ester (42) Preparation of

2- (5- N. Cbz-am no- 2- N- Boc- am no- penganoyl am no) - 3- napht hal en- 2- 'yl - propi oni ¢
acid methyl ester (38): A solutionlof 1-anino-3-naphthalen-2-yl propionic
acid nethyl ester (22.9 g, 100 n , NCbz

5- benzyl oxycar bonyl am no- 2-t en- but o ar bonyl am no 10 pentanoic acid (33.6
g, 100 mmol), hydroxybenzotriazol ef(1822 g, 120 nmol), and N

met hyl nor phol i ne (132 m, 120 Hn DMF (150 nL) is cooled to O C and

1- (3% di met hyl ami nopr opyl ) - 3- ethylcapéﬁdllntde (24.9 g, 130 nml) is slowy
added.  The resulting mxture is stirre 2for 2 hours at O C then allowed to
war m and swmxdmﬁnﬁmumumﬂﬂﬁﬁsazuqemahmﬁﬂer 2 hours. The reaction solution
is diluted with water and the resulting solid is collected by filtration,

15 re-di ssol ved in EtQCAc and extracted mnth mater dr|ed and concentrated
in vacuo to afford a D-Bens ‘ § Preparation

of 2-(2gam no-S-N-Cbz-ami ngm%h@,ggxi ﬂbﬂg,)cagmg@@ﬂg@r%z-yl propi oni c
aci.d nethyl ester (39): 2-1b5- Z- am no- 2- 0C- am no- pent anoyl am no) -3 20
napht hal en- 2-yl -propi onic acid nethyl ester, 38, (6.0 g, 10.3 mmol) is

di ssol ved i n 32prgpardiiorrof ﬁgmzmmm-ﬁmmmﬁﬁau&ntﬂmownmtmtlen-z-

dichlor Oma} -Q)%]pm c acuijl methVYat t%ll“ (38)T Ae soﬁu%gr? (t)il lgarr]mnrg- Ela{ilaitglalen-Z-yl propionic acid
. methyl ester (22 9 g, 100 mmol), -benzyloxycarbonylammo-?.-tert-butoxycarbonylammo-

10 pentanoic: ac1d (33.6 g, 100 mmol), hydroxybenzotriazole (16.2 g, 120 mmol), and N-
methylmorpholine (132 mL, 120 mmol) in DMF (150 mL) is cooled to 0 °C and 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide (24.9 g, 130 mmol) is slowly added. The resulting
mixture is stirred for 2 hours at 0 °C then allowed to warm and stir at room temperature another 2
hours. The reaction solution is diluted with water and the resulting solid is collected by filtration,

15 re-dissolved in EtOAc and extracted with water, dried and concentrated in vacuo to afford a

residue which purified over silica gel.

Preparation of 2-(2-amino-5-N-Cbz-amino-pentanoylamino)-3-naphthalen-2-yl-
propionic acid methyl ester (39): 2-(5-N-Cbz-amino-2-N-Boc-amino-pentanoylamino)-3-

20 naphthalen-2-yl-propionic acid methyl ester, 38, (6.0 g, 10.3 mmol) is dissolved in32 mlofa
solution prepared from 2:1:0.1 parts of dichloromethane TFA and water. The reaction mixture is
stirred for 3 hours. The solvent is removed in vacuo and the residue treated with 1,2-

. dichloromethane which is also removed in vacuo. This is repeated several times and affords 9.84
g of the crude rude residue which is used for the next step without further purification.

25 ‘

Preparation of 2-[5-N-Cbz-amino-2-(2-nitro-benzenesulfonylamino)-
pentanoylamino]-3-naphthalen-2-yl propionic acid methyl ester (40): 2-(2-amino-5-N-Cbz-
amino-pentanoylamino)-3-naphthalen-2-yl-propionic acid methyl ester, 39, is dissolved in
dichloromethane (200 ml), triethylamine (0.5 ml) and the solution cooled in an ice-bath. o-

30 Nitrosulfonyl chloride (4.5 g, 20.6 mmol) is added and stirring is continued with cooling for 1
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stirred for 3 hours. The solvent is renoved in vacuo and the residue
treated with 1,2- dichloronethane which is also renoved in vacuo. This is
repeated sewonabssbismes and affords 9.84 g of the crude rpgeyk@sissige which
is used for the next step without further purification. 25 Preparation of
2- (5-N-Cbz-am no-2-(2-nitro-benzenesul f onyl am no) -

pent anoyl am no] - 3- napht hal en- 2-yl propionic acid nethyl ester (40):

2- (2-am no-5- N- Cbz- am no- pent anoyl am no) - 3- napht hal en 2-yl -propionic acid
nmet hyl este h h J.am ne
(0.5 i) Al e o helel Br o Bt ol TR ARG SRRt b ot

chlori de (4asl the solforsis mxtracted with ethiyl @ctaten dheorganid laygr issvasten twiith & eathirated h cool i ng
for 1 73 M&%Q&M%f?o@%&%ﬁ&é&é%ep%e @r'i]&l.- IHI%IEE% fr’al&,uﬁ@e%bdér%ﬂ&gﬁfit ure for

6 hours. The reaction mxture is treated wt C aci

sol uti on i sbexues/athylagetateteafiardfap desired nedact c'm) organic layer is washed with
a saturatged aqueous solution of sodiumcarbonate and water. The crude .
material is purified Qver silica (1:1 hexanes/ethY acetate) to afford the
desired product ¥rspgrafjemofi3- W%B%l"mﬁrb@?y“‘mmo‘l’mpﬂ 4-(2-nitro-benzene-

2- |[1§ (3I Be 2nmoﬁyqymd:ﬂaydaﬁnmylnpe-ﬁﬁpmalehszyli-ﬁ)i?opruﬁd&rdqﬁanﬁré@ter (41) vl

Ul L onYL) S 2uRils AR B kobinhER LR Eadieat o2l e asinbyES- Y

2- [ 5- benzy| cephtbaleb2rplyprepivmioacki iadhyl em,douen;gemmmhbmwﬂrameum(r(ae ﬁilamogl am no

-3 hal - Yl L oni [ I
lli br gﬁggﬁo B%E?a?%%LS@ 9"3@%51‘8‘2?@%@%0% |d wh )fﬁ%%ﬁg{%g% fgr mrsrgg %3
mml) in 18 tien tuxfuge 1§ cgotaddeirogm tEpEafursy treh N3 KHSOyznd thacesulgug mi xt ur e
is cool ed. {gufRRMkk eﬁféﬁ%@wgﬁcT@ts %@ﬂdﬂr%acﬂg@@% vef s (ﬁxﬁ daffgul ting

solution is extract acetate urified
over :silica® P%Q@dﬂ'élﬂ@é?’hex&'}eﬁlﬁ’@ﬁe%% hlaoﬁﬁ&%&qutQﬁwﬂrf&Mio )to: 1, 100%

Et OAc,’ thena@r@%g\bﬁtﬁb&%d&%gdhctto afford 2.76 g of the desired product.
15 Preparation of

2-[ 3- (3-1|§- benzyl oxycar bonyl am nopr opyl ) - 2- oxo- pi perazl n-1-yl ] - 3-

gaF gt ?2' En 2- yl mmhﬁdh(ﬂ'28[84(ﬂM‘ﬁhiMxy@ﬂioﬁﬂaﬁaﬁﬁbrop&l)md‘:&lﬁ;ﬂra@fn -1-y1)-3-
enz X

ot v pr opy PP e pionlc aid methpleney 49 A migtusAf 35 S bpeoppoop-

- napht hal enaxﬁmg‘bropyl)af){bmtrc-betaenedﬂﬁomﬂmxoQﬁﬁe&lzm-14y1],-3 ﬁébhﬁalgu&-@l—;ﬂolmiﬁﬁd ),

p- thi ophenol;{ Lo eter d, A. 9T Bt iRl B 63, B4 Aol and K,CO5 (2.3 g, 16.6

20 mmol) in acetonitrile (10 ml) is stirred at room temperature for 18 hours. The reaction mixture is
then concentrated in vacuo and the resulting residue is treated with 1 M HC! (10 ml). The

aqueous phase is extracted with EtOAc and purified over silica (sequential elution with
EtOAc/hexanes mixture 1:1, 100% EtOAc, then EtOAc with 5% MeOH) to afford 2.58 g of the
desired product.

25 The 3-ketopiperazine intermediate having the formula:

I\/\mm

5
can be prepared by substituting phenylalanine methyl ester for 1-amino-3-naphthalen-2-yl-

propionic acid methyl ester in the synthesis of compound 38 described herein above.
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20 mol ) in acetonitrile (10 mM) is stirred at roomtenperature for 18
hours. The reaction mxture is then concentrated in vacuo and the

resul ting ngobslessodss treated with 1 MHCL(10 m). The aqpepys§iABRse IS
extracted with Et OAc and purified over silica (sequential elution with

Et OAc/ hexanes m xture 1:1, 100% Et CAc, then EtOAc with 5% MeOH) to afford
2.58 g of the desired product 25 The 3- ket opi perazi ne internedi ate having
the fornula: CXTT' can be prepared by substituti ng phenyl al ani ne net hyl
ester for 1-am no-3-naphthal en-2-yl- propionic acid nethyl ester in the
synt hesi s of conpound 38 descri bed herein above. 74 WD 02/ 085925

PCT/ US02/ 13340 5 EXAMPLE 6 2-f 4. f EXMIPLEﬁ

2- Acet vl am no- 3- (4- @Iy RASNhino AL ey ropionylamino]-3-

(4-f1 uorophenvl) pronrony -(3-am nopr oyy > 2- 0XO- PI. per azi n- | -vIl1-N-methyl
-3- napht hal en :i‘_l pphenyliprapigny gminonyepylia2-aXorNiperaz ] thyl-3-
2-14..[252-acetyl am no- 3- (4- s L opih@Ride am no] - 3- (4-

fl uorophenyl ) pr opi onyl ] - 3 (3-N-Cbz- am nopr opyl ) - 2- 0xo- pi per-azi n- I-yI] 3- nap
ht hal en-2-yl - propionic acid nethyl ester (43): A solution of

2-[3-(3-N Cbz anlf'n@mrﬁmwdf)Z-{&-{Z@x-ﬁeegil:ﬂﬁha-zi(ﬁhjvdr&ﬁjphenyl)proplonylamino]-3 4-

gl ][23a22{33][ yor ?R';hegyl%imﬁolp ony: -3-(%-1‘? Cgqhﬁjlmggltog%a-%go-ﬁpéramnil ]'::’19-naphgialenqulmmI )
hy dr oxy phengtopiopicagid anethiyhester ¢43) 3 A (sdlufidniof B-63(3eM{b2-pmingrrepyl)e2-eroipibefa3ig:-18 ¢,

(132 SRSy o R s
1- ( 3- di et hdeprypheeybl-pypnjenylamine]-B4-Huarerbenylpiopieni¢ geid G8.§ g 1003@nabhp| ) i s

slowy add &9&&&%&1&tmgnzo&%mm:&mefh?% aine%mqw 512@1511391)5 then
allowed to war m a oom't enperature another 2 hours.

reaction s OPWKW ) iggroplsd ko ﬁlatl‘hl Yl&‘ﬁ’&“tPFF@y]P éseﬁﬂ’e‘:?rﬁ@dl%% @ ? 5'

col I ect ed bysofphhdly B blb®Wy.added:- theesltng ehisinie Fls@Aa farrachoms af G sh bk &l ALt er

ri n ncentr in v ffor r
SI | IGS aadgl ComeE thta}e Wd {ﬁmpgrgglga aglgthgdhgurg '?he reeagtliocri!%glutton 1sC Qihp e% Iv.leager over

2-[4-[2-] 2- ﬁﬂelﬁe)tbmnngﬁalﬁis(oé}ldst;edropﬁmhmni;eld)iqsdslmqﬂlmﬂtjdmrmma]maedv&th WAber,
f I uor opheny ropiQ 3- raQ -yl ] -
3- napht hal e‘#lrleg CFCOS?%Ht%%'g“aC d’ﬁ(rgnata‘nrg’%{u)= w@cgi’& W%Q sol% i on of
2-[4-[2[ 2-acetyl am no- 3- (4- hydroxyphenyl)

Preparation of 2-[4-[2-[2-acetylamino-3-(4-hydroxyphenyl)propionylamino]-3-(4-

20 fluorophenyl)propionyl]-3-(3-aminopropyl)-2-oxo-piperazin-1-yl]- 3-naphthalen-2-yl-
propionic acid methyl ester (44): A solution of 2-[4-[2[2-acetylamino-3-(4-hydroxyphenyl)-
propionylamino]-3-(4-fluorophenyl)propionyl]-3-(3-N-Cbz-aminopropyl)-2-oxo-piperazin-1-yl}-
3-naphthalen-2-yl-propionic acid methyl ester, 43, (8.74 g, 10 mmol) is suspended in methanol
(100 ml) and hydrogenated in the presence of 10% Pd/C at 40 psi for 16 hours. The solution is

25 filtered to remove the catalyst and the crude product is purified on a preparative HPLC using a
linear gradient of acetonitrile in water with 0.1% TFA to afford the desired product corresponding
to analog 287 of Table V.

Another iteration of this category of receptor ligand analogs relates to analogs having the
30 formula:

7%



pr opi onyl am no] - 3- (4-f | uor ophenyl ) propi onyl ] - 3- (3- N- Cbz- am nopr opyl ) - 2- oxo-
pi perazin-1-yl]-

3- napht hal en- 2-yl - propi oni ¢ aci d net hyl

g, 10 nmol )ws2/e8seended i n et hanol

presence of 10% Pd/C at 40 ps

for 16 hours.

renove the catalyst and the crude product

using a

t he desired product correspondi ng
iteration of this category of
30 fornmula: 75 WO 02/
R2, R3, R4, and RO are defined i

No. RRRRR 301phenyl - NHCOCH3Hbenzyl
3024- chl or ophenyl - NHCOCH3Hbenzygbe
3034-f | uor ophenyl - NHCOCH3Hbenzyl bénz

3043,4-dif|uorophenyl-NHCOCH3HbenZﬁi

I

havi ng t he

305phenyt - NHCOCH3H2- i i dazol yl net hy

r ecepfor

3064- chl or ophenyl - NHCOCH3H2- i m dazo
3074--f | uor ophenyl - NHCOCH3H2- i m dazol yl get hyl benzyl

behzyl L
hyl b&nzyl

TABLE VI

ester, ¢
(100 mM) and hydrogge@m@dsguot he

The solution is 25 fi

Lo

3083,4-dif|uoropheny!-NHCOCH3H2-id?da | met hyl benzyl
2882_“ ﬁ% y‘ﬁ’ﬁe %‘ﬁ}%‘- Hmklﬂrﬁ az%“i‘gmﬁ% benzyl
TABLE VI

No. R R* R? R* R’
301 phenyl -NHCOCH; | H benzyl benzyl .
302 | 4chlorophenyl | -NHCOCH: | H “enzyl berizyl
303 4-fluorophenyl . -NHCOCH; H benzyl benzyl
304 | 3,4-difluorophenyl | -NHCOCH; H benzyl benzyl
305 phenyl -NHCOCH;, H | 2-imidazolylmethyl benzyl
306 4-chlorophenyl -NHCOCH; | H | 2-imidazolylmethyl benzyl
307 4-fluorophenyl -NHCOCH;, H | 2-imidazolylmethyl benzyl
308 | 3,4-difluorophenyl { -NHCOCH; | H | 2-imidazolylmethyl benzyl
309 phenyl -NHCOCH; H 4-in1ida.zolylmethy1 benzyl
310 4-chlorophenyl | -NHCOCH; | H | 4-imidazolylmethyl benzyl
311 4-fluorophenyl -NHCOCH; H | 4-imidazolylmethyl benzyl
312 | 3,4-difluorophenyl | -NHCOCH; H | 4-imidazolylmethyl benzyl
313 phenyl -NHCOCH; H 4-fluorobenzyl benzyl
314 4-chlorophenyl -NHCOCH; | H 4-fluorobenzyl benzyl
315 4-fluorophenyl -NHCOCH; | H 4-fluorobenzyl benzyl
316 | 3,4-difluorophenyl | -NHCOCH; H 4-fluorobenzyl benzyl
317 phenyl -NHCOCH; H 4-hydroxybenzyl benzyl
318 4-chlorophenyl -NHCOCHj; H 4-hydroxybenzyl benzyl
319 4-fluorophenyl -NHCOCH; H 4-hydroxybenzyl benzyl
320 | 3,4-difluorophenyl | -NHCOCH; H 4-hydroxybenzyl benzyl
321 phenyl -NHCOCH; H 4-chlorobenzyl benzyl

~3
[+

43,

ltered to
Is purified on a preparative HPLC
| i near gradient of acetonitrile in water with 0.1% TPA to afford
to anal og 287 of Table V. Another

| i gand anal ogs rel ates to anal ogs
NH/NH 09 H CCCH3 wherein R
PCT/ US02/ 13340




3114-f | uor ophenyl
3123, 4-di f | uor ophenyl

- NHCOCH3H4- i mi dazol yl net hyl benzyl
- NHCOCH3H4- i m dazol yl net hyl benzyl

313phenyl - NsO@&HE3bIs- f | uor obenzyl benzyl PCT/US02/13340
3144- chl or ophenyl - NHCOCH3H4- f | uor obenzyl benzyl 3154-f|
uor ophenyl - NHCOCH3H4- f | uor obenzyl benzyl
3163, 4-di f | uor ophenyl - NHCOCH3H4- f | uor obenzyl benzyl
317phenyl - NHCOCH3H4- hydroxybenzylbenzyl
3184- chl OI"O'E'%?TI’V‘ 2 "“I l -llyR et L_y‘!_[bvllw hlorobenzyl benzvi
3194- f | uorlophenlyl - KH hycroxvg L2yt bbnzd] nzy nzy
3203,4-dif|G@?ophéﬁquNHGECPSFNHﬁQGHoxyﬁénzyMbéhmﬁhmwl benzyl
321phenyl - U?-m 1T ez MO0 08592 RETYS0 241334
3224- chl orlapezy| ='NH cnjilchlong CH nggn 46&dﬁ&ﬁ%ﬂ, “bentyl
3234-f1 uon oé%nyl NISBOH3 H4 - chNHG@SanyII'be nz%acetoxybenzyl benzyl
13243, 4-di ffT. nge_am, Kae8ERT Qb zyt iz G _ -
395phenyl 1 3 b roﬂ)wr :—1131\:/{ CH bl H'“Y Hatttdkybenzyl -  benzyl
326. 4- chl ¢ - aEE@@SZEIbe nAY| | béwagejdxybenzyl benzyl
3274-f1 uon ACRICRYE z;ﬁ b ”4—’6&1
3283, 4-di f - acet oxyben i benozxe;lrenzyl benzyl
329pheny! 4 NBRIOQH3Hb @hepyl 2- nalp hNH?DﬁE: HyH benzyl 2-naphthylmethyl
3304- chl oo Nﬂtﬂ% NZY Ty TTET nyl -
3314- f | uonophenyl - NH Hb n71\k]/I|‘Ic?:d-3§TaI Ot byl Fenzyl Z-naphthylmethyl
3323, 4- di f|| 88 aphéAyaronterboH3 FVEGOGHD -[nabh| hyI k]| 2-naphthylmethyl
333phenyl {NBRIUBHEEifluéfopiasAl [V - RBEOTHZ-|Napnf Ny .
3344- chl on nnnnyl _'I\II—} %ﬁl-D}? m-daz niﬁ\/f qa’l\/ 2-nap ’ITESEVI metlh z ?aphthylmethyl
3354- f | uor|opbieny| - NBRBEH3H2- i AVAEQ6Hs (| ndt hiy P-omidegstyirmgshyhet Fwaphthylmethyl
3363, 4- di [T G8f OpPNEREw ERECOCHAZ O'ey T [TBh b ATy I
337pheny| -_pwugHA-jrmgn7n! | rrejJ:nll%- napht hyl net }.’lvl Wmtﬁwﬂnﬂhﬂ
335 | 4-fluorophenyl | -NHCOCH; 2-imidazolylmethyl | 2-naphthylmethyl
336 | 3,4-difluorophenyl | -NHCOCH; H | 2-imidazolylmethyl | 2-naphthylmethyl
337 phenyl -NHCOCH,; H | 4-imidazolylmethyl | 2-naphthylmethyl
338 4-chlorophenyl -NHCOCH, H | 4-imidazolylmethyl | 2-naphthylmethyl
339 4-fluorophenyl -NHCOCH;, H | 4-imidazolylmethyl | 2-naphthylmethyl
340 | 3,4-difluorophenyl | -NHCOCH, H' | 4-imidazolylmethyl | 2-naphthylmethyl
341 phenyl -NHCOCH; | H 4-fluorobenzyl 2-naphthylmethyl
342 4-chlorophenyl -NHCOCH;, H 4-fluorobenzyl 2-naphthylmethyl
343 4-fluorophenyl -NHCOCH, H 4-fluorobenzyl 2-naphthylmethyl
344 | 3,4-difluorophenyl | -NHCOCH, H 4-fluorobenzyl 2-naphthylmethyl
345 phenyl -NHCOCH; H 4-hydroxybenzyl | 2-naphthylmethy!
" 346 4-chlorophenyl -NHCOCH; H 4-hydroxybenzyl | 2-naphthylmethyl
347 4-fluorophenyl -NHCOCH, H 4-hydroxybenzyl | 2-naphthylmethyl
348 | 3,4-difluorophenyl | -NHCOCH; | H 4-hydroxybenzyl | 2-naphthylmethyl
349 phenyl -NHCOCH; H 4-chlorobenzyl 2-naphthylmethyl
350 4-chlorophenyl -NHCOCH; H 4-chlorobenzyl 2-naphthylmethyl
351 4-fluorophenyl -NHCOCH; H 4-chlorobenzyl 2-naphthylmethyl
352 | 34-difluorophenyl | -NHCOCH, H 4-chlorobenzyl 2-naphthylmethyl
353 phenyl -NHCOCH; | H 4-acetoxybenzyl | 2-naphthylmethy!
354 4chlorophenyl -NHCOCH, H 4-acetoxybenzyl | 2-naphthylmethyl
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3384- chl or openyl - NHCOCH3H4- i m dazol yl met hyl 2- napht hyl net hyl

3394-f | uor ophenyl - NHCOCH3H4- i m dazol yl net hyl 2- napht hyl net hyl

3403, 4-di f Iwenepdzessy| - NHCOCH3I f 4-i mi dazol yl met hyl 2- napht hy-pR&éas40
341phenyl - NHCOCH3H4- f | uor obenzyl 2- napht hyl et hyl

3424- chl or ophenyl - NHCOCH3H4- f | uor obenzyl 2- napht hyl net hyl

3434-f1 uor ophenyl - NHCOCH3H4- f | uor obenzyl 2- napht hyl net hyl

3443, 4-di f uorophenyl NHCOCHSH4-fI uor obenzyl 2- napht hyl met hyl

345phenyl - yoENT R RA=Ranht J’ry +
3464- chl oropény| - H(,d'yn Pyt - hy R Stéri‘?z I 3 cI§‘§?‘I3"’r"¢§'?3ﬂyl 2-naphthylmethy]
3474-f | uon oph&ny BAMHTOORE:ERM- hyNHGQSZHenz;H 2 naplsdtdsxybdmjdhyl2-naphthy1methy1
3483,4‘di|| J;I:_ =—NHEoSr StH4 y ||u.n =t
349phenyl Jia B eh V) _Igbtbeh F% 'n?t"f“i'ﬂ?l ﬁ/lmciﬁyl “nai’hthylmethyl
3504- chl oroBédy Mﬂ@@@)ﬁmlchl ISHGﬁ@szI 2H napmm&cmeﬁzlyyl 2-naphthylmethyl
yl I,_I lel IISLI | -
I—HHCﬁT’o? cbean | 2-WABW ’WYP tfrgpphthylmethyl

3514- f | uorogkgyt . -

3523, 4-di f 3{5')?0 “] %

353phenyl NWW@ﬂWbeﬁHﬂCQCHﬁ htI-hy rrBltdh;drobenzyl 2-naphthylmethyl

3544- chl oroptreny—NHEOCHSHA—acetoxyberzyt2=maphthytrethyt——¥W8-62+085925
PCT/ US02/ 13340 3554-f| uor ophenyl - NHCOCH3H4- acet oxybenzyl 2- napht hyl net hyl-
3563, 4- di f | uor ofhefellevingicarmding obrwnbsticipethwyy fr pregatinganaiopt 311360,

3574- hydr oxywieh) e\l ot t

3584- hydr oxypheny! eNHCOCHSH4 Hy Sg(r@% g%éft%gﬁcgﬁ%%myﬁdﬁmm

359. 4- hydr & H4- hydr oxybenzyl 2- napht hyl net hyl

3604- hydy oxyphenyl - NHCOCHSH4 chl or obenzyl 2- napht hyl et hyl The following is
an outline of a synthetic,pathway for pr aring anal ogs 301-360, however,
ot her enbodi nents of ’}!,{EH(% ket opi perazin as‘égffol d can be prepared using
modi fi catl ons to. tth§N eral schene. 5 , : , ,

B, o

oo

(L

COCHs

’O

e .
o

’O

Reagents and conditions: (h) BocNHC(SCH;)=NBoc, HgCl,, 1t.
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x3C' / o HCYOfr 4R~ H Nr R4 Reagents and conditions: (h)

BocNHC( SCH3) =NBoc, HgCl12, I1t. 78 WD 02/085925 O I111C- N HRa N NHBo i N
N HH OwdeldgdReagents and conditions: (i) TFA: CH2ClZcriso2/13340

PCTI US02/ 13340 EXAMPLE 7 5

2-f4-f2-f2-Acet vl am no- 3- (4- hvdr oxvnhenvl ) nr oni onvl am nol - 3- (4-f | uor ophenvl

) proyi onvl | - 3-(3-auani di noprouyl ) - 2- oxo- pi perazin-1-vl -propi onyc acid

nmet hyl ester (46) Preparation of

2-[4-[2-[2-Acetyl i ng- 3- (4- hydr oxyphenyl };Br opi onyl ani no] - 3- ( 4-

f I uor ophenyl ) pr opi on :3-(3-N, N -bi s(tert-bufoyycarbonyl ) guani di nopropyl) -
2.0x0 10 pi perazin- |)-pr opi oni c acid neth¥LN r (45): Mercury(ll)
chloride (5.7 g, 1 ) is added to a solutifpn

2-[4-[2-[ 2- acet yl arfper 5(4-hydroxypheny|)pﬁsgfézjlanino]-3-(4-

3- napht hal en- 2-yl - pr0 n acid hyl estew; , (7.4, 1@mo]),

1, 3-bi s(tert-butoxycarhony) -2: ma hyl : 2-'t hi opsaudg~ur 2.9 g, 10 mmol)
and triethyl arnine (1;2 , 30 ?nnﬁ%T.thdry (100. 0NmlL)™and t he
reaction 15 nmixture isystNgreddt 0 Cfor 1.0 TheHreaction m xture is
then diluted with EtOA¢, filtered through a pad o? Celite, and the
filtrate i s concentragtedcd,am vacuo to afford t @ ~eopde product. The crude
isolate is purified gver silica gel (CH2Cl12/pkthanol, 14:1) to afford the
desired product. ation of
2-[4-(2-[2-Acetyl 3-(4- hydroxyphenyl )

fIuorophenyl)prop&onxl]-g-(S-aninopropyl)ig-o o- pi perazin-1-yl]-
ar

onyl am no] - 3- (4-

Reagents and conditions: (i) TFA:CH,ClL, 1t;

| EXAMPLE 7
5  2-[4-[2-[2-Acetylaming-3-(4-h henyl)propionvlamino]-3-(4-flu henyl ionyl]-
3-(3-guanidinopropyvl)-2-oxo-piperazin-1-vl-propionic acid methvl ester (4

Preparation of 2-[4-[2-[2-Acetylamino-3-(4-hydroxyphenyl)propionylamino]-3-(4-
fluorophenyl)propionyl]-3-(3-N,N’-bis(tert-butoxycarbonyl)guanidinopropyl)-2-oxo-

10 piperazin-1-yl-propionic acid methyl ester (45): Mercury(Il) chloride (5.7 g, 12 mmol) is
added to a solution 2-[4-[2-[2-acetylamino-3-(4-hydroxyphenyl)propionylamino]-3-(4-
fluorophenyl)propionyl]-3-(3-aminopropyl)-2-oxo-piperazin-1-yl]- 3-naphthalen-2-yl-propion
acid methyl ester, 44, (7.4, 10 mmol), 1,3-bis(tert-butoxycarbonyl)-2-methyl-2-thiopseudo urea
(2.9 g, 10 mmol) and triethylamine (4.2 mL, 30 mmol) in dry DMF (100.0 mL) and the reaction

15  mixture is stirred at 0 °C for 1.0 hour. The reaction mixture is then diluted with EtOAc, filtered
through a pad of Celite, and the filtrate is concentrated in vacuo to afford the crude product. The
crude isolate is purified over silica gel (CH,Cly/methanol, 14:1) to afford the desired product.

Preparation of 2-[4-[2-[2-Acetylamino-3-(4-hydroxyphenyl)propionylamino]-3-(4-
20 - fluorophenyl)propionyl]-3-(3-guanidinopropyl)-2-oxo-piperazin-1-yl-propionic acid methyl
ester (46) A solution of 2-[4-[2-[2-Acetylamino-3-(4-hydroxyphenyl)propionylamino]-3-(4-
fluorophenyl)propionyl}-3-(3-N,N’-bis(tert-butoxycarbonyl)guanidinopropyl)-2-oxo-piperazin-1-
yl-propionic acid methyl ester, 45, (10.4 g, 10 mmol), trifluorocacetic acid (§ mL), and

dichloromethane (50 mL) is stirred at room temperature for 2 hours and then concentrated in
o <ot ¥ o oL ) 79 . .- LI )




20
f 1 uor ophenyl ) pr opi onyl ] - 3- ( 3- guani di nopr opyl ) - 2- oxo- pi per azi n- 1-yl - pr opi oni

¢ acid et Ryd oHiEsHs (46) A sol ution of PCT/YSO213340
2-[4-12-] 2- Acetyl am no- 3- (4- hydr oxyphenyl ) pr opi onyl am no] -
fl uorophenyl ) propionyl]-3-(3-N, N -bi s(tert-butoxycarbonyl )guanl di nopr opyl ) -

2- 0X0- pi perazin-1 - yI-propionic acid.nethyl ester, 45, (10.4 g, 10 nmmol),
trifluoroacetic acid (5 m.), and dichloronmethane (50 nL) is stirred at
room tenperature for ou d th con entr ed in 79 85925

PCT/ US02/ 164 '@ﬁﬁﬂﬂﬁepr‘?ﬁénﬁ g%‘f’%ﬁ“‘? fayeg éﬂlle‘g?' t hane and
t he or gani saturagdsodiva dieertlonate] dinedmﬂ uam&mde&iudaaumd:nffoahbomnr@,prmlncted, and
concentrated in vacuo to afford the desired product. Another iteration of
this category relates to anal ogs wherein R10 is a -CONH2 unit which 5
provi des recept Auothei itpastidn of thisicategonyelafestonndlegs whereiriRRds GERGNHahis which R R2,
R3, R4, VII or receptor |igands having the
formul a %%g&ﬁ\ﬂq{#‘%@%&%@ ier ei n R . R2; R3, R4, and R9 are defined
in Table VIII1. TABLE VII No. RRRRR 361phenyl - NHCOCHBHbenzyI benzyl

3624- chl or ophenyl - NHCOCH3Hbenzyl benzyl
3634-f1 uor ophenyl - NHCOCH3Hbenzyl be
3643, 4-di fl uor ophenyl - NHCOCHSHben;Q/I enzyl

365phenyl - NHCOCH3H2- i m dazol yl net h enzyl
3664- chl or ophenyl - NHCOCH3H2- i m d¢az fret hyl benzyl 80

SO

_ R OONH;
wherein R, R% R3, R?, and R’ are defined in Table VII or receptor ligands having the formula:

R

! X
L
s

wherein R, R%, R®, R*, and R’ are defined in Table VIIL.

10

TABLE VI

No. R R* R R R’

361 phenyl -NHCOCH; H benzyl benzyl
362 4-chlorophenyl -NHCOCH; H benzyl benzyl
363 4-fluorophenyl -NHCOCH; H ~ benzyl benzyl
364 | 3,4-difluorophenyl | -NHCOCH; H benzyl benzyl
365 phenyl -NHCOCH, H 2-imidazolylmethyl ~benzyl
366 4-chlorophenyl -NHCOCH; H 2-imidazolylmethyl benzyl




WD 02/ 085925 PCT/ US02/ 13340

3674-f1 uorophe

nyl -

NHCOCH3H2- 1 m dazol yl met hyl benzyl

3683, 4- d'fhﬁﬂhﬂﬁﬂﬁgy| NHCOCH3H2- i mi dazol yl net hyl benzyl PCT/US02/13340
369phenyl COCH3H4- i mi dazol yl net hyl benzyl

3704- chl or ophenyl - NHCOCH3H4- i m dazol yl et hyl benzyl

3714-f1 uor ophenyl - NHCOCH3H4- i m dazol yl net hyl | benzyl

3723, 4-di fl uor ophenyl - NHCOCH3H4- i mi dazol yl met hyl benzyl

373pheny| NHCOCH3H4-f | uor-obenzyl banzy —

3744-chl r3ﬁ§e1yﬁ' 1f nzyl%enzﬁ?mm”mhmmﬂwl benzyl
3754- 11 u?r apdre a4 1T INorgogdgny y [ Benk Ylimidazolylmethyl benzyl
3763, 4- d|_f_§g€;‘o phnrnll NHCOCHHEA | uor }ben}y_ Een"-éi'i 1
377phenyl|- H4 Wﬂr oxyher yanl -imiddzolylmethyl benzy
3784- chl qr aphehyTs- H4{ hywiicocHhe pz yi beh 2 yhidazolylmethyl benzyl
3794- f | uarephepy—NECOSHIHAHhyggarbefzy-befzyH- i 1 op—

. 3803, 4-dilf Plbr d)pﬁ%ﬁ%ﬁﬂ%o cybnz | fBEidergpyimethyl | . benzy
381phenyl|- NACOCHFEIfledidpheyD e n,z\ymmmy H | 4-imidazolylmethyl benzyl
3824- chl grephepy—NHEOGHIHAe ot aheRryHReRPy - r——
3834-f 1 udr dpheny! - H44 cﬁ obenryl Benpy|* U enzy
3843, 4- dilf T3aer pWreWBMr bbeHzy | betfupkobenzyl benzyl
385phenyl acet-oxyheRzyt-henzi
3864- chi rgﬁﬁe yl e L] o 0HGS b b2y be pz i uorobenzyl benzyl
3874-f | ugr prne 1>BI4-¢1IHI6KEE§H&H&1 adFCOGH e h z yHbe nz y-fluorobenzyl benzyl
3883, 4‘d| HOFO p‘rrcu Blrl ‘v ylﬂ 12} ILL‘ -
389phenyl|- r@’ ?M‘{ﬂ: 2- napRLTGT ALt byl *hydedxybenzyl benzy]
3904- chl qgr (Bp&enyl4»dﬂtd€61ﬁbﬂdl-lbe n-Z{HCZ)(E&p nt hEl mpt #daydroxybenzyl benzyl

) 3914-f|u f |C||y| - u"t 2 -yt N b 1
3923, 4- dilf LIy opHE o] T A T il
393phenyl)}- CHGHEShoropbenyd ||y INHROGH:2 | naBht hy #-hptrémybenzyl | benzyl
3944- chl i'\.3|gji'|C||y| = NWHL- 1 _lﬂma mefyhy ?i-'&wl’ébiéﬁglﬂ"ﬁ Tyt benzyl

382 4-chlorophenyl -NHCOCH;, H 4-chlorobenzyl benzyl
383 4-fluorophenyl -NHCOCH; H 4-chlorobenzyl benzyl
384 | 3,4-difluorophenyl | -NHCOCH; H 4-chlorobenzyl benzyl
385 phenyl -NHCOCH; H 4-acetoxybenzyl benzyl
386 4-chlorophenyl -NHCOCH; H 4-acetoxybenzyl benzyl
387 4-fluorophenyl -NHCOCH; H 4-acetoxybenzyl benzyl
388 3,4-difluorophenyl { -NHCOCH;3 H 4-acetoxybenzyl benzyl
389 phenyl -NHCOCHj, H benzyl 2-naphthylmethyl
390 4-chlorophenyl -NHCOCHj H benzyl 2-naphthylmethyl
391 4-fluorophenyl -NHCOCH; H benzyl 2-naphthylmethyl
392 | 3,4-difluorophenyl | -NHCOCH; H benzyl 2-naphthylmethyl
393 phenyl -NHCOCH; H 2-imidazolylmethyl | 2-naphthylmethyl
394 4-chlorophenyl -NHCOCH; H | 2-imidazolylmethyl | 2-naphthylmethyl
395 4-fluorophenyl -NHCOCH; H 2-imidazolylmethyl | 2-naphthylmethyl
396 3,4-difluorophenyl | -NHCOCH;3 H | 2-imidazolylmethyl | 2-naphthylmethyl
397 phenyl -NHCOCH, H 4-imidazolylmethyl | 2-naphthylmethyl
398 4-chlorophenyl -NHCOCH; H 4-imidazolylmethyl | 2-naphthylmethyl
399 4-fluorophenyl -NHCOCH; H 4-imidazolylmethyl | 2-naphthylmethyl
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3954-f | uor ophenyl
3963, 4-di f | uor ophenyl

397phenyl

3984- chl or ophenyl
3994-f | uor ophenyl

02/ 085925 PCT/ US02/ 13340

4003, 4- dlfluorophenyl

401phenyl -

4024- chl or
4034-f | uor
4043, 4-di f
405phenyl -
4064- chl or
4074-f | uor
4083, 4-di f
409phenyl
4104-chl or
4114-f1 uor
4123, 4-di f
413phenyl -

41447chl orp
4154-f | uor
4163, 4-di f
4174- hydro
4184- hydr ok
4194- hydr oK
4204- hydro

- NHCOCH3H2- i m dazol yl met hyl 2- napht hyl met hyl
- NHCOCH3H2- i mi dazol yl met hyl 2- napht hyl net hyl
- Nvo@sbtsbdks- | M dazol yl net hyl 2- napht hyl et hyl
- NHCOCH3H4- i m dazol yl met hyl 2- napht hyl net hyl
- NHCOCH3H4- i m dazol yl met hyl 2- napht hyl net hyl

PCT/US02/13340

.81 WO

NHCOCH3H4 |n1dazolylnethyl2 napht hyl et hyl

N YRS rany Tett - t
@’;’r "3 %: E} ﬁ uféqug gﬁz JI H[nar lmc?azol?rlﬁle hyl | 2-naphthylmethyl
op‘fQényI - NHeBopB H4 - f uHH@Q@szI 2Hnag ht ﬁxﬂpﬁﬁbml 2-naphthylmethyl
OIS INHCBEHY ey el i dphthylmeth
N R AN s i T
bpddny| - Nﬂm@mm h deHSEQ@an yl B na phé-fiyomobemig}| | 2-naphthylmethy]
YU LETN Ty O Myt g Tgpt I h
B L T A A T
- NHBSCHI3 H4 - dh¢nst oben zyNECﬁﬁﬁht hy Hhet hytrhydroxybenzyl 2-naphthylmethyl
p“*nyliw 157 -C yi2gnapn Beg=ae .
A6 heatt” 1| §§-I@ gﬁ%\ I ?ﬂar h:4hv O3 uréﬂzyl 2-naphthylmethyl
o heﬁ@PQfRﬂ@@d:HS HANBRPSH enBy | 3- ﬁd}yﬁpﬁ)ﬂ?eﬂﬁ’l hj#-naphthylmethyl
enz Nt hyg ngl -
ey 1Y ey [ o
Jp‘fﬂ?nyl - NH@bRsB H4 - a,e%“g 68nZyl ¥ ng phf*‘ﬁ@P‘iﬁ’b&nﬁXll 2-naphthylmethyl
U0 H N EALY 1 oroy ;‘fHd FINRCOTEX Y DERZ Y 1|2~ RaRBloheAZTE T MY -haphthylmethyl
yphenyl - NHCOCH: =tmdazol yllmet hyll2- napht hyl net hyl
erlyl ’-"ﬂPm%ldM I-NBEO6ERy | 3 ngphtfilpiobenayl| | Znaphthylmethyl
yPenyi 4 - NY-NHCOCEE N Z Y I - Napidchigiobdizyly | | 2-naphthylmethyl
ynhn (VT NHCOCH3IHA-£hl or nhg_n,Z¥| 2-ndp ‘
413 phenyl '-NHCOCH; H | 4-acetoxybenzyl 2-napEthylmethyl
414 4-chlorophenyl -NHCOCH; H 4-acetoxybenzyl | 2-naphthylmethyl
415 4-fluorophenyl -NHCOCH; H 4-acetoxybenzyl | 2-naphthylmethyl
416 | 3,4-difluorophenyl | -NHCOCH, H 4-acetoxybenzy! | 2-naphthylmethyl
417 4-hydroxypheny!l -NHCOCH; H 2-imidazolylmethyl | 2-naphthylmethyl
418 4-hydroxyphenyl -NHCOCH; H 4-fluorobenzyl 2-naphthylmethyl
419 4-hydroxyphenyl | -NHCOCH, H 4-hydroxybenzyl | 2-naphthylmethyl
420 4-hydroxyphenyl | -NHCOCH; H 4-chlorobenzyl 2-naphthylmethyl
TABLE VIII
No. R R* R’ R* R’
421 phenyl -NHCOCH; H benzyl benzyl
422 4-chlorophenyl -NHCOCH; H benzyl benzyl
423 4-fluorophenyl -NHCOCH; H benzy!l benzyl
424 | 3,4-difluorophenyl | -NHCOCH; H benzyl benzyl
425 phenyl -NHCOCH; H 2-imidazolylmethyl benzyl
426 4-chlorophenyl -NHCOCH; H 2-imidazolylmethyl benzyl
427 4-fluorophenyl -NHCOCH; H | 2-imidazolylmethyl benzyl
428 3,4-difluorophenyl | -NHCOCH; H 2-imidazolylmethyl benzyl
429 phenyl -NHCOCH;, H 4-imidazolylmethyl benzyl
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No. RR2RR 47R9 421phenyl
4224- chl or ophenyl

- NHCOCH3Hbenzyl benzyl
- NHCOCH3Hbenzyl benzyl

4234-f | uor owwbenysseCOCH3Hbenzyl benzyl PCT/US02/13340
4243, 4-di f | uor ophenyl - NHCOCH3Hbenzyl benzyl
425phenyl - NHCOCH3H2- i m dazol yl met hyl benzyl
4264- chl or ophenyl - NHCOCH3H2- i m dazol yl net hyl benzyl
4274-f | uor ophenyl - NHCOCH3H2- |n1dazolylnethylbenzyl
4283, 4-di f qu(ppneméhl N LiZEN3 0] 0 y| T Tmeth
429phenyl - COCH -1 ot dazol ¥l met hvl he. [ ”ﬂﬁﬁ@d}&]& R yl P/ 08")9%1
PCT/ US02/ 13348l 4304—iblﬁq°ahee¥ihen 3H4‘I i ﬁ@zéqzylwmww bengizyl
4314- | Uor GPUETIY3 WFAdGFaaRsh ] T FARCOCH,
4323, 4-di f [luaro hen\ll Q- 1.m da73 yl et llylléﬂihgagl\%mthyl benzyl
433pheny| - NHECH3 H4- fﬂhmﬂ obenzyMN§iGOSH: |~ H 4-fluorobenzy! benzyl
4344- chl or pﬁgpy -a&*&%i?%ﬁF UNHOO, Y| DenZyl  4-
4354-f | 'uor henyl - NH uof.ohenzy hg7> 4ﬂ1'1'or0ben'zyl benzyl
436. 3, 4- di }:thd%ﬁ Ophéﬁk}*mmﬁ@ém FHAHGQ S ob et y1 |be ffljiprobenzyl benzyl
437phenyl - w B"Q'dmﬁGfogKéﬂPle NZWHTOTHK | H 4-fluorobenzyl benzyl
4384- chl or 1 NHCOCH3 H4 < Zlyl k4 =y
4394- f | uor dpfzh I-NHGEEH§H4-h3 zyIBEnzyW*WmDﬂmﬂmﬂ benzyl
4403, 4- di f ||uagppheayhio TANRCHCR VP EeNT YT [Da#Mloxybenzy] benzyl
441phenyl - ﬁHCCQk 2yl benzyl d 4
4424- chi or qpAhy| - fefleeserisayly . c‘IIﬁI'{S:rqg:ﬂénzyII'{)er1zy’l'hydm"yb"“zyl benzyl
4434-f | uor dphemyl 3 ydf |-‘M—IUQEJBKY' banzyf 4-hydroxybenzyl benzyl
44431 4-di f | 4ere hnn\li I\II-I(‘(Y‘LIQ nr?i‘fll nna?:‘lhl
445pheny! - NH H4- aPc‘)’é‘P’Exybenz{r‘ﬁtiq | ~hlorobenzyl benzyl
4464- chl or gphen Wm%bﬁhlﬂ aq emmnzyl enzy! 4-chlorobenzyl benzyl
443 - 4-fluorophenyl -NHCOCH; H 4-éhlorobenzyl benzyl
444 | 3,4-difluorophenyl | -NHCOCH; H 4-chlorobenzyl benzyl
445 phenyl -NHCOCH; H 4-acetoxybenzyl benzyl
446 4-chlorophenyl -NHCOCH; H 4-acetoxybenzyl benzyl
447 4-fluorophenyl -NHCOCH; H 4-acetoxybenzyl benzyl
448 3,4-difluorophenyl | -NHCOCH; H 4-acetoxybenzyl benzyl
449 phenyl -NHCOCH; H benzyl 2-naphthylmethyl
450 4-chlorophenyl -NHCOCH;, H benzyl 2-naphthylmethyl
451 4-fluoropheny] -NHCOCH; H benzyl 2-naphthylmethyl
452 | 3,4-difluorophenyl | -NHCOCH; H benzyl 2-naphthylmethyl
453 phenyl -NHCOCH; H 2-imidazolylmethyl | 2-naphthylmethyl
454 4-chlorophenyl -NHCOCH;, H 2-imidazolylmethyl | 2-naphthylmethyl
455 4-fluorophenyl -NHCOCH, H 2-imidazolylmethyl | 2-naphthylmethyl
456 | 3,4-difluorophenyl | -NHCOCH, H 2-imidazolylmethyl 2-naphthy1meth);1
457 phenyl -NHCOCH; H 4-imidazolylmethyl | 2-naphthylmethyl
458 4-chlorophenyl -NHCOCH; H 4-imidazolylmethyl | 2-naphthylmethyl
459 4-fluorophenyl -NHCOCH; H 4-imidazolylmethyl | 2-naphthylmethyl
460 | 3,4-difluorophenyl | -NHCOCH, H 4-imidazolylmethyl ( 2-naphthylmethyl
461 phenyl -NHGOCH, H 4-fluorobenzyl 2-naphthylmethyl
462 4-chlorophenyl -NHCOCH; H 4-fluorobenzyl 2-naphthylmethyl
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4474-f | uor ophenyl - NHCOCH3H4- acet oxybenzyl benzyl

4483, 4- di f | uor ophenyl - NHCOCH3H4- acet oxybenzyl benzyl

449phenyl - Nyig@ekkslenzyl 2- napht hyl net hyl PCT/US02/13340
4504- chl or ophenyl - NHCOCH3Hbenzyl 2- napht hyl net hyl

4514-f | uor ophenyl - NHCOCH3Hbenzyl 2- napht hyl net hyl

4523, 4-di f1 uor ophenyl - NHCOCH3Hbenzyl 2- napht hyl et hyl
453phenyl - NHCOCHSHZ i m dazol yl meet hyI 2- napht hyl met hyI
4544- chl or =P =t et = Db Hys

4554-f | uor 1’1% I-ﬁl sees —g Rull rgglgFH‘F et Ayl ’-nlggLf Ayl t V] naphthylmethyl
4563, 4-di f | u4fr40[ haAyiiflubbdfiaty 1 HANHEDEH; o y Hret|hy#-Buoralshayhy | nienap;rqhyhnethyl
457pheny| - INHeEhBH4— ||=u 7ot yl -y T _

4584- chl or d)pﬁaguw - NHC?@ H4 - | m WQF@’ nep%{/ - r){P(?l1 ﬂ}’f" mglt h*v% naphthylmethyl
4594- f | uor ophesny et kY| 2- Hdw&mko;blemt hly2-paphthylmethyl
4603, 4- di f IFaeret -y ety r||__LI £ ;
461phenyl - IJ\II-E',S@ t hl\?' i kﬁdﬂ?ﬁ}*ﬁbﬁzyly Zhaphthylmethy! :
4624- chl or opkasny | 2Fhap hﬂﬂyﬂnmbhwl 832-phdPledsiop 5

PCT/ US02/ 13348 THuo MR T TR Y
4643, 4-di f | uﬁo eml -n{}an h]\sle&rr}gt hfJl fiaphithy y

465phenyl - 13I—I4-Ch19t!>phmy1be IZ'W'IEO%ht hyl met h@'PthfOBenzyl | 2-naphthylmethyl
4664- chl or gpipgmyt—=it By IZy T 47 p”& Y naphthylmethy]
467411 uor gphany - 4 rvdilrﬁocxﬁve%ié 7yl 2- hte%vr]l%rreihahglvl naputhy mety
4683, 4- di f l{uétop héMﬂNmI%NW&ybeeryl 2 ﬁalﬁﬁ'@bp}a%t h3-haphthylmethyl

469phenyl - NHECOCHSHA ohenzyl Tty ety benzvl | 2-naphthylmethyl
4704- chl or gphenyl - NH(% HA- chl or oapnzvl 2-}|{qa Jhathoxy Enzy napaty Y

4714-f | uor gpAEh| - RisBioopBIAL | Imw Zl'haphtwptnﬁtbml 2-naphthylmethyl
4723, 4-di f :\Lﬁ%”e Yluofd A U2y 2 TERBIDhEATST Y 5-naphthylmethy] |-

[y

473phenyl - BHA- acef oxVhendzyl 2-napht hyl melt hyl
476 | 3.4-diflucrophenyl | NHCOCH; | H 4-acetoxybenzyl | 2-naphthylmethyl
477 4-hydroxyphenyl -NHCOCH; H 2-imidazolylmethyl | 2-naphthylmethyl
478 4-hydroxyphenyl -NHCOCH;, H 4-fluorobenzyl 2-naphthylmethyl
479 4-hydroxyphenyl -NHCOCH; H 4-hydroxybenzyl | 2-naphthylmethyl
480 4-hydroxyphenyl | -NHCOCH; H 4-chlorobenzyl 2-naphthylmethyl

The following is an outline of a synthetic pathway for preparing analogs 361-420. In the
following scheme R’ is 2-naphthylmethyl, however, other embodiments of this piperazine
scaffold can be prepared using modifications to this general scheme. For example, when

5 phenylalanine is substituted for 1-amino-3-naphthalen-2-yl propionic acid in the synthesis of

compound 38, the result is analogs wherein R’ is benzyl.

Reagents and conditions: (a) LiOH, 0 °C.
10



4744- chl or ophenyl - NHCOCH3H4- acet oxybenzyl 2- napht hyl net hyl

4754-f | uor ophenyl - NHCOCH3H4- acet oxybenzyl 2- napht hyl net hyl

4763, 4- di f weeagskesy| - NHCOCH3H4- acet oxybenzyl 2- napht hy| negdwiiso2/13340

4774- hydr oxyphenyl - NHCOCH3H2- i m dazol yl met hyl 2- napht hyl net hyl

4784- hydr oxyphenyl - NHCOCH3H4- f | uor obenzyl 2- napht hyl net hyl

4794- hydr oxyphenyl - NHCOCH3H4- hydr oxybenzyl 2- napht hyl net hyl

4804- hydr oxyphenyl - NHCOCH3H4- chl or obenzyl 2- napht hyhnet hyl The following is

an outline of a synthg{imdgathway for prepagi pgecanal ogs 361-420. In the
foll owi ng schenme R9 is ¥-naphthyl net hyl , h02iv¢r, ot her enbodi nents of this

pi perazine scaffolé@ 8 prepared usi cations to this genera
schenme. For exanple, when 5 hen lal anine is gubstituted for

1- am no- 3- napht hal en- 2-(7l ONNKEbza G+-8— N eYsy €sh@: of conmpound 38,
the result is anal ogs er n RO is benzyl. aa cN10 RO)VHR9)-H

CO2H Reagents and condltﬁons° (a) LION, 0 C. &fN'® .- 1 84: :C—~ NHCbz OCN
" WD 02/ 085925 PCT/ US02/ : C~00~ NHChz Cﬁ# RCR2H NODb --a :
COH CONHCH,

Reagents and conditions: (b) NH,CH;, PyBOP, 1t

H\N,Boc

S

c N
I\/\mz % B[E\/\NH@Z
0
7 Neon B Neo - |

5 "Reagents and conditions: (c) TEA/CH,;C);, rt.

NH,

3
R2R R4

NE, H\

R\V/LTfo °
R, R\)\(
[:::L:\\/A\mrm +Rk\/R 4.
NHCbz
. do I\/\
H
WS /gH

Reagents and conditions: (d) HOBt, EDCI, N-methylmorpholine, DMF, 0 °C.
. 3
H\ H\N o
— N
ENI\A = ™
Rg/lT H )T H

Reagents and conditions: (¢) Hy, 10% Pd/C; MeOH.

10
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NHCbz CN N O R9 COONHC% Reagents and conditions: (b) NH2CH3, PyBOP,
MAb 5 Reagents and conditions: (c) TPA/CH2C12, rt. R3 R2 1 R4 d CO2H
NEi Cbz CNvwdh2/68s923 R CONHCH3 CN Nfnz O ,,JV H R CONHCE-~ pReag@nizsoand

condi ti ons:
CONF i 3 I_\Iti

10

156

20

25

30

(d) HOBt, EDCI, N nethylnorpholine, DM, 0 T. 10 CN O
bz s N Mh

Preparation of 2-{3-(N-Cbz-aminopropyl)-4-[i—N-Boc-anﬁnb-S-(4'-ﬂuor6pheﬁyl)-

propionyl-2-oxo-piperazin-1-yl)-3-napthalen-2-yl propionic acid (47): A mixture 2-[5-N-Cbz-
amino-2-(2-N-Boc-amino)pentanoylamino]-3-naphthalen-2-yl-propionic acid methyl ester (0.755
g, 1 mmol) in THF (15 ml) is cooled in an jce-bath and treated with a solutioﬁ of LIOH (0.12 g, 5
mmol) in water (7.5 ml). The solution is stirred for 1 hour at 0 °C then allowed to warm to room
temperature and stir an additional 3 hours. The reaction is then diluted with water (30 mi), cooled
in an ice-bath and acidified with 1M HCl to pH 3-4. The resulting solution is extracted with

"EtOAc. The organic phase is dried and concentrated in vacuo to afford_ 0.58 g (75%) of the

desired product.

Preparation of {3-[1-[2-N-Boc-amino-3-(4-fluorophenyl)propionyl}-4-(1-
methylcarbamoyl-2-naphthalen-2-ylethyl)-3-oxo-piperazin-2-yl]propyl}-carbamic acid
benzyl ester (48): To a mixture of 2-{3~(N-Cbz-aminopropyl)-4-[2-N-Boc-amino-3-(4-
fluorophenyl)-propionyl-2-oxo-piperazin-1-yl)-3-napthalen-2-yl propionic acid, 47, (0.6 g, 0.77
mmol), 2 M methylamine (3 ml}, in DMF (15 ml) is added benzotriazole-1-yl-oxy-tris-
pyrrolidinol-phosphonium hexafluorophosphate (PyBOP) (0.6 g, 1.15 mmol). The solution is
stirred for 18 hours then diluted with water (80 ml) and the solution extracted with EtOAc. The
organic phase is dried, concentrated in vacuo and the resulting crude product is purified over
silica gel (EtOAc/hexanes 1:3, followed by 1:1 and 10% methanol in EtOAc) to afford 0.56g of
the desired product.

Preparation of {3-[1-[2-amino-3-(4-fluorophenyl)propionyl}-4-(1-methylcarbamoyl-
2-naphtyalen-2-ylethyl)-3-oxo-piperazin-2-yllpropyl}-carbamic acid benzyl ester (49): A
solution of 3-[1-[2-N-Boc-amino-3-(4-flucrophenyl)propionyl]-4-(1-methylcarbamoyl-2-
naphthalen-2-ylethyl)-3-oxo-piperazin-2-yl]propyl }-carbamic acid benzyl ester, 48, trifluoroacetic
acid (50 mL), and dichloromethane (500 mL) is stirred at room temperature for 2 hours and then

- concentrated in vacuo. The crude prodﬁct is dissolved in dichloromethane and the organic layer

washed with saturated sodium bicarbonate, dried, and concentrated in vacuo to afford the desired

product.
b .- 86 7
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O H R? CONfiCl j Reagents and conditions: (e) H2, 10% Pd/C, MeOH . .85 WO
02/ 085925 PCT/ US02113340 EXAMPLE 8 2.4 ,[2-f

2- Acet yl am wo-03n0¢s92hydr oxvphenvl ) nroui onyl am nol - 3- (4- f | uosENRBNIZIOT ONi ony
Il -

3- (3-am nonropyl) - 2- oxo- ui nerazi n-1-yl | - N-net hyl - 3- napht hal en- 2- vl - nr oui ona
m de (51) Preparation of

2-{3- (N-Cbz- am nopropyl ) - 4-[ 2- N- Boc- am no- 3- (4 f1 uorophenyl) -

propi onyl . 2- oxo- pi perazi n-1-yl)-3-napthal en-2-yl proplonic acid (47): A

m xture 2-[5-N Cbz-

ani no- 2- ( 2- N- - Bo&reparation ob [ rle{2-anetylrolina2-fhhdrowypbenyD-2dcetyansinpbh(4 aci d
met hyl est eﬁu(‘l‘@pﬂeﬁﬁ rcﬁﬂoﬁgmjtﬂetﬂﬁaﬂﬁo@llﬁng%ﬂt §1 ?9[9!]1?1‘)1 310Q0-§?:e}a(iﬁ -path_and

treated V\nthasoumno 2 The

sol ution isY Q‘PP’F‘EEF'PHPWE“H@GWY%&S“B(-’@ tﬁe[ﬁ -[%rpmisodd4-flgoreghepylipeopiodhé

t enper at @r em%ﬁc&ﬁdﬂeyﬁﬂn%@hkh&@ﬁihyﬁ-3'-'6%%&)&3113@-}11&%?19-@ﬂbd.xﬁc %%nﬂyg UE gde

W th water. (30 co0 an .i.ce- bat acl d

3-4. The re%‘ﬁ?ﬁrt‘{p G@éilﬁonﬁﬂd} E"”é%i'lf‘laﬁ’f“é’&eﬁét%rﬂ 138 reynel), 1hydropybepzatiazgihase s
dri Sd and 1; qgmquzoaﬁﬁd),laﬂd NatethyInicphafifieq3R AL, 380 ehnfoh) TVOMBT(13006) isksled BA
product .

P2 T 2- Bk S Gt aminoogropll & aibyiosbodiie 4. g 13 mmoD s slowly added.
net hyl car baWipesulting apiktodedd stirredfoy? Mulrwalty) “Gthex dlopie @rvarm aed2stiy itk@mopy| ) - car bam
I ¢ _acid 1&? g@%raﬁ&ta%théﬂ%mi eq'ﬁaé sldlruﬁon is dlélltb(i with water and the resulting solid is

of 2- { 3-( Z-am no
f | uor ophenytollegiedby fhgtion,xedis ‘{?FlHeEtQZ\P nndlwcyac;edmmammalnmngcwcem@émm C

acid, 47, (pacgog)aﬁgrﬂtIZed%gIMound? M nethylanmne (3 m), in DM (15 m) is
added benzotr| azol e-1-yl-oxy-tri s- pyrrolidinol - phosphoni um

hexfafl ‘uor ophosphate (PyBOP). (0.6 g, 1.15 mmol). The solution is stirred
for 18 hours thepreghdatibic ot m.w[zvuaétﬁam{&& @lnyaAdgpie ﬁ Epibtiylnspd@act ed

with EtOQAc. The . organic e is dried, concen rate I'n vacuo and the
resul ting cPuerep ePl°P§ I-5(3-smingpropylls-oxaspiperaging il - N-methyl-Amaphthalend- 3
Ij ol | ovxﬁd byyllprtlspnaﬂdnma%me{at[aqmtz-ac&yﬁhﬁeﬁz)(4tt@dﬁi;fpaen@1)Q-ﬁa@nﬁﬁo]-32t$- t he
esire roguc

oL LT o e PAR IR sl enbamens; i ARl DR

yl]propyl}-carbamic ac1d benzyl ester, 50 (8.59 g, 10 mmol) is suspended in methanol (100 ml)
and hydrogenated in the presence of 10% Pd/C at 40 psi for 16 hours. The solution is filtered to
20 remove the catalyst and the crude product is purified on a preparative HPLC using a linear
gradient of acetonitrile in water with 0.1% TFA to afford the desired product, receptor ligand
analog 457.
The receptor ligands of the present invention exemplified in Table VIII, analogs 421-480
comprise a guanidinopropyl moiety. These analogs can be suitably prepared by modifying the

25 procedures which are described hereinabove for converting compound 35 to compound 37.

Another aspect of the present invention relates to 3-ketopiperazine receptor ligands

having the formula:



2- napht hal en- 2-yl et hyl ) - 3- oxo- pi perazi n-2-yl ] propyl }-carbam c acid benzyl
ester (49): A solution of

3-[1-[2- N Qasomgi9- 3- (4-f1 uorophenyl ) propi onyl | - 4- (1- met pyt/686:A34%Y! -2 30
napht hal en- 2-yl et hyl ) - 3- oxo- pi perazi n-2-yl] propyl }-carbam c acid benzyl
ester, 48, trifluoroacetic acid (50 nm), and dichloronmethane (500 nL) is
stirred at roomtenperature for 2 hours and then concentrated in vacuo.
The crude product is dissolved in dichloronmethane and the organic |ayer
washed wi th saturated sodi um bi carbopate, dried, and concentrated in vacuo
to afford the desired product. 86¥ 9/ 085925 PCT/ US02/ 13340 |
Preparati on of u
(3-[1-[2-[ 2-acetyl am no- 2- (4- hydr oX nyl ) - 2- acet yam no] - 3- (4-

f | uor ophenyl propi onyl ] - 4- (1- et ly! car banoyl - 2- napht hyl en- 2-yl et hyl ) - 3- oxo0-p
| perazin-2- yl]propyl}-carbam c acid [benzyl este; (50):

{3-[1-[ 2-am no- 3- (4-f | uor ophenyl) pr OAj],éll’ 5 o
nmet hyl car banoyl - 2- napht yal en- 2-yl et hyl )- 3- oxoopi per azi n-2-yl ] propyl } -carbam

ic acid benzyl ester, 49, (66.8 g, omol ),” N-acetyl -L-tyrosine (26,8 g,
120 nmmol ), 1-hydroxybenzotriazole (164 g, 120 nmol), and
N- met hyl nor phol i ne (132 ni, 120 nmB{") “¢arxsDMF (150 i) is cooled to 0O C and

1- (3-di net hy] am ORyl )3 et hyl car i i de 4.9 g, 130 mmol) is slowy
added. The%eé%?'ﬁ?%’%9%‘&%”?‘2*%#‘??%2”%“?%@%‘3 at 0 Cthen allowed to
warm and stir at room 10 tenperature another 2 hours. The reaction solution
is diluted with water and the resul tigyggGkid is collected by filtration,
re-dissolved in Ft OAc and extracted w ter, dried and concentrated in

vacuo to aff¥ed|the deBired conpoBhd. Prepar&'ion of R’ RY

f2l- 33 (2);)%(23;] f@gﬂ npnzv?ﬁa?l’(f;& gmﬁﬂ | ) - 2-0X0-pi perazi ]?1- %-Iyl ] jl\?ﬁ%"{l yl - 3-
_napht hal ent 2482y |- !rﬁ*@?ﬁf@#a?ﬁld_e Q@i‘;‘?cﬁi $-[ ‘bemzl | - phenyl methyl
L Lgr ([Dgh ac v[%ﬂrsjr i %ﬁr&ﬁeﬂw OXNTROGE] |~ 2~ Sy =S g1 Tethyl
- 4- (1- et hyl 4§é¢ [ a&@ﬂ“‘?‘i@a@ﬂt hy¥REOCOHy | et hyPbgnz8- oxo-|pi pepheiln- 2-| methyl
R I AL N e T A Y
psi for 16| nfGrg. 4rehorembemiti gn-NECOCH ¢Rémidarolimethdiiove phswylcat dipeskyldnd
e o s P T Adifye OCOTE POATIRE (1 R )
product, rg C@ﬁt d r3,+f|1185q{a:he%a| 3&[—1{3{%@1—13 2-imidazolylmethyl phenyl methyl

489 phenyl -NHCOCH;, | 4-imidazolylmethyl phenyl methyl

490 4-chlorophenyl -NHCOCH; | 4-imidazolylmethyl phenyl methyl

491 4-fluorophenyl -NHCOCH; | 4-imidazolylmethyl phenyl methyl

492 | 3,4-difluorophenyl { -NHCOCH; | 4-imidazolylmethyl phenyl methyl

493 phenyl -NHCOCH;, 4-fluorobenzyl phenyl methyl

494 4-chlorophenyl -NHCOCH;, 4-fluorobenzyl phenyl methy!

495 4-fluorophenyl -NHCOCH,3 4-fluorobenzyl phenyl methyl

496 | 3,4-difluorophenyl | -NHCOCH, 4-fluorobenzyl phenyl methyl

497 pheny! -NHCOCH; | 4-hydroxybenzyl phenyl methyl

498 4-chlorophenyl -NHCOCH; | 4-hydroxybenzyl phenyl methyl

499 4-fluorophenyl -NHCOCH; | 4-hydroxybenzyl phenyl methyl

500 | 3,4-difluorophenyl | -NHCOCH; 4-hydroiybenzyl pheny! methyl

501 phenyl -NHCOCH; 4-chlorobenzyl phenyl methyl

502 4-chlorophenyl -NHCOCH, 4-chlorobenzyl phenyl methyl

- 88 : . Lo s F



The receptor ligands of the present invention exenplified in Table VIII,
anal ogs 421-480 conprise a guani di nopropyl noiety. These anal ogs can be
suitably prvepasedely nodi fying the 25 procedures which apergesasided

her ei nabove for converting conpound 35 to conpound 37. Anot her aspect of
the present invention relates to 3-ketopiperazine receptor |igands having
the formula: . 87 WD 02/085925 NORL7 O NOH RO OONH2 wherein R, R2,

R, RO and Rl1l1 are deflned in Table I X hereln below TABLE TX PCTIU802/13340
I\IO RR2R 401 If‘f‘Y‘l N aown—3.1 Q!

NHCOCH3be nzy?menﬁ#'%&% WWE@O ﬁ“ L i 3benzp9?n5ma\r&l r%eﬁﬁ il
4843, 4- di|f |50ér )Mﬁm@ﬂhmimmhenwcmtdeZﬂ phenyl methyl
485pheny | —NgEoEH3 2 nidazot-yt FEK; Lt 6 PERY ohenyl Tmethy]
4864- chi dropheny! - NBCOCH32- il i OqHJ| et ERTTOBRERT bt hyl
4874-f | ugr dgbeny |4-dlaPB3D - |ﬁ%@&¥ﬁﬂylne+hykpﬁ3myl met hy Iphenyl methy]
apophenyil. PORG e Ol CRHCOCHRe KT "R | ey
4904- chl dr cﬁﬁﬁenﬁl [A-HEDDhEYL || NEEOSIH; | et- metopﬁewl et hy Iphenyl methyl
4923, 4 di [ Lo bphent RO S aol v S8Bhy! phbA A ARp R | med!
493phenyl|- Nﬂ@@]—l%hidrmﬂ;ﬂdbenzﬂf@ﬁﬁiﬂ et hybenzyl 2-naphthylmethyl | methyl
4944- chl grogireTyt LMW  RECOCH] A'pﬁe%ﬁiy'l' ethy 2-naphthylmethyl | methyl
512 | 3,4-difluorophenyl | -NHCOCH; benzyl 2-naphthylmethyl! | methyl
513 phenyl -NHCOCH; | 2-imidazolylmethyl | 2-naphthylmethyl | methyl
514 4-chloropheny! -NHCOCH; | 2-imidazolylmethyl | 2-naphthylmethyl | methyl
' 515 4-flyorophenyl |, -".NHCOCH:{ 2-i4nidaiolylmethy1- 2-naphthylmethy1~ methyl
516 | 3,4-difluorophenyl | -NHCOCH; 2—iinidazolylmethyl 2-naphthylmethyl | methyl
517 phenyl -NHCOCHj; | 4-imidazolylmethyl | 2-naphthylmethyl | methyl
518 4-chlorophenyl -NHCOCH; | 4-imidazolylmethyl | 2-naphthylmethyl | methyl
519 4-fluorophenyl -NHCOCHj; | 4-imidazolylmethyl | 2-naphthylmethyl | methyl
520 | 3,4-difluorophenyl | -NHCOCH; | 4-imidazolylmethyl | 2-naphthylmethyl | methyl
521 phenyl -NHCOCH; 4-fluorobenzyl 2-naphthylmethyl | methyl
522 4-chlorophenyl -NHCOCH; 4-fluorobenzyl 2-naphthylmethyl | methyl
523 4-fluorophenyl -NHCOCH; 4-fluorobenzyl 2-naphthylmethyl | methyl
524 | 3,4-difluorophenyl | -NHCOCH, 4-fluorobenzyl 2-naphthylmethyl | methyl
525 phenyl -NHCOCH; | 4-hydroxybenzyl | 2-naphthylmethyl | methyl
526 4-chlorophenyl -NHCOCH; | 4-hydroxybenzyl | 2-naphthylmethyl | methyl
527 4-fluorophenyl -NHCOCH; | 4-hydroxybenzyl | 2-naphthylmethyl | methyl
528 | 3,4difluorophenyl | -NHCOCH; | 4-hydroxybenzyl | 2-naphthylmethyl | methyl
529 phenyl -NHCOCH; 4-chlorobenzyl 2-naphthylmethyl | methyl
530 4-chlorophenyl -NHCOCH; 4-chlorobenzyl | 2-naphthylmethyl | methyl
531 4-fluorophenyl -NHCOCH; 4-chlorobenzyl 2-naphthylmethyl | methyl
532 | 3,4-difluorophenyl | -NHCOCH; 4-chlorobenzyl 2-naphthylmethyl | methyl
533 phenyl -NHCOCH; 4-acétoxybenzyl 2-naphthylmethyl | methyl
534 4-chlorophenyl -NHCOCH; 4-acetoxybenzyl | 2-naphthylmethyl | methyl
535 4-fluoropheny!l -NHCOCH, 4-acetoxybenzyl | 2-naphthylmethyl | methyl

89



4954-f | uor ophenyl - NHCOCH34- f | uor obenzyl phenyl et hyl

4963, 4- di fl uor ophenyl - NHCOCH34- f | uor obenzyl phenyl net hyl

497phenyl - NHEQEHE3%Rshydr oxybenzyl phenyl et hyl PCT/US02/13340
4984- chl or ophenyl - NHCOCH34- hydr oxybenzyl phenyl net hyl

4994-f | uor ophenyl - NHCOCH34- hydr oxybenzyl phenyl net hyl

5003, 4- di f | uor ophenyl - NHCOCH34- hydr oxybenzyl phenyl net hyl
501phenyl - NHCOCH34- chl or obenzyl phenyl et hyl

5024- chl orforzBeny 13, 4ANikEIebpnényt | NHGOTHGY| pPhadeiokyBebfyy | | haphthylmethyl | mafByl

02/ 085925 RCH-UJE62/13340
5034-f | uor ophenyl - NHCOCH34- chl or obenzyl phenyl net hyl

5043, 4di {1 uor op/Tes piloMigRGHbAtindrasltenz yhiniag f prepisglanalogs 431-536,

5064 chi or JENERISURY GRS CE e SO BN Endpypani R” et

5074- f | uor qpdpeh whd thi-ikeChiBbelpreparet byysing modificdtion yd this fgénetal scheme,
5083, 4- deIuorophenyI NHCOCH34- acet oxybenzyl-phenyl net hyl

509pheny NHCOCH3benzyI2 naphthylnethylnen§¥

5104- chl or ophenyl - FHapht hyl

5114-f 1l uor ophenyl - NHCOCHSbe 2- napht hyl met hg hyI _
5123, 4-di f| uor ophenyl - enzyl 2- napht h /| met hyl
513phenyl - NHCOCH32- i mi dazoﬁﬁmdﬁgrfh?nﬂaﬂﬁw% Hi//FF?é‘t hyl

5144- chl or ophenyl - NHCOCH32- i m dazol yl net hyl 2- napht hyl net hyl net hyl
5154-f1 uor ophenyl !-NHCOCH32-i m dazol yl met hyk2- napht hyl net hyl net hyl
5163, 4-di f| uor ophenyl - NHCOCH32- i mi dazol yI iiiﬁlZ napht hyl et hyl et hyl
517phenyl - NHCOCH34- i mi dazol yl net hyl 2- napht e E{Inethyl

5184- chl or ophenyl - NHCOCH34- i m dazol yl met hyl 2k nap hylnethylnethyl
5194-f | uor opheny] - NHCOCHSH g@@?lneghylzﬁhaphth et hyl et hyl

- 5203, 4-di f| uor opheny! - Cifgggdﬁnldazoryfhe NI et hyl net hyl
521phenyl - NHCOCH34- quoroben yl 2- naphthylnethxkﬂpthyl

10 Reagents and conditions (b): 2-nitrobenzylsulfonyl chloride, K;CO3, DME, 0 °C to 1t.

NO,

HN OTEDMS
f%

Reagents and conditions: (¢) HOBt, EDCI, N-methylmorpholine, DMF, 0 °C.
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5224- chl or ophenyl - NHCOCH34- f | uor obenzyl 2- napht hyl met hyl net hyl
5234-f1 uor ophenyl - NHCOCH34- f | uor obenzyl 2- napht hyl net hyl net hyl

5243, 4- di f mmozgsseay| - NHCOCH34- f | uor obenzyl 2- napht hyl net hy¢resdaubs4o
525phenyl - NHCOCH34- hydr oxybenzyl 2- napht hyl met hyl et hyl

5264- chl or ophenyl - NHCOCH34- hydr oxybenzyl 2- napht hyl nmet hyl net hyl
5274-f1 uor ophenyl - NHCOCH34- hydr oxybenzyl 2- napht hyl net hyl net hyl

5283, 4-di f | uor ophenyl - NHCOCH34- hydr oxybenzyl 2- napht hyl net hyl net hyl
529phenyl - NHCOCH34- chl orehenzyl 2- napht hyl nmet hylget hyl

5304- chl or ophenyl - NHCO! chl or obenzyl 2- nap met hyl et hyl
5314-f|uoropheny|-NH.oo 17} orobenzyl2-naph Rt hyl met hyl

5323, 4-di fl uor ophenyl - N ?
533pheny|-NHCOCH34-acetoﬁybenzybgmquhthylneth hn*mm
ylret hyl
.Inethylnethy] 89 WO

5344- chl or ophenyl - NHCOCH3#yacet oxybenzyl 2- na

5354-f | uor ophenyl - NHCOCH344Aacet oxybenzyk 2- nagEt

02/ 085925 536 3,4-di f | udopHenyl - NHCOCH3 PCT/ WS04 .13340 2-napht hyl net hyl
met hyl The follow ng is_aQ Q#%Iine of a synt hef (%athmay for preparing
anal ogs 481-536, howe er,dﬁ er enbodi ment s jof ® 3- ket opi per azi ne
scaffold, for exanpl e R 7 equal to ethyl, mopyl, and the like can be
prepared by using nodjfigation to this gene schene. HaN' ~ /OH HZN i ~
OrBDVMS: COZH H N '

g

N,

Reagents and conditior;s: (d) BrCH,CH,Br, K,CO;, DMF,; 55 °C.

< U
E :\(\/MMS (NI\/OTBDMS
; ;
5 Reagents and conditions: (e) LIOH, 0 °C.

W ' o

502

E:IVW ( Ivm

o &



Reagents and conditions (a): TBDMSCI, DV, 0 Cto A. NOZ | HN ~ ' OrBDVS
CO2 10 Reagents and conditions (b): 2-nitrobenzyl sul fonyl chloride, K2C03,
DVE, O C tQquadboshéds NO2 4-acet oxybenzyl a ,. sot 1 CO20%§E|msez1sss@nDVs 102
+ HN ' OTBDMS CD2H Reagents and conditions: (c) HOBt, EDC,

N- met h&/l mor phol i ne,
COThDMs O | 02 CCFBDMS Reagents and condi tions:
55 C. 102 (x0T 0 0 6. 702 (11 OIBDMs : C', ~

DVF, 0 T. 90 WO 02/085925 PCT/ US02/ 13340 10,

HN
(d) Br CH2CH2Br, K203, DMF;

Reagents and conditions: (f) NH,CHs, PyBOP, 1t.

NO,

Reagents and conditions: (g) p-thiophenol, K,CO;, acetonitrila; 1t:.

H
OTEDMS

—

‘O

N
ENI\/omm _L* [NIO\/
@

CONHCH,

]lioc
[ :I\/ OTEDMS
h (o]
CONHCH,

10

Reagents and conditions: (h) (Boc),0, TEA, DCM, rt.

N %
[ NI\/ OTBDMS [ N I\/OH
N o i N (o}
—
CONHCH;

K&

Reagents and conditions: (i) tetrabutylammonium fluoride, water, rt.

CONHCH; |
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5 Reagents and conditions; (e) LiOH, O T. 102 c::C*-- OTBDMs O NXR2 a |If
102 91 N2 CN QOranivs 0 WD 02/085925 PCT/ US02/ 13340 Reagents and

condi ti oNSwyyd §20sd¥F2CH3, PyBOP, rt. NO2 S02 N COTBDVS | (pefA&RYssioN O
CONHCH3 5 10 Reagents and conditions: (g) p-thiophenol, K2CGC3,

acetonitrile; rt:, Reagents and conditions: (h) (Boc)20, TEA, DCM rt. Boc
N~/ OT~M5 Boc |

Reagents and conditions: (j) Ac,0, pyridine, DMAP, DCM, rt.

EIV ENIVT

o o‘

5 Reagents and conditions: (k) TFA, DCM, rt.

NHBoc

R
CHy

o 0 1 ENI\/O\Q/CHB
— — N o
CONEECH,
-

Reagents and conditions: (I) HOBt, EDCI, N-methylmorpholine, DMF, 0 °C.

2 Z—m



OH Reagents and conditions: (i) tetrabutylamoniumfluoride, water, rt. 92
WO 02/ 085925 PCT/ US02/ 13340 O Boc OyQ CH ~ Reagents and conditions: (j)
Ac20, pyrigdiowosioddP, DCM it Boc | CCOT N O H CN O-CXj p@rusozashii H 5
Reagents and conditions: (k) TFA, DCM rt. NHBoc 0 NHbc R OOH CN ~Oyo C',
Reagents and conditions: (1) HOBt, EDClI, N-nethylnorpholine, DM, 0 C WO
02/ 085925 CH3

NH,

EIVT Y

£

Reagents and conditions: (m) TFA, DCM, 1t.

EIV“‘”

O

5 Reagents and conditions: (n) HOBt, EDCI, N-methylmorpholine, DMF, 0 °C.

CONECH,

PREPARATION OF 3-KETOPIPERAZINE INTERMEDIATE

The following is a procedure for preparing the 3-ketopiperazine intermediate having the

formula:
10
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m N OyCHS C ~O O N Reagents and condi ti ons:

PCT/ US02/ 13340 c:x'r + 0 5 Reagents and conditions: (n) HOBt, EDC
N- et hyl morpHedsgiees DMF, 0 C. PREPARATI ON OF 3- KETOPI PERAS-hgshINBERIVEDI ATE
The following is a procedure for preparing the 3-ketopiperazi ne

i nternedi ate having the fornula: 10 94 WO 02/ 085925 PCT/ US02/ 13340
CCOTBDVB 2-{3-f

2-(tert-Butvldinmethylsilanvl oxv)ethvll-2-0x0-ninerizin-1-yl}-Nnethyl -
3- napht hal en- 2-yl - nr oni onam de (58) Pr epar ati on. of

2-am no-4-(tert-butyl dimethyl silanyl axy)but yfips aci d (52): |1 m dazol e
g, 300 mmol) is added to a solutiorf offhonoserine (11.9 g, 100 mmol)

(100 ni)

and the solution is stirrled m nutes then cooled to 0 C

(m TFA, DCM rt. R4 COzH

(20.4
in DMF

tert-Butyldinethylsilyl chloride (1337 %, 91 mol ) added and the m xture

Is stirred for ten mnutes at 0 C the
The reaction mxture is poured intg
collected by filtration. The'iso
further purification. Preparatio

water (3 L) and the resulting sol

hours at room 10 tenperature.

idis

2d product is dried and used without .

4- (tent - butyl di net hyl si | anyl oxy (2-ni trobenzenesul fonyl am no) butyric
acid (53): 2-Amno-4-(tert-butyldpgret hyl sil anyl oxy)butyric acid, 52, (23.3
g, 10 mol) 8 ;
3-naphthalen-2-yl-propionamide (58
5

10

15

20

25

Preparation of 2-a'mino-4-(tert-butyldimethylsilsiny_loxy)butyric acid (52): Imidazole

' (20.4 g, 300 mmol) isg added to a solution of homoserine (11.9 g, 100 minol) in DMF (100 mL)

and the solution is stirred 15 minutes then cooled to 0 °C. terz-Butyldimethylsilyl chloride (13.7
g, 91 mmol) added and the mixture is stirred for ten minutes at 0 °C the for 4 hours at room
temperature. The reaction mixture is poured into water (3 L) and the resulting solid is collected

by filtration. The isolated product is dried and used without further purification.

Preparation of 4-(fert-butyldimethylsilanyloxy)-2-(2-nitrobenzenesulfonylamino)
butyric acid (53): 2-Amino-4-(tert-butyldimethylsilanyloxy)butyric acid, 52, (23.3 g, 10 mmol)
is dissolved in a mixture of 1,2-dimethoxyethane (800 mL), water (800 mL) and K,CO; (20.7 g,
150 mmol) and the resulting solution is cooled to 0 °C. After 15 minutes, 2-nitrobenzylsulfonyl
chloride (26.6 g, 120 mmol) is added, the cooling bath removed, and the mixture is stirred for 18
hours. The reaction mixture is acidified with 1N HCI to a pH of from 3 to 4 and the solution
extracted several times with EtOAc. The combined organic layers are dried and concentrated in
vacuo and the crude product is purified over silica gel to afford 19.3 g (46%) of the desired
product,

Preparation of 2-[4-(tert-butyldimethylsilanyloxy)-2-(2-nitrobenzenesulfoylamino)-
butyrylamino]-3-naphthalen-2-yl propionic acid methyl ester (54): A solution of 4-(zerz-
butyldimethylsilanyloxy)-2-(2-nitrobenzenesulfonylamino) butyric écid, 53, (41.9 g, 100 mmol),
2-amino-3-naphthalen-2-yl propionic acid methyl ester (41.9 g, 100 mmol), 2-amino-3-
naphthalen-2-yl propionic acid methyl ester (22.9 g, 100 mmol), hydroxybenzotriazole (16.2 g,
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15 is dissolved in a mxture of 1,2-dinethoxyethane (800 nL), water (800
m.) and K2CO3 (20.7 g, 150 mol) and the resulting solution is cool ed to 0
T. After 1%g@.iss, 2-nitrobenzylsulfonyl chloride (26.§ ok
added, the COO(I ng bath renoved, and the mxture is sti rred S 3%8 hours
The reaction mxture is aC|d|f|ed with IN HO to a pH of from3 to 4 and
the solution extracted several tinmes with Et OAc. The conbi ned organic
| ayers are dried and concentrated in 20 vacua and the crude product is
0 .

gf;:og'r gf'lg 30 it 3ol S NIS i BorBh AL 137 22178 nfied) b DRIF DS IR L iofid 1 BT UCT
2- [ 4- (t ert -abdity3-dimatbylirginsipkapplyi3esthy)caBediinide (24.9 Beli3a emed)us Sloyly adiied AJhe
butyry! am 9eiods R0 8RR 1 Houl WA e VBRI 655 Romlithiandd
but yl di met rapbthér|2dnyc. Gbhp yeaptichZolutionio dibied evith swatef ondythermsuiting stlidtiyeollectaddy d, 53,
(41.9 9,1 I% y r ester

'5 8@&5@3}? -chssgl%am =0 %@aﬂ%ggtﬁ{cﬁgtvgﬁw%er{i ridd a%)bo%gén%af@& fngacq;%tt {' e

(41.9 g, propionic acl est er

(22.9 g, 1d crwﬁslpyoduqﬁyhrﬁbwb@ﬁpzlmms&lzméw(aiferd%gg(55%)96 WD 02/ 085925
PCT/ US02/ 13340 120 rrrml) and N-net hyI rmrphol ine (132 nL, 120 mmol) in DWF

(150 nL) is cooled to O and 1-(3-dineth m noopr o I) 3- et hyl car bod
imde (24.9 g, fS%P“FFWBPPf?'? (21 (ks R}‘tﬂé’é@ﬂm 1°"VE§1¥UI£&§)“§W@GPG’P@' is stirred

for 2 hour s.sumtnyi) Aoxbipiperiginl IRSind phtlen-DyIg6hisié ﬁcldihlelhgpﬁtei' EIBREX aiblhire

anot her n .sol di | ter .and the
resul ti ﬁé s°g? [%(t?rgpuggé Ei’lé‘gm )#'(# P’F&h “ﬁ%ﬁ %)ch aigelge oac and
extracted waphihateat2en proﬂibmedmmdthﬂaﬁtaem (6atgem0|mnndﬁcnmlﬁrem®tb1ﬁb (o.balLcr ude

o gggf ; t ‘I"’g 'nﬁg Pm%l) Wb hMGE (38! £8P DNEP 5B LB ifsidda 4t s3°d BP B ours.
2-[ 3- [ 2- ( t St rdactiop bniture tstegdles to aomy termperaturhypiedtedivwitiPIMIKHSSh enttjevesulting

Zglt fe gn{gé) ?sofaé& lpenq@&mlm e#hyﬂv]efat% PRRGR pFdact 19urifEcLOe P (Bdilefial Bt MY !

2-[4-(t &%t W?MWF@WSWGRW IpL, (00 EOAs bp RRds wWith S MeRERAY - but yryl a

m no] - 3- nq@f@ﬁt‘@l&mﬁ»&@g&g&@g@,@md met hyl ester, 54, (63 g, 100 mmol),
1, 2- di bronoet hane (10. 3 , nmol ), potassium car bonat e (138 g,1 nol)

in DMF (500 m) is stirred at 55C for 18 hours. The reaction mxture is
cooled to room Pe¢Hantioh of B[3- mrtmeqlmathylﬁwhﬁﬁmﬁm(Lhﬁrobaﬁbﬂeti ng

over si i caRRuEmp Pt s e et et B Artut2 BB 171
100% Et e\, (tetttbatyldirhefiisilaviyldry)otiy A Citrblenzeaésilfonyl) 20ox8-pipetizid MgylleF t he d es i r ed
product. naphtalen-2-yl propionic acid methyl ester, 55, (65.6 g, 100 mmol) in THF (1000 mL) is cooled in

an ice-bath and treated with a solution of LiOH (21 g, 500 mmol) in water (750 mL). The

solution is stirred for 1 hour at 0 °C then allowed to warm to room temperature and stir an

additional 3 hours.” The reaction is then diluted with water (3 L), cooled in an ice-bath and

25 acidified with 1M HC] to pH 3-4. The resulting solution is extracted with EtOAc. The organic
phase is dried and concentrated in vacuo to afford 48.2 g (75%) of the desired product.

Preparation of 2-[3-[2-(tert-butyldimethylsilanyloxy)ethyl]-4-(2-nitrobenzene-
sulfonyl)-2-oxo-piperazin-1-yl]-/V-methyl-3-naphthalen-2-yl propionamide (57): To a
30 mixture of 2-[3-[2-tert-butyldimethylsilanyloxy)ethyl]-4-(2-nitrobenzene-sulfonyl)-2-oxo-
pipperazin-1-yl]-3-naphthalen-2-yl propionic acid, 56, (6.4 g, 10 mmol), 2 M methylamine (40
ml) in DMF (200 mL) is added benzotriazole-1-yl~oxy-tris-pynolidinol—phosphoniuﬁl
hexafluorophosphate (PyBOP) (7.8 g, 15 mmol). The solution is stirred for 18 hours then diluted
with water (500 mL) and the solution extracted with EtOAc. The organic phase is dried,
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Preparation of

2-[3-[2-tert-butyl di net hyl sil anyl oxy)ethyl]-4-(2-nitrobenzene-

sul fonyl) - Zw@gg,oggbgperam n-1-yl]-3-naphthal en-2-yl propi oRicgaRei/B3426) : A
m xture 2-[3-[2

(tert-butyl di met hyI si | anyl oxy) et hyl ]-4-(2-nitrobenzenesul f onyl) - 2- oxo- pi per
I zin-1-yl]-3- naphtal en-2-yl propionic acid nethyl ester, 55, (65.6 g, 100
mmol) in THE (1000 nmL) is cooled in an ice-bath and treated with a

sol ution of r.{75 . .Ihe tdon is
stirred forco% ggﬁt%@ﬂ‘ 9%‘ %Qcﬁﬁm t?nﬁ siiad %%um Puﬁﬁeg%%%%‘fatg@h%gé‘g FE%nd stir
an addi ti ohalfollowed by &:1 ahdrH&b m@molllmﬁt%) tohéforddliel desired psoiledt. wat er (3 L),
cooled in an ice-bath and 25 acidified with IMHCO to pH 3-4. The resulting
solution is extracted with Et OAc. The organic phase is dried and
concentrated in %B%FGUQIbOfé‘f{ﬁﬂ@e@“tlldgnﬂgﬂWnﬂbxymvlhlkem-muerpﬂbbuﬁﬂv

Pr epar at 50nmedh l-3-naphthalen- Yl—propionanude (58): 2-[3- 2-(tert-buty1d1meth Isilanyloxy)ethyl]-4-
2-[3-[ 2- (tert utyl-di met h -(2-nit }()enzene-

sul f onyl ) - 2(ceERbRzsRe-sulfpR) fVPrwRLa%%%fﬁer-gle élpﬁﬁalﬁhfpé?ﬂ Dyhgrogimnasidgrini de
(57): To a &F gnindiob, tﬁﬂuoroacetlc acid (5 mL), and d1chloromethane (50 mL) is stirred at room

2-[3-[2-tert-but 2- n|troben ene ul fonyl)-2-o0
xo! pl[ppera%nﬁer qu?rr%‘?ﬁ% ﬂnéﬁ“‘:i‘;%%sﬁ'r '}o?ﬁh Cré{?ﬁ@““%s fsglved i, 10yn¥ml)
2 M net hyl adrclﬂeromdtﬂane iahd) the orgdﬁl\iﬂay(aﬂ%hemwltm sstuard esllidnebizobonhta zeikd; and

1-yl - ox;qot _rr.%?%cet%frn mv cua?oaf{gm&o n| tﬁrgf‘éctexafl uor ophosphate (PyBOP) (7.8 g,

15 iried ‘hours then diluted wth water
(500 m_) and the soI utlon extract ed with Et OAc. The organi ¢ phase is dried,
98 WD 02/ 085925 PCT/ US02/ 13340 conc in vacuo and the resulting
crude product is purified over 5| I [ ca ge E’%i%t OAC/ hexanes 1 3, followed by
1:1 and 10% met hasetic acld 2=f1 dRf2racptylany (hvirgxvehenyliuzopienviaminel-3- eparation
of 2-{3-[2- (tert Bubsb ' 'fe'ln-l-yl}-N-' 5
met hyl - 3 napht hal en-2-yT - ) : :
2-[3-[2-"Ptert-butyl di methyl si | arRess ethyl ¢f
(2- mtrobenzene sulfonyl) 2- 0X0- pi pera2| n- 1-yl ] - N-nmet hyl - 3- napht hal en- 2-yl
pr opi onam de,

i f, aC| and

di chl or omet hane %Bsrﬁlq‘}n ‘?2'[%'8”' ‘étﬁgdg?etﬂydﬁiwﬁ %El@'ﬁié'f'gr%e “‘E‘"ﬂ%’)ﬂ #3 and
t hen concenbaphthatkni2qylethyl)spiperizine- bcarderyﬁc addiztz-hugyl estay59)y mﬂ-tarmutyl
di chl or onet t t r
bi car bonat e&l@agﬁ n?tg?% ﬂr% 1%{)’0&3 ajnlg %Jn Fat e}é\@%%@té%gu%a {éﬁab f'g‘)%lty]td ql&em red
product 201 551Emb_eglyg -2paxe{piperizin U-yl}-N-methyl-3-naphthalen-2-yl-prop10nam1de, 58,455 g,
2-11-1 2-f 2- pirior) ARy Rmid YA YENERYD AidoRel AR RRRlaaSa6¢L) at 0 °C.

The resulting solution is allowed to warm to room temperature and stirred for 4 hours. The

solution is then diluted with dichloromethane (100 mL), washed twice with 1 N HCl and twice

with aq. NaHCO; solution. The organic layer is then dried over Na;SO,, filtered and concentrated

25 invacuo to give the desired product which is sufficiently pure for use without purification.

Preparation of 2-(2-hydroxyethyl)-4-(1-methylcarbamoyl-2-naphthalen-2«
ylethyl)piperazine-1-carboxylic acid fert-butyl ester (60): A solution of 2-[2-(tert-
butyldimethylsilanyloxy)ethyl]-4-(1-methylcarbamoyl-2-naphthalen-2-ylethyl)-piperazine-1-

30 carboxylic acid terz-butyl ester, 59, (15.9 g, 23.5 mmol) and 1 M tetrabutylammonium fluoride
(40 mL) is stirred for 24 hours. The reaction solution is ﬁ]tered through a pad of silica gel, the
filtrate is concentrated in vacuo, and the resulting crude product purified over silica gel
(EtOAc/hexane 1:2, 1:1, then 5% methanol in EtOAc) to afford the desired product.

97



f uor ovhenvl ) uroni onvl } - 4- (1- net hvl car banovi - 2- napht hal en- 2-vl et hvl) -

pi perazin-2-vll ethyl ester Preparation of

2-[ 2- (tert +pglybgdbaxet hyl si | anyl oxy) et hyl ] - 4- (1- et hyl car bpgpiskeatsaso

napht hal en-2-yl et hyl ) - pi perazi ne-1-carboxylic acid tert-butyl ester (59):
D-tert-butyl dicarbonate (26.2 g, 120 nmmol) is added to a stirred
solution of 2-{3-[2-(tert-butyldi nmethyl 20

si | anyl oxy) et hyl ] - 2- oxo- pi peri zi n-1 -yl }-N-met hyl - 3- napht hal en- 2-yl - pr opi ona

m de, 58, (45.5 2 ssol ved
i n di chl or onet haglépf‘%gg [r;%%zaf" "8hys'fﬂgmfmgﬂ b&i’ﬁo %W?‘ﬁf?hmigyl%ﬁ“{ owed to
warmto roo mnememmogylmaxdm-wmswwm Ahmhmgn ofﬂﬁ@hYémkmhyb-H (is then

diluted wt tw ce
Gih g, o EShEAb AR SRt hipetlaB 1 ShobIE foifherbuds Dioh, 3G,
filtered andombeqqetmp@@n@%ﬂﬁ mlgamﬁenet(bmg)apéMmmwanwmwmm@ﬁmch i s

sufficien! WicRidfomethite (S@ﬁL)/\fs Eti}fwfforﬁ%rhb\fré Crike E&{ihon% tﬁMxﬁLdt&&%ﬁlfwater and -
2-(2- hydroxyetgﬁ/ﬁ)éf (1- net hyl car banoyl - 2- napht hal en-2-

yI et hyl ) pi pek Preanic PRars/s Ariedaeqnepniraidin tague pndtae wpultingryude prodyst ut i on of
2-[2-(tert- plrided bebr Biﬁ&d’gel @td)ﬁd’lhgxﬂ?é)l)ﬁﬁelﬂ)ﬂl} to afford the desired product.
-4- (1- et hyl car banoyl - 2- napht hal en- 2-yl et hyl ) - pi perazine- | 30 carboxylic
acid tert-butyl ester, 59, (15.9 g, 23.5 mmol) and 1 Mtetrabutyl ammoni um
fluoride (40 nL)'re'psraﬂbin off aeekid apid 22[4- (hnmmslcarﬁhmoyleaﬁphthaleﬁdl-mi}mn i's
filtered,g hr G Itr ed in
vacuo, a1n(%:l lp léga?‘é‘?u fgﬁg e?:tgltj{g%) az_(g_g x%&' Pr 4‘“&°thc¥ve bagxo)ﬁ(}-ngp BF A
( Et CAc/ hex arybthyb mpetzzlllq-l-cdm'eoxyli@/bcrdmmm Iesterr61E¢4®% 10 mmolaa‘thﬂumioabm adédi red

D (2~ acet oxyLva aitiabaind i by el rdsk BRI B Fhousy maep,
pi per azi ne- P,OIGBRUB@%V'I Weuoaahﬁcm@fwodﬁﬁﬂws‘éwéﬁ dletéq;pmetbangemm¢ @epnisflayer

2-(2- hydr Oxm&m{v)th indraked sodium bxcarbonate. dried, and concentrated ih vacuo to afford the desired
nethylcarbannyl 2- napht hal en- 2-yl et hyl ) pi perazi ne- | -car boxylic acid

t en- but y15 e®fd¥ct 60, (4.4 g, 10 mml), acetic anhydride (13 mL), pyridine
(1 mL) and NN-di net hyl am nopyridine (0.25 g) in dichloronmethane (50 nL) is

v The or gan cPRueloR & et 20 Sotorapu HiGiastpehtieifonid 280 1 ng

crude produ miethypurhahlogm-mmmatanu-ylethgmlpe(dﬂnmﬂ] -Ethyloester (53)3 Akcdniodofl) to

gf { 2" ?1t Prgt %‘? %lé Eac‘r?cgz ﬁf)@ 1ca@%§§gr2‘% réhgi_gl ? l}%&%ﬁﬁer&% gylal thﬁl egfer, ﬁ € ﬂ"‘Y'
esier (620 : goL00 mmmbobySysensaiszdle (164 50Uy b Mbyethmacgbbiite 1 L2120
yl et hyl) - pi perpzi PR (1%193&’&01& tPPICAnd BO5-AMENNarkiRbizbpyl) BlethylArbBdilniae O

nmol ), trifl uoroacetl Cc_ acl
(24.9 g, 130 mmol) is slowly added. The resulting mixture is stirred for 2 hours at 0 °C then

allowed to warm and stir at room temperature another 2 hours. The reaction solution is diluted
with water and the resulting solid is collected by filtration, re-dissolved in EtOAc and extracted
25  with water, dried and concentrated in vacuo to afford a residue which purified over silica gel.

Preparation of acetic acid 2-{1-[2-amino-3-(4-fluorophenyl)propionyl]-4-(1-
methylcarbamoyl-2-naphthalen-2-ylethyl)piperazin-2-yl}-ethyl ester (64): (6.3 g, 10 mmol),
trifluoroacetic acid (5 mL), and dichloromethane (50 mL) is stirred at room temperature for 2

30 hours and then concentrated in vacuo. The crude product is dissolved in dichloromethane and the
organic layer washed with saturated sodium bicarbonate, dried, and concentrated in vacuo to
afford the desired product.
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m.), and dichloromethane (50 nlL) is stirred at roomtenperature for 2 hours
and then concentrated in vacuo. The crude product is dissolved in

di chl or onetyh@ggosdsnd t he organic layer washed with saturapegfy§Rdsssd

bi carbonate, dried, and concentrated in vacuo to afford the desired 15
product. Preparation of acetic acid

2-[1-(2-N-Boc-am no- 3-(4-fl uorophenyl) propl onyl)-4-(1-

net hyl car banoyl - 2- napht hal en- 2-yl et hyl ) pi perazin-2-yl]-ethyl ester (63): A
sol ution of % Pr@ q 3. Noronien

2-[ 4- (1- et hy| ceheRSTALQA of aceflc gcld Z-L1-L3;[2acetylapinor3-(hydroxyphepypropiqnyk, 1\ | oster
62, (38.3 a’aﬂhng],-s-Mhomphbl)y,l)pmpihwb}jﬁb(émmmaahmmel-z-n@hzl@gn-&ﬂelhﬂhfoI) and

N-rrethyl 2 I 15! s cooled to 0 C and
1- (3-di me ?‘1&6‘2'2?@?5&%3 1R o ke {(‘?@9“‘%")’ 50 mol ) is slowy
added. Th eﬂlroe@hew)nlgplmﬁtﬁn(rlénﬁt@ ogxbamméd-mmﬂlaimﬁdmtkyl)mpe@zwtmeﬁhyla| | owed to
war m ang Sésleh@t(tﬂ@gqbéﬁﬁ Bridhitk %@&&@éaazfg%@&mﬁh&dm&actl on solution is

~diluted er "and the resulting sol S coIIected by. filtration,

re- di ssol veethylmompheline (137 sile 120 mreqllig WQWL)A!&?@M ) 1&addr3 concent r at ed
in vacuo t@pgh 1%§Loﬁo§y9 al’l-f%ﬂ:ﬁﬁd@ Bujofgi gdmrls ﬁwl;/ adle@CThe rRulAGr at | on of

acetic acid 2-{1. - -quoro hen |on

met hy| car DAY is zmﬁ&s?ft%awéﬁwz%e&aﬂ? 3%?% Thersty t°§19§|5?i“‘°€§?‘8‘?’ 2(64):
(6.3 g, l%dma IThe readtioh §dlution dakleted Witk @htek a@&thﬁte)sulmigrndhdiis ctlleoedbyefilatior, (50 nl)
IS stlr [,oom er [ 3 n ted in
vacuo. ﬁsﬁg}é d’?ggmc% an?éxltlr ‘%l"s(f(s‘gf'h \%aaer‘ n d| ch %rlgrr?ep ﬁ%‘ﬁgu"% é g organi c

| ayer vvashtesidwwmctsmnﬁﬂrdaiva'dllsmwum bi carbonate, dried, and concent rated in
vacuo to afford the desired product. 98 WO 02/ 085925 PCT/ US02/ 13340
Preparation of acetic acid

2- [ 1- { 2- [ 2- acet Aaater ieatidn of thid cosspprand v Jasatiop pfshg/aspect of thé invention, which - __
am no]j - 3- ( 1 pﬁggﬂ en-2-yle
thyl)- pi pé%ag"lzs I&bﬁ?g&&%{ﬂkﬁ@‘%&g@ﬁé&k ﬁéﬁ&hﬁgﬁeﬁ%u BebRLK g ng@{aagi}@ﬁk_

1- [ 2- artPnofogm

fl uor ophenyl )prop| onyl]-4-(1-methylcatb
in-2-yl } -ethyl 5 ester, 64, (54.% 100 mmol ), hydroxybenzotri azol e
(16.2 g, 120 mml), and N- met hyl ngr phQl ine (132 ni, 120 nmol) in DVF (150
m.) is cooled to O C and 1-(3- dinetthyl 8m nopropyl)-3-et hyl carbodi i m de
(24.9 g, 130 nmmol ) is slowy added. Oresulting mxture is stirred for
hours at 0 C then allowed to warm and stlr at roomtenperature anot her 2

hours. The reaction solution is dil Bat er and the resulting solid
is collected by filtration,

V%H

R CONHz

wherein R, R? R, R, and R’ are defined in Table X herein below.

%m)yl 2- napht hal en- 2-yl et hyl ) pi per az

TABLEX

No. R R* R’ R* R’

537 phenyl -NHC(O)CH; H benzyl phenyl
538 benzyl -NHC(O)CH, H benzyl phenyl
539 3-fluorophenyl -NHC(O)CH; H benzyl . phenyl
540 4-fluorophenyl -NHC(O)CH, H benzyl phenyl
541 | 3,5-difluorophenyl | -NHC(O)CH; H benzyl phenyl
542 4-chlorophenyl -NHC(O)CH, H benzyl phenyl
543 4-hydroxyphenyl | -NHC(O)CH, H benzyl phenyl
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10 re-dissolved in EtCAc and extracted with water, dried and concentrated
In vacuo to afford a residue which purified over silica gel. Another
iteration afobhbssegategory and an iteration of the aspect ppykipissgvention,
which relates to Y units wherein R S conprises -Nil2 or -CH, enconpasses
receptor |ligands having the 15 fornmula: H. CNOH N OH R CONH2 wherein
R R2, R3, R4, and RO are defined in Tabl.e X herein bel ow. TABLE X No. RRRRR

537phenyl - NHC( @) %HE,GD\\ZX! Ipﬂhenyl 53§benzyl NHC( O) CH3Hbenzyl phenyl
5404 {1 uop obetyy| - NA® 01 peRgol Gy | B | #midamsyimeiyl | pheny
5413, 5-di f IMr »phenvyzl?xz_\zl\yliclg’ .0.2‘ CI-]SHb@))t’Z)IE‘HF heHy| | 4-imidazolylmethyl phenyl
gjgj: ESS: b 4§'h'e nﬁww SRACDEHE Ay | Hoo |wiimidesilees! domherBos 13340
544phenyl NH;C\( E) G-Efwtephan}d azoI NHG@I)@I;IJ ¢ heH}{! 4-imidazolylmethyl phenyl
gjgg?'?lzﬁlo ohRery I TR eRHer 1, IN] C@zoﬂ Iy hyl fifidtpelylmethyl |. phenyl
5474-f1 uoy Ioﬂﬁen yl 4-0“@@@)3!1}4!&- -—FEH(E@@HJ) | nlﬁl .hw f)-hﬂiflgdglylﬂl?thyl phenyl
5494 chl of Culeltyl RECT B COat b (oS GICHS V1 0By || S RAGE ey |~ pheny
5504- hydr oxiﬁrbhenyl DY) CHIHANHGQUEH 0|y | Het hy| glebloydbenzyl phenyl
552 benzyl -NHC(O)CH;3 H 4-chlorobenzyl phenyl
553 3-fluorophenyl -NHC(O)CH, H 4-chlorobenzyl phenyl
554 4-fluorophenyl -NHC(O)CH; H 4-chlorobenzyl phenyl
555 | 3,5-difluorophenyl -NHC(O)CH; H 4-chlorobenzyl phenyl
556 4-chlorophenyl = | -NHC(O)CH, H: - 4-chlorobenzyl phe'n)Ti_
557 4-hydroxyphenyl '| -NHC(O)CH; H | 4-chlorobenzyl phenyl
558 phenyl -NHC(O)CH; H 4-hydroxybenzyl phenyl
559 benzyl -NHC(O)CH; H 4-hydroxybenzyl phenyl
560 3-fluorophenyl -NHC(O)CH;,3 H 4-hydroxybenzyl phenyl
561 4-fluorophenyl -NHC(O)CH; H 4-hydroxybenzyl phenyl
562 | 3,5-difluorophenyl | -NHC(Q)CH, H 4-hydroxybenzyl phenyl
563 4-chlorophenyl -NHC(O)CH;,3 H 4-hydroxybenzyl phenyl
564 4-hydroxyphenyl -NHC(O)CHj; H 4-hydroxybenzyl phenyl
565 pheny!l -NHC(O)CH, H benzyl 2-naphthyl
566 benzyl -NHC(O)CH; H benzyl 2-naphthyl
567 3-fluorophenyl -NHC(O)CH, H benzyl 2-naphthyl
568 | 4-fluorophenyl | -NHC(O)CH, | H benzyl 3-naphthyl
569 | 3,5-difluorophenyl | -NHC(O)CH, H benzyl 2-naphthyl
570 4-chlorophenyl -NHC(O)CH,; H benzyl 2-naphthyl
571 4-hydroxyphenyl | -NHC(O)CH,3 H benzyl 2-naphthyl
572 phenyl -NHC(O)CH;, H 4-imidazolylmethyl | 2-naphthyl
573 benzyl NHC(O)CH: | H | 4-imidazolylmethyl | 2-naphthyl
574 3-fluorophenylt -NHC(O)CH; H 4-imidazolylmethyl | 2-naphthyl
5§75 4-fluorophenyl -NHC(O)CH; H 4-imidazolylmethyl | 2-naphthyl
576 | 3,5-difluorcphenyl | -NHC(O)CH; H 4-imidazolylmethyl | 2-naphthyl
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551phenyl
552benzyl

- NHC( O) CH3H4- chl or obenzyl phenyl
- NHC( O) CH3H4- chl or obenzyl phenyl

5533-f | uor owbeeyyssedsHC( O) CH3H4- chl or obenzyl phenyl PCT/US02/13340
5544- 1| uor ophenyl - NHC( O) CH3H4- chl or obenzyl phenyl
5553, 5-di f | uor ophenyl - NHC( O) CH3H4- chl or obenzyl phenyl
5564- chl or ophenyl - NHC( O CH3H4- chl or obenzyl phenyl
5574- hydroxyphenyl NFKXC»C}BFM chlorobenzylphenyl
558pheny| Nm f_“”' XY 1(| - )
550benzyl - NG o) CHETRT DD benzv(og(‘r‘? | H | 4ixidazolylmethyl | 2-naphtbyl
5603- f | uorjotiényl 4 h&dﬁ(@@hﬂl—kl H‘;ﬁﬁ( nzyHphe riyimidazolylmethyl | 2-naphthyl
5614- f | uor prfFgTYT=NHGEORCHS T benzympheny) .
5623, 5-di f Eg?o henyl - %X() = o vb%nz Iokgﬁvphmad 2-naphthyl
5634- chl orjopt8€ny!| - I-@(ﬂ@)lCHSI-M H‘ﬁﬁ(@)ﬁﬁbenzprh bny4-chlorobenzyl | 2-naphthyl
5644- hydr oxygzhreny 13ti4= 2 ezt eyt .
565phenyL-NHé?O Cﬁgﬁae ZVPE nagqg‘Q 6(be%2v -N EP@?EﬂQﬁben%JP@qﬁ%mhthyl
5673-f | uorjopisanyl M@@@%Ht)eﬁﬁﬂ(@%pht hiE| 4-chlorobenzyl | 2-naphthyl
5684- f | uor praggmy AR reEye (Ei?"'”i' i .
5693, 5-di flLuar of r?env ) %(r?% na%ht Nyl 4-chiorobenzyl 2-naphthyl
5704- chl orlop#®ény| W@WB HoeGC@)GHpiht hifl 4-chlorobenzyl | 2-naphthyl
5714- hydr oXYREENYh 13 o) i ' aphtHyt - .
572phenyl - 589 h &f&&w_ | _eggl":( mylmrm(ib?;cvml-?- nalght yl 4-chlorobenzyl 2-naphthyl
573benzyl - NHEEO CHSI—EMJYH daz gl YWHEOMH:2 | naBht hy4-hydroxybenzyl | 2-naphthyl
5743-fl uorfo Ny =N led -Qﬁﬁgﬁﬁggyrﬁﬁﬁth_i ;Hﬁyg T »
5754-f1 uor 025;82” |- NHC( -im dazol ylinet hy ?énaph?];g/élﬂyl 2-naphthyl
5763, 5- di f ﬁﬁophéﬂqorqnhwb) CHIVECIOX az of 51 mpt Hyhydroryhspavhy [| 2-napigh
02/ 085925 RHEOUP0ZL. Hen -NHC(O)CH. H “hvdr » h
5774- chl or :?hpn 1 - NHC( ("JZR -im rfa';n 3vI nef hyl 2 nhgn ox%benzyl Znaphthyl
590 13 5—d1ﬂuorophenyl -NHC(O)CH; H 4-hydroxybenzyl | 2-naphthyl
591 4-chlorophenyl -NHC(O)CH; H 4-hydroxybenzyl | 2-naphthyl
592 4-hydroxyphenyl -NHC(O)CH, H 4-hydroxybenzyl | 2-naphthyl
593 4-flucrophenyl H H benzyl 2-naphthyl
594 phenyl H H benzyl 2-naphthyl
595 4-fluorophenyl H H 4-hydroxybenzyl | 2-naphthyl
596 phenyl -NHC(O)CH; H 2-naphthylmethyl | 2-naphthyl

The following is an outline of a synthetic pathway for preparing analogs 537-596,

however, other embodiments of this 3-ketopiperazine scaffold, for example, 3-hydroxypropyl

analogs, and the like can be prepared by using modification to this general scheme.
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5784- hydr oxyphenyl - NHC( O) CH3H4- i mi dazol yl net hyl 2- napht hyl

579phenyl - NHC( O) CH3H4- chl or obenzyl 2- napht hyl

580benzyl - Nidafehésh3HA- chl or obenzyl 2- napht hyl PCT/US02/13340
5813- f | uor ophenyl - NHC( O) CH3H4- chl or obenzyl 2- napht hyl

5824- 1| uor ophenyl - NHC( O) CH3H4- chl or obenzyl 2- napht hyl

5833, 5-di f | uor ophenyl - NHC( O) CH3H4- chl or obenzyl 2- napht hyl

5844- chl or ophenyl - NHC( O) CH3H4- chl or obenzyl 2- napht hyl

5854- hydr oxyphenyl - NHC(C»Cﬁ3H4 chl or obenzyl 2- naphtg yI

586pheny! - NHC( O) CH3H4- hy dreXyBenzy! 2- napht hyl R

587benzyl - NHC( O) CH3H4- hydr oxybenzyl 2- napht hyl

5883- f | uor ophenyl - NHC( O ohydroxybenzyIZ-nth ()
5894-f|uorophenyI-NHC( ohydr oxybenzyl 2- maphihylo
) H4- hydr oxybenzyl Z- napht hyl
5914- chl or ophenyl - NHC( O @hzyl,2- napht
. 5924- hydroxyphenyl - NFKXC§¥§§E§2ﬁgﬁf§ﬁ€benzyrz napit h
5934- quorophenyIHHbenzyIZ- shyl 894phenyl HHbenzy

5903, 5-di f | uor ophenyl -
£ f 6PYS% ng is an outline

896, however, ot her
xampl e, 3-hydroxypr opyl
ication to this general

enbodi ments of this 3-ket
anal ogs, and the |ike cg
schene. 5 101 WO 02/ 08
conditions: (a) NaOCH3/ .

Reagents and conditions: (a) NaOCH,/CH;0H

EXAMPLE 10-

Preparation of 2-[4-[2-[2-acetylamino-3-(4-hydroxyphenyl)propionylamino]-3-(4-
fluorophenyl)propionyl]-3-(2-hydroxyethyl)piperazin-1-yl}-N-methyl-3-naphthalene-2-yl-
propionamide (66): To a solution acetic acid 2-[1-{2-[2-acetylamino-3-(hydroxyphenyl)-
propionylamino]-3-(4-fluorophenyl)propionyl }-4-(1-methylcarbamoyl-2-naphthalen-2-ylethyl)-
10  piperazin-2-yl]ethyl ester, 65, (7.5 g, 10 mmol) in methanol (50 mL) is added freshly prepared
NaOCH; (0.55 g, 10.1 mmol) and the solution stirred overnight. The solution is concentrated in
vacuo, the resulting residue partitioned between dichloromethane and water, the organic layer is
dried and concentrated in vacuo to afford the desired product.

15 Another category of receptor ligand analogs according to the present invention relates to

2,5-substituted 3-ketopiperazines comprising the conformationally restricted ring scaffold having

the formula:
Y
X
27« riz 0
H
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EXAMPLE 10 5 Preparation of

2-[ 4] 2-[ 2- acet yl am no- 3- (4- hydr oxyphenyl ) pr opi onyl am no] - 3- (4-

f 1 uor ophenyjg giRgi29ny! ] - 3- (2- hydr oxyet hyl ) pi perazi n- 1-yl ] pd&/08d2hysi40 3- napht h
al ene-2-yl - propionam de (66): To a solution acetic acid

2-[1-{2-[2-acetyl am no- 3- (hydr oxyphenyl ) -

pr opi onyl am no] - 3- (4-f| uor ophenyl ) propi onyl

}-4-(1- rret hyl car banoyl - 2- napht hal en-2-yl et hyl ) 10 pi perazi n-2-yl] et hyl
ester, e&‘ﬁ&m& r reRtegpar ed
NaOCHB (0 5 ere§1 @%c%nm&%lndic s%)clertlslﬁcggrill1 lggtvll Fu#yét: ﬁ%@?ﬁﬁé grl%i.a X}I/'rhe sol ution
i s concent rtap@uhm:ﬁng eraples ofioneaspect efiapalogs in hisicefegory A imaloghRRIng BPveen

di chl or onetfang. and water, the organic layer is dried and concentrated in
vacuo to afford the desi red product. 15 Another category of receptor |igand
anal ogs according to the present invention relates to 2,5-substituted

3- ket opi perazi nes conprising the conMorpmational ly restri ct ed ring scaffol d
having the formula: w-1 N* Y 0 1 H10 2 . WO 02/085925 '
PCT/ US02/ 13340 wherein the carbon a{Q i ndicated with an asterisk can have
any configuration. Table X rel ates o flon-l1initing exanpl es of one aspect
of analogs in this category, sai & fs having the fornula: 5 wherein R
R2, R4, anhd RO are defined in Table X4 TABLE XI' No. RRR R 4R9

597pheny| NHC( O) CH3Hbenzyl phenyl , =

NH
o N/

H N
|
5 F =
wherein R, R R*, and R® are defined in Table X.

t

TABLE X1

No. R R’ R R* R’

597 phenyl -NHC(O)CH; H benzyl pheny!
598 benzyl -NHC(O)CH; H benzyl phenyl
599 3-fluorophenyl -NHC(O)CH; H benzyl phenyl
600 4-fluorophenyl -NHC(O)CH; H benzyl phenyl
601 3,5-difluorophenyl | -NHC(O)CH; H benzyl phenyl
602 4-chlorophenyl -NHC(O)CH, H benzyl phenyl
603 4-hydroxyphenyl -NHC(O)CH; H benzyl phenyl
604 phenyl -NHC(O)CHj; H 4-imidazolylmethyl phenyl
605 benzyl -NHC(O)CHj,4 H 4-imidazolylmethyl phenyl
606 3-fluorophenyl -NHC(O)CH;3 H . | 4-imidazolylmethyl phenyl
607 4-fluorophenyl -NHC(O)CH; H 4-imidazolylmethyl phenyl
608 | 3,5-difluorophenyl | -NHC(O)CH3 H 4-imidazolylmethyl phenyl
609 4-chlorophenyl -NHC(O)CH,3 H 4-imidazolylmethyl phenyl
610 4-hydroxyphenyl -NHC(O)CHj; H 4-imidazolylmethyl phenyl
611 phenyl -NHC(O)CHj, H 4-chlorobenzyl phenyl
612 benzyl -NHC(0)CHj; H 4-chlorobenzyl phenyl
613 3-fluorophenyl -NHC(O)CH; H 4-chlorobenzyl phenyl
614 4-fluorophenyl -NHC(O)CH;, H 4-chlorobenzyl phenyl
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598benzyl

6004- f | uor ophenyl -

6013, 5-di f

- NHC( O) CH3Hbenzyl phenyl
NHC( O) CH3Hbenzyl phenyl
NHC( O) CH3Hbenzyl phenyl

5993-f | uor ophenyl

- NHC( O) CH3Hbenzyl phenyl

PCT/US02/13340
6024- chl or weny@ﬂHC(O) CH3Hbenzyl phenyl CTiusoy
6034- hydr oxyphenyl - NHC( O) CH3Hbenzyl phenyl
604phenyl - NHC( O) CH3H4- i m dazol yl net hyl phenyl
605benzyl - NHC( O CHSH4 i m dazol yl met hyl phenyl
6063-f 1 uor nhen J\II—I(‘{ﬂ CH3Hd-im ri_a_z_g_]_y_ | net hu nhanwvl
6074- f | uor|o9h&n I3 5@%@@%‘-&1 NSy | mdt hy) pHisifgrobenzyl phenyl
6083, 5- di f[T§RE0 I o o)nH;aZOIHI MET Ny EHMTCHRAEY] phenyl
6094- chl orlapheny| - NHC( 4-i i dazol vl pethyl ghenyl
6104- hydr ¢ xﬁ&’ﬁehy‘i-h!rq%é"@mhs HrNHGQCHs | |/ n'Pét hyI | ghehlqppbenzyl | phenyl
611phenyl -[Nggg§ O] CH3Fgtegy) OF O enEd(Ojten H 4-h; henyl
61ZBenz§| -I\IEI(CP‘%{'\ CH3l ﬁ!:rer:ﬂl Yl \nnv\ll(g\ y 1 ydroxy})enzyl : pheny
6133- f | uorloffi@ny! - CHBHA- T e 7y|%henyﬁ-hydroxybenzyl pheny]
6144-f | uor ormen [ Mﬁ@éﬁbﬁl—kl NHOYRNZ Y| mhenyh-hydﬂ%em 02/ GBESR5
PCT/ US02/ 1334061535 o~ opRepHNHECO-EHHE—e 016 Iphc“.
6164- chl orlofényl - ?‘CPLE Hl- by Bhehy ESGoRe o
6174- hydr dxygabenals- ﬁlel%NHﬂ(oymhe 1zyﬂi phgnyihydroxybenzyl phenyl
618pheny| - (-OCH3=4 pﬁ f‘" IO Thd e 1 ” :
“619benzyl|- NE&( ©) Crblopgphenyl or?‘] RSy ph%ny 4-hydroxybenzyl | pheny
6203- f | uorjoenyl 4W@WHL INHO(O)GH3 e nzyH ph enylfhydroxybenzyl phenyl
6214- f | uorjepheryH NHQ&’“CH3P Ryrcemopberrmrphery ]
6223, 5- di f|l (8F ophenyPRiic O CHRERIAB oky BEnzy | phe KA 2-naphthy
6234- chl orjopg2ény| - NHezp&)l CH3HA - NHE(O)XSHaenzyl pheny|  benzyl 2-naphthyl
6244-hydrg _ 3-ftlorophenyl ~ | -NHC(OCH, > niﬁ' PI=TY T benzyl 2-naphthyl
628 4-fluorophenyl -NHC(O)CH;,3 H benzyl 2-naphthyl
629 | 3,5-diflnorophenyl | -NHC(O)CH; H benzyl 2-naphthyl
630 4-chlorophenyl -NHC(O)CH; H benzyl 2-naphthyl
631 4-hydroxyphenyl | -NHC(O)CH; H “benzyl 2-naphthyl
632 phenyl NHC(O)CH; | H | 4-imidazolylmethyl | 2-naphthyl
633 benzyl -NHC(O)CH; H 4-imidazolylmethyl | 2-naphthyl
634 3-fluorophenyl -NHC(O)CH; H 4-imidazolylmethyl | 2-naphthyl
635 4-fluorophenyl -NHC(O)CHa H 4-imidazolylmethyl | 2-naphthyl
636 | 3,5-difluorophenyl | -NHC(O)CH, H 4-imidazolylmethyl | 2-naphthyl
637 4-chlorophenyl -NHC(O)CH;3 H 4-imidazolylmethyl | 2-naphthyl
638 4-hydroxyphenyl | -NHC(O)CH; H 4-imidazolylmethyl | 2-naphthyl
639 phenyl -NHC(O)CH; H 4-chlorobenzyl 2-naphthyl
640 benzyl -NHC(O)CH; H 4-chlorobenzyl 2-naphthyl
641 3-fluorophenyl ~-NHC(O)CH, H 4-chlorobenzyl 2-naphthyl
642 4-fluorophenyl -NHC(O)CH, H 4-chlorobenzyl 2-naphthyl
643 | 3,5-difluorophenyl | -NHC(O)CH; H 4-chlorobenzyl 2-naphthyl
644 4-chlorophenyl -NHC(O)CHs H 4-chlorobenzyl 2-naphthyl
645 4-hydroxyphenyl -NHC(O)CH;,4 H 4-chlorobenzyl 2-naphthy!l
646 phenyl -NHC(O)CH; H 4-hydroxybenzyl | 2-naphthyl
647 benzyl -NHC(O)CH;, H 4-hydroxybenzyl | 2-maphthyl
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625phenyl

- NHC( O) CH3Hbenzyl 2- napht hyl
6273-fl uor ophenyl -

NHC( O) CH3be

nzyl 2- napht hyl

6284-f | uor ophYRyeseNHC( O) CH3Hbenzyl 2- napht hyl

6293, 5-di f | uor ophenyl -
6304- chl or ophenyl -
6314- hydr oxyphenyl

626benzyl

- NHC( O) CH3Hbenzyl 2- napht hyl

PCT/US02/13340

NHC( O) CH3Hbenzyl 2- napht hyl
NHC( O) CH3Hbenzyl 2- napht hyl
- NHC( O) CH3Hbenzyl 2- napht hyl

632phenyl - NHC( O) CH3H4- i mi dazol yl et hyl 2- napht hyl

633benzyl - FYF»FLRFM-inidaza_yLneLh§L2= ht hyl

6343-f | uor bpfidnyll - Refleprophepd ! - MHECGHy | Ehw 2-4ihysEaxbanzyl | 2-naphthyl
6354- f | uor ppEENY|T - FAF INHdeU;QHyI ety T|2- Aapkddbenzyl | 2-naphthyl
6363, 5-di f luoropheny]| - P( ('\\ CHRH Zol vl ndt hyl 2. ngnht !'\yl

6374~ chl or pphhy 3&14@(“@550@@14 i-WHEOGHy || netthy 1|2 Hhyseabanzyl” | 2-naphthyl
6384- hydr okKyggynnyT 4&!&1‘0 - NAC@ZE! YT M hy|l 24 Rppdidbeakyl | 2-naphthyl
639phenyl - NHCLO) | orgh |2t —

. 640benzy! - NHEF0) Q%Hw%mhe?yébnn%‘v@ﬁgpht hyd. .| 4-hydroxybenzyl | 2-naphthyl
6413-f | uor opEEY - Blifeblebteny A ChT opObenzyT 2x Ngphi hybenzyl 2-naphthy!
6424-f1 uor hpn\1| l\ll—lf‘( I ("I—IQI—I/I chl orobenz nphi-hyvl
6433, 5- di f heny IPRRIE( O) CHaHa- B orobeiizyl 2- napPRoR | 2-naphthyl
6444- chl or, &h@PM-ChIoH6benzylZinaph4hthgmmuy1 2-naphthyl
6454_ hydr 0) ]\||—lf‘/ f\\ r‘L.lQI_l ﬁh er-aher A /2 apzlnf hﬁth T 5 T
646pheny!| - ) r oxyp€e zyﬁgéquhtﬁ§l -naphthylmethy ~naphty
647benzy|-ﬂHC(C»CH3H4 hydr oxybenzyl 2- napht hyl 104 WO 02/ 085925
PCT/ US02/ 13340 6 N—ggg n@?@tﬁg Z6kZson et hy!
6494- fIuoropheny?ﬁ§§&§¢§gﬁggﬁﬂﬁka e g%%ﬁxﬁﬁ& E
6503, 5- di f | boweypthetheriemipibnentc=g maﬁ?ymfcsb@,a)é@mgne@zmwhﬁfqman be prepared using
6514 chIoroggﬁﬁwhmgk§£g%gygﬂﬁmg&ggoxybenzyl2 naphthyl -

' 5

?Cﬂa

Osx N
(o)
NHBoc

Reagents and conditions: (a) O,N-dimethylhyroxylamine, HOBt, EDCI, N-methylmorpholine, DMF, 0 °C
?CH.;
Os N Oy _H
CHy
NHBoc " NHBoc
g T O
10 Reagents and conditions: (b) LAH, THF, -60 °C.
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6524- hydr oxyphenyl - NHC( O) CH3H. 4- hydr oxybenzyl 2- napht hyl

6534-f | uor ophenyl HHbenzyl 2- napht hyl 654phenyl HHbenzyl 2- napht hyl

6554-f | uor hydr oxybenzyl 2- napht hyl

656phenyl - ﬁp@%yégg; napht hyl met hyl 2- napht hyl The fol | ovmrﬁgnlsgmasglwoutl

of a synthetic pathway for preparing anal ogs 597-656, however, other
enbodi nents and iterations of the 3-ketopiperazine scaffold can be prepared
using nodification to this general procedure. 5 Reagents and conditions:
(a) O, N-di net hyl hyroxyl am ne, HOBt, EDCI, N-niethylnorpholine, DV, 0 C 10
Reagents and conditions: (b) LAH, THF, -60 C. 105 WD 02/ 0859 eagents and
conditions: {(c) NaBH(Ofc)3, DMF, 0 C t. 5 Reagents and c tions: (d)
C1CH2COCI, Et 3N, 2, 0Ctort.. ¢ RJ ODzFi# Reagents fand
conditions: (e) N-Bagg<am no acid, EDCSy"HOBt, DWF. RCT/ASO2+33340 106 WO

02/ 085925 PCT/ US02/ 133258”"Rea%ent s and dondi tions: P 2, rt. CO2H
5RR H, N0ORSW - I\@ N N .
o : N= '

0% ochs

Reagents and conditions; (¢) NaBH(OAc)s, DMF, 0 °C to rt.

H
f@
¥
o ¢l
5 Reagents and conditions: (d) CICH,COCI, Et;N, CH,Cl,, 0°Cto ..

Reagents and conditions: (¢) N-Boc-amino acid, EDCI, HOBt, DMF.
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N_ N O Reagents and conditions: (h) Pd-black, cyclohexene, EtOH AcCH.

reflux. 10 PREPARATI ON OF 2, 5- SUBSTI TU ED 3- KETOPI PERAZI NE | NTERVEDI ATE

107 Reagen§§o§ﬂ$ Henditions: (g) EDCl, HOBt, DMF. WO 02/0§éﬁ%§nnxuo

PCT/ US02/ 1334 ﬁe following is a procedure for preparing the

2,5-substituted 3-ketopiperazine scaffold internediate having the forml a:

HRO H5 wherein for the following exanple RO is 2-naphthyl, and R5 is

1- benzyl -1 Hi m dazol - 4-yl .

3-(1-Benzvl .| Hinzidazol - 4- vl met hvf

(70) Preparation of NHBoc NH,

[ 1- (et hoxynet hyl car ha | )p2- naph en- 2-y4 et iyl Jgar bam cid 10

tert-butyl ester (67): Boc- am nQ- 3- napht hat'enf2-yl propjlonic acid (2.0

g, 6.3 mol), O N di met hox am ne hydroc ft?ﬁgft@ 61 g, 6.6 mMmuol),

hydr oxybenzotriazole (1.12 g| 9.¥=/mvl), yand N-et hyl &aﬁollne (2 nm, 18.9
<~ N7 o

D4 mml) is slowy added.

s stirred for 2 hourg O Cthen allowed to warm

2t ure 18 hours. 15 The reaction solution is diluted

wth water and the Iting solid is collégctdgd by filtration, re-

di ssol ved in Et QAc extracted with water ried and concentrated in

vacuo to afford an oily resi ' over silica gel to

afford 2.0 g (88% of a white s&%‘#&%&g%a?gﬁdyn&?

(1-formnyl -2-napht hal en- 2-yl et hyl ) carbam c add tert- butyl ester (68): 20 To

a solution of [1-(nmethoxynethylcarbanoyl)-2- naphth 2+ yl et hyl ] carbam c
acid tert-butyl estgy, 67, (5. . 13.4 Mol ) in T 240 mL) at -30 Cto

-25 Cis added LAH 16(; nL ofsa~1M solution in THEL-ayer abo 0 m nutes
and the reaction n cooledjto -55 C and. the sti

rlng is Tt nued for
3 hours. After cooli t N’, t he reactlon i sk d by the addi tion
of citric cidin

itri acid i ano :1 by gh During gyenc
[ [ ' al about R’ 5 FE Fhe m xfury is t hen allomed to
warmto roomtenpgratire and partitionrgg between EtCA d Nater and the

tenperature i s mai
wat er phase extr dHagaln wi th Et OAc. The or gani pﬂeses are conbi ned and

<6- napht hal en-2-yl neth i oerazi n-2-one

The resulting mxtu
and stir at roomteny

5 Reagents and conditions: (g) EDCI, HOBt, DMF.

N0 A0
R\)Yo R\)\fo

;rf-—- :
!

'H H
S J

Reagents and conditions: (h) Pd-black, cyclohexene, BtOH/AcOH, reflux.

10 PREPARATION OF 2,5-SUBSTITUTED 3-KETOPIPERAZINE INTERMEDIATE
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washed with sat NaCl, dried and concentrated in vacuo to afford the crude
al dehyde as a white solid which is used without further purification. 30
Prepar at i ongygfz/0ss92s _ PCT/US02/13340
3-(1-benzyl .| Himdazol -4-yl)-2-(2-N Boc-am no- 3- napht hal en- 2-

yl propyl am no- propi onic acid nethyl ester (69): The crude al dehyde
1-fornyl - 2- napht hal en 108 WO 02/ 085925 PCTI US02/ 13340 2-yl et hyl ) carbam c
acid tert-butyl ester, is dissolved in THE (40 nL) and a sol ution of 2-
am no- 3- (1- benz

hydr ochl ori de (Zﬁ.‘ %OH)‘M%QQZPRJW %Qpr&%ﬂ%&tﬁﬁgs%ﬁ&ew gaé%Pe?@rﬁgEcggflﬂt lon is
cooled to Gn@ﬂﬁﬂ&ebﬁfm&}hﬁﬁpﬁl‘%et oxyborohydride (5.9 g, 27.8 mmwol) is added.
The suspension as stirred at 0 C and allowed 5 to warmover 2 hours to
roomtenperature then stirred 18 hours. A saturated aqueous sol ution of
sodi um bi carbonate is added until the evolution of gas stops. The sol ution

is extracted with diethyl ether, drie gncentrated to afford the crude
‘product which-is purified over S|| cajgel] to afford 4.6 g of .a yellow oil.
10 v 70 Preparation of N

3- (1-benzyl - | Hi m dazol . 4. yl met hyl ) #6- npht hal en- 2- yI met hyl -

pi perazi p- 2.,0 ; 9, 15 AH-imidaral-d.
3-(1- bengy mf{)'?t afzog?w%g e’ﬁasnp]fR( §2ﬁa@(§}gl aaﬁﬁl %o 1s31-benz i anedﬁ%o&'f' y
yl propyl am no pr op| onic acid nethyl ester, 69, (4.6 g, 8.5 mml) is
di ssolved in tg, lfﬂeH l- ' radi
allowed to sti solutron 1s concentrated
in vacuo to an oil mhlch is taken up in dlethyl et her several tines and

Concle tn_t rat edl in P(?&Hﬂio}h%f [1e(im.ttﬂxﬁﬁéth aifamygfz-ﬁar hthhuﬁmqaam]cfrbaﬁicdcnﬂhe
resulting oil is ved 1 n no or, ours
The. sol VBntle- euwm&% i %g’\ﬁfe g'“&?’?"&fﬁ %\T@ %@&"r‘é‘a dﬁ'!i gd@?d)- g’é‘? "EXAMPLE"
]2.1 I dlmethoxy-hydroxyflamme hydrochlond)e (0.61 g, 6.6 mmol), hydroxybenzotriazole (1.2 gl. 9.4 e h
Acet yl anAno 4 Qr. 0 a - vl nethy nanht ha

| en-2- vl ne‘P’HQ}PF“-%“]’S&'&‘hXW {}3‘? R%P’L 8r29 ig%éﬁty]l%"ﬁgls(%?lﬁélg‘rﬁog\?%%aévl )
nroni onam dﬁm{ﬁﬁémﬁ@r@yb-ﬁaﬂaﬂcatbndlmﬁde (1.8 g, 9.4 mmol) is slowly added. The resulting
[2-[2-(1-ben . lo2-
oxo- p per o piniee 1 e 380, oM D Wk 08 B B o KIS o

tart - butipl 'B;;tr@pho(n'pql)mon‘rbd:hltedmmqemd@:e resulting sohd is collected by ﬁltratmn, re-
3- ( 1 benzy' didsblvddTh BRVAQ and e tdabted Wi Warf; RP IdBh@htrfedth PRL MM atritl RESBZI N- 2- ONe

residue which is purified over silica gel to afford 2.0 g (88%) of a white solid.

Preparation of (1-formyl-2-naphthalen-2-ylethyl)carbamic acid tert-butyl ester (68):

20 To a solution of [1-(methoxymethylcarbamoyl)-2-naphthalen-2-ylethyl]carbamic acid zerz-butyl
ester, 67, (5.0 g, 13.4 mmol) in THF (40 mL) at -30 °C to -25 °C is added LAH (16.7 mL of a 1M
solution in THF) over about 10 minutes and the reaction is then cooled to =55 °C and the stirring
is continued for 3 hours. After cooling to -60 °C, the reaction is quenched by the addition of citric
acid in methanol (1:1 by weight). During quenching the temperature is maintained at about -45

25 °C. The mixture is then allowed to warm to room temperature and partitioned between EtOAc
and water and the water phase extracted again with EtOAc. The organic phases are combined and
washed with sat NaCl, dried and concentrated in vacuo to afford the crude aldehyde as a white
solid which is used without further purification.

30 Preparation of 3-(l-benzyl-1H-imidazol-4-yl)-2-(2-N-Boc-amino-3-naphthalén-2- -
ylpropylamino-propionic acid methyl ester (69): The crude aldehyde 1-formyl-2-naphthalen-

108



109 WO 02/ 085925 PCTI US02/ 13340 (1.63 g, 4 mol),
(R)-2-N-(tent-butoxycarbonyl)am no-3-(4-fl uorophenyl)propanoic acid (1.4 g,
4.8 mmol ), Wolysdsesybenzotriazole (0.6 g, 4.4 mol ), and beimbébylssdr phol i ne
(2.3 m, 12.0 mol) in DMF (15 nL) is cooled to O C and

1- (3-di net hyl am noopropyl )-3-ethylcarbodiimde (1.2 g, 6 mol) is slowy
added. The resulting mxture is stirred for 2 hours at 0 C then allowed 5
to warmand stir at roomtenperature another 18 hours. The reaction
solution is,djiluted wth t. [ j t OAC.

The' or gani czwlé%b?g’% a?:lgrt%% d?S?%rl’elpi&S%@%%en r(a e |E%§g\§%égr&tf g afford a
sti cky or angmine-GH(1-tenaylilEHimidzqhdryl)iprapibnisweid methyliester iydtochlpmiehé sMBGH 9: 1) to

yield 1.2 g of ' l:d j °C and sodi

4-[2-am no-?&oﬁ? Wﬂég‘@p ﬁ% d?%%é‘?%ﬁ}&ﬁ g%bﬁ%tggnczgﬂ -SI0 Illl-ulnm dazol - 4-

yl met hyl ) - 6triaeqimybrashodride (3 e yrpal)jesdded: iThe suspeion gszitered at 0°C and allowed

[ |2' [ '[2;1 ( %?bgwdrﬁiogkr:z'ﬁbﬂ%é%mﬂmt xﬁpelrat%re then stirred 18 hours. Alsatufafted fquezus slolut.ion og__ | )
yl met-hyl ) - 5- napht halen- 2-y] et hyl - 3- oxo- pi perazj.n-1-yl]-I-(4- or obenzyl) -
2- oxo- et hyl fod%mmwe? P@ﬁ?ﬁﬂ%ﬂ%&“gmw he g %“émlf@,""‘%.‘: Y(‘Lé‘hm) is

di ssol ved i Bietl cilet! @HidAEEEdnbentrited 10/aflbre te oruderFrbduanehi¢tls purifiefl ovepbitiergebne hour
the solution is concentrated in vacua and the 15 residue purified by -
reverse pha&%"j%fds“'%%gyﬁ&fvé’dto afford 25 ng of a white solid. Preparation
of 2-acetylam no-N-[2-[2-(1-benzyl-I1Himdazol-4-yl met hyl)-5-

napht hal en- 2-yhneht yl . 3- oxo- pi perazi n-1-yl]-1- (A fl uorobenzyl) - 2- oxo-et hyl ]
-3-(4- hydroxyphenyl) propi onam de (73): To a @
4-[ 2- am no- 3- (4-fl uorophenyl ) propi onyl] 20

72, (0.415 g, 0.615 mml), N-acetyl_. (0.140 g, 0.615 nmol),

1- hydr oxybenzotriazole (0.125 g, 0.922 { D and N-net hyl nor phol.ine. (0.2
m., 12.0 nmol) in DMF (4 nmL) is copfed 0 C and 1-(3- C

di met hyl ani noopr opyl ) - 3- et hyl car bodi i fi de (0.235 g,' 1.23 mml) is slowy
added. The resulting mxture is rred for 2 hours at 0 Cthen allowed to
warm and stir at roomtenperaturs _agHot her 25 18 hours. The reaction
solution is diluted with water @] the solution extracted with Et CAc. The
organi c | ayers are conbi ned, dried, conce,gtrat ed in vacuo and purified by
reverse Phase Cs prep HPLC to afford 0.22 g of a brown-white solid.
Preparation of 2-acetyl am no-N-{1-(4-fl uorobenzyl)-2-[2-(1H

i m dazol - 4-yhnet Fati -(1- -1H- -4 -6-naphthalen-2-ylmethyl-

5- napht hal en- 2- y?ﬁ@ﬁ?lﬁ?%{%&(yﬁ%&%dﬁfoi?}ﬁ;]]e-thzy-l)oio?pet hé/l l %E-al(e4-yhydr oxyphen
yl) proplon mx(-#qge,_(m): 3-(1-benzyl-1H-imidazol-4-y1)-2~(2-N-Boc-amino-3-naphthalen-2-

2- acet yl am RgsydpyladinoPrdplonidQeid ethyIdstedY59] 2268, 84 nytholEik BigdolveB imtsifhintrivadtion- 2-

15  acid/dichloromethane (1:1) (20 mL) and allowed to stir one hour at room temperature. The

solution is concentrated in vacuo to an oil which is taken up in diethyl ether several times and
concentrated in vacuo to remove all traces of trifluoroacetic acid. The resulting oil is dissolved in

ethanol (35 mL) and refluxed for 3 hours. The solvent is removed in vacuo to afford the desired

product.
20
EXAMPLE 11
2-Acetylamino-N-{1-(4-fluorobe: -2-[2-(1H-imidazol-4-ylmethyl)-S-naphthalen-2-
ylmethyl-3-oxo-piperazin-1-yl]-2-oxo-ethyl}-3-(4-hydroxypheny]) propionamide (74)
25 Preparation of [2-[2-(1-benzyl-1H-imidazol-4-ylmethyl)-S-naphthalen-2-ylmethyl-3-

oxo-piperazin-1-yl}-1-(4-fluorobenzyl)-2-oxo-ethyl] carbamic acid tert-butyl ester (71): Toa
solution of 3-(1-benzyl-1H-imidazol-4-ylmethyl)-6-naphthalen-2-ylmethyl-piperazin-2-one, 70,
LA s Co 109 T . '



yl mehtyl - 3- oxo- pi perazin-1-yl]-1-(4-fluorobenzyl)-2-oxo-ethyl]-3-(4-hydrox
phenyl) - propi onam de, 73, (0.22 g, 0.28 nmmol) is dissolved iyn] ( Y Y

et hanol / acghgaaaha (4:1) (3 ni) Cycl ohexene (3 ni L) angctd
: : : stz are
added and the solution is refluxed with periodic 110. )V\D 02/ 085{925

PCTI US02/ 13340 repl eni shnent of cycl ohexene. The reaction is nonitored by
TLC and after 2 days is cooled and “filtered through Celite to renove the
catalyst. The filtrate is concentrated in vacuo to afford an oil which is

purified by, peyeri6. P REENGER-bRbRRarkbblySarkifo-844-Mido 1fte§d'nb'ed' lobgct
Anot her as)ée'c?g’of t%g pr esgtr]ig i n’\?/%nt idyn recl’g{( ﬂ|!it oﬂhgﬁ) S mﬂf'& glgt N 2ast
two of R2, .mmoad@mxsheezomm@&@g%? Rt 18 Nperhimplglte o2l e,
receptor |iganeds dial (13Gnrt)Reobled 1310/°8 and\ - QiR laniidboPropylB-ethurtddiimider ei n R,
RO and ‘R10 are defined in.Table X I.,610 .TABLE Xl RRR g%mgeaﬂ%kvléﬁ)enzyl
6584- f | uor dpR&ngmAsBAJevpaided. -hﬂfﬁqlmﬁﬁh%ée@%rws at g
gggﬁ;c Elt ﬁr lqa Eﬁﬁmldngmydmﬁ%ma itiptbelsayts. T 2shetinatshlotioptibdivieg with
Py | 2 the Setat St R EBRE M or i iy Lok ML ARAARAY e 2 CHBbeN 2y |
concentrated in vacuo to afford a sticky orange solid which is_puriﬁed over silica gel
(BtOAc/MeOH 9:1) to yield 1.2 g of a white solid.

10 Preparation of 4-[2-amino-3-(4-fluorophenyl)propionyl]-3-(1-benzyl-1H-imidazol-4-
ylmethyl)-6-naphthalen-2-ylmethylpiperiazin-2-one (72): [2-[2-(1-benzyl-1H-imidazol-4-
ylmethyl)-S-naphthalen-Z-ylmethyl—3-oxo-piperazin-1-yl]-1-(4-ﬂuorobenzyl)-2-oxo—ethyl]

* carbamic acid tert-butyl ester, 71, (30 mg, 0.044 mmol) is dissolved in trifluoroacetic
' Acid/dichiorometha.ne (0.5 mL). After one hour the solution is concentrated in vacuo a'nsl the

15 residue purified by reverse phase C;s prep HPLC to afford 25 mg of a white solid.

Preparation of 2-acetylamino-N-[2-[2-(1-benzyl-1H. -.imidazol-4-ylmethyl)-5-
naphthalen-Z-ylmehtyl-3-oxo-piperazin-1-yl]-1-(4-fluorobenzyl)-2-oxo-ethyl]-3-(4-
hydroxyphenyl)propionamide (73): To a solution of 4-[2-amino-3-(4-fluorophenyl)propionyl]-

20 3-(1-bcnzyl-1H-imidazol-4-ylmethyl)-6-naphthalen-2-ylmethylpiperiazin-z—one, 72, (0.415 g,
0.615 mmol), N-acetyl-L-tyrosine (0.140 g, 0.615 mmol), 1-hydroxybenzotriazole (0.125 g, 0.922
mmol), and N-methylmorpholine (0.2 mL, 12.0 mmol) in DMF (4 mL) is cooled to 0 °C and 1-(3-
dimethylaminoopropyl)-3-ethylcarbodiimide (0.235 g, 1.23 mmol) is slowly added. The resulting
mixture is stirred for 2 hours at 0 °C then allowed to warm and stir at room tenaperature another

25 18 hours. The reaction solution is diluted with water and the solution extracted with EtOAc. The
organic layers are combined, dried, concentrated in vacuo and purified by reverse phase Cyg prep
HPLC to afford 0.22 g of a brown-white solid.

Preparation of 2-acetylamino-N-{1-(4-ﬂuorobenzyl)-2-[2-(1H-imidazol-4-ylmethyl)-
30 S-naphthalen-z-ylmethyl-s-oxo-piperazin-1-yl]-2-oxo-ethyl}-s-(4-hydroxyphenyl)

" propionamide (74): 2-acetylamino-N-{2-{2-(1-benzyl-1H-imidazol-4-ylmethy])-5-naphthalen-2-
ylméhtyl—S-oxo—pipcrazin—l-yl]-1-(4-ﬂuorobenzyl)-2-oxo-ethyl]~3-(4-hydroxyphenyl)-
propionamide,73, (0.22 g, 0.28 mmol) is dissolved in ethanol/acetic acid (4:1) (3 mL).
Cyclohexene (3 mL) and Pd-black are added and the solution is refluxed with periodic

L B 1'10._



6663, 4-di f | uor ophenyl - CO2CH3benzyl 6674-chl or ophenyl - CO2CH3benzyl
6684- et hyl - CO2CH3benzyl 6694- nmet hoxy- CO2CH3benzyl 111 WD 02/ 085925
PCT/ US02/ 1338 0088538 pht hyl - CO2CH3benzyl 671phenyl - CONH2bengyuso2/13340
6724-f | uor ophenyl - CONH2benzyl 6733, 4-di fl uor ophenyl - CONH2benzyl
6744- chl or ophenyl - CONH2benzyl . 6754- net hyl - CONH2benzyl
6764- met hoxy- CONH2benzyl 677napht hyl - CONH2benzyl 678phenyl - CONHCH3benzyl
6794-f | uor ophenyl - CONHCH3benzyl 6803, 4-di fl uor ophenyl - CONHCH3benzy|
6814- chl or H%l@ Z gg]ﬁt@lﬁp s cooled and
6834- met hox %ﬂ%gt\)denz F%B?r%gé%ﬁgﬁw%} enz EHREY bays
685pheny| H tweqaqh{ongh %mren@ssﬂleﬁ4lﬂ5¥o¥1ﬁ&wwpﬁzcoﬁ% steed ip praqup gy afford an oil
6873, 4-di f mmqmﬁealuyizevaﬁeFmalae/tlrgpnfebmw&&ﬁomhmﬁeﬁﬁh@fmhdﬂz napht hyl met hyl
6894- net hyl H2- napht hyl met hyl 6904- net hoxyH2- napht hyl net hyl
691napht hyl H2- napht hyl met hyl 692phenyl - CO2CH32- napht hyl net hyl

5 . Another aspect of the present . mventlon relates to analogs wherein at least two of R% R,

and R* are taken together to form a ring, for example, receptor ligands ha.vmg the formula:

RIO
wherein R, R® and R are defined in Table XIL.
10
TABLE X1

No. R R’ R"

657 phenyl H benzyl
658 4-fluorophenyl H benzyl
659 3,4-difluorophenyl H benzyl
660 4-chlorophenyl H benzyl
661 4-methyl H benzyl
662 4-methoxy H benzyl
663 naphthyl H benzyl
664 phenyl COCH; bonzyl
665 4-fluorophenyl -CO,CH; benzyl
666 3,4-difluorophenyl -CO,CH;3 benzyl
667 | 4-chlorophenyl -CO,CH; benzyl
668 4-methyl -CO,CH, benzyl
669 4-methoxy -CO,CH3; benzyl
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6934-f | uor ophenyl
6943, 4-di f| uor ophenyl
6954- chl or aph giNydseFsO2CH32- napht hyl net hyl
6974- met hoxy- CO2CH32- napht hyl net hyl
- CONH22 napht hyl et hyl
7013, 4-di f | uor ophenyl
7024- chor ophenyl

699phenyl

7034- et hyl
705napht hyl

7074-f 1 uor ophenyl -|-
7083, 4-di f | uor ophe
7094- chl or ophenyl

7104- net hyl
712napht hyl

synt heti ¢ .pat hway
ot her enbodi nents
prepared using no

- CO2CH32- napht hyl et hyl
- CO2CH32- napht hyl net hyl

6964- net hyl
698napht hyl
7004-f | uor ophenyl
- CONH22- napht hyl net hyl
-CCNHZZ-naphthyInethyI

- CO2CiggzRapisday | met hyl
- CO2CH32- napht hyl net hyl
- CONH22- napht hyl net hyl

112-Y WD 02/ 085925 PCT/ US02/ 13340

RESTEZR M e e e
GONHAH32- mhgﬁlhylnet4 yJONH, benzyl
- %NS nanﬁ}?ﬁ Y "wz benzyl
- CONHCHB zmaaphﬁhyﬁhgpwvnw7114<H§ﬂﬁoxy CONPEFB2- napht hyl et hy!|
oy [ b | O o PR O hovever
an®fSi tler at 48Ry the FBopilper ab#8 scafffol d can be
M E7at| ON 4iikmdy S OFNELEONHY 0C[edur Benza NABoC O
677 naphthyl -CONH, benzyl
678 phenyl -CONHCH; benzyl
679 4-fluorophenyl -CONHCH; benzyl
680 3,4-difluorophenyl -CONHCH, benzyl
681 4-chlorophenyl -CONHCH;, benzyl
682 | 4-methyl “CONFICH, benzy]
683 . 4-methoxy -CONHCH; benzyl
684 naphthyl -CONHCH; benzyl
685 phenyl H 2-naphthylmethyl
686 " 4-fluorophenyl H 2-naphthylmethyl
687 3,4-difluorophenyl H 2-naphthylmethy1
688 4-chlorophenyl H 2-naphthylmethyl
689 4-methyl H 2-naphthylmethyl
690 4-methoxy H 2-naphthylmethyl
691 naphthyl H 2-naphthylmethyl
692 phenyl -CO.CH; 2-naphthylmethyl
693 4-fluorophenyl -CO,CH; 2-naphthylmethyl
694 | 3,4-diflucrophenyl -CO,CH; 2-naphthylmethyl
695 4-chlorophenyl -CO.CH, 2-naphthylmethyl
696 4-methyl -CO,CH; 2-naphthylmethyl
697 4-methoxy -CO,CH, 2-naphthylmethyl
698 naphthyl -CO,CH; 2-naphthylmethyl
699 phenyl -CONH; 2-naphthylmethyl
700 4-fluorophenyl -CONH, 2-naphthylmethyl
701 3,4-difluorophenyl -CONH; 2-naphthylmethyl
702 4-chlorophenyl -CONH, 2-naphthylmethyl

{12+



NHBoc + RV "CO2H a Reagents and conditions: (a) HOBt, EDCI,

Nmet hyl nor pholine, DMP, 0 C. NHBoo R~-O NACbz b CNNO H H 10 Reagents

and condit{ 08éd3 TPA/ CH2C12, rt. H NHCbz CN NH(bz 113p¥yS3/1859925
g‘?ﬂﬁms ’ P 1

PCT/ US02/ 13340 CO2H NFMz CN N O Reagents and conditions: (c) HOBt, EDC,

N- net hyl nor pholine, DM, 0 C. e ROd O N NHCbz Ip )" ~ NHCbz 0O N O RO~H
R9, H

703 4-methyl ~CONH, 2-naphthylmethyl
704 4-methoxy -CONH, 2-naphthylmethyl
705 naphthyl -CONH, 2-naphthylmethyl
706 phenyl -CONHCH; | 2-naphthylmethyl
707 4-fluorophenyl -CONHCHj; | 2-naphthylmethyl
708 | 3.4-difluorophenyl | -CONHCH, | 2-naphthylmethyl
709 4-chlorophenyl -CONHCH; | 2-naphthylmethyl
710 4-methyl -CONHCH; | 2-naphthylmethyl
711 4-methoxy -CONHCH; | 2-naphthylmethyl
712 naphthyl -CONHCH; | 2-naphthylmethyl

The following is an outline of a synthetic pathway for preparing analogs 657-663 and
\ Lo 685-691, ho?vcvcr; other embodiments and iterations of the 3-ketopiperazine scaffold can be

prepared using modification to this general procedure,

5
NHBoce
R 0
¥
N NHBoc N
NHCbz R\)\ a NHCbz
+ COH —_—
0 N o
,k—H /lT' H
R Ny R gy
Reagents and conditions: (a) HOBt, EDCI, N-methylmorpholine, DMF, 0°C.
NHBoc NH,
R\)\(0 R\)YO
N N
E I\/\Nm:bz b E I\/\NHCM
e I
N o N (o]
lv H /l\— H
R My R My
10 Reagents and conditions: (b} TFA/CH,Cl,, 1t
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HHS5 Reagents and conditions: (b) TFA/CH2Cl12, it NHCbz cxNH RH
-------- P. -N N ( M2 NO 9 H RHReagents and conditions: (e) H2, 10%
Pd/ C;, McOHyy ﬁ 0s¥¥2s 02/ 085925 PCT/ US02/ 13340 PREPARATI ON Opcgnféhal{shdoPERAZI NE
INTERNEDIATE The followng is a procedure for preparing the 3-ketopi peazine
intermedi ate having the formula: N NHCbz V O H5 wherein for this exanple
RO is benzyl. f3-(3-0xo0-4-uhdnethvl ui aerazi n-2-vllorouyll-carbam c acid
benzyl ester (76) 10 Preparation of

(4- N- Cbz- am no- | - phenet hyl car banoyl butyl )carbam ¢ agkd téert- butyl ester
(75): A solution of phenethylam ne (12.1 g, 100

5- benzyl oxycar bonyl am no- 2-tent-but oxycar bonyl am n tanoic acid (33..6
g, 100 mmol ), hydroxybenzotriazole (16.2 g, NBoc

§)
"
N NECbz
R,)vﬂ COH | [N\ACO\/\
Q/LTH

Reagents and conditions: (c) HOBt, EDCI, N-methylmorpholine, DMF, 0 °C.

0 N
H H
R9 H R9 H
5 Reagents and conditions: (b) TFA/CH,Cl, 1t.

Hy 0 NS0
R\i(() R\)\KO

SO G Gl

o N 0

- s
Reagents and conditions: (¢) Hy, 10% Pd/C; MeOH.

14 L



120 mol ), and N-net hyl norpholine (132 nL, 120 nmol) in DMF (150 nL) is
cooled to 0 C and 1-(3-dinmethyl am noopropyl)-3-ethyl carbodiimde (24.9 g,
130 nmmol) iy #,&%zg added. The 15 resulting mxture is stipprR@od @492 hours
at 0 C then aI owed to warm and stir at roomtenperature another 2 hours.
The reaction solution is diluted with water and the resulting solid is
collected by filtration, re-dissolved in Et OAc and extracted with water,
dried and concentrated in vacuo to ~afford a residue which purified over

silica gel. 20 Prepa Q%@% butyl) carbam c
acid benzyl ester %ﬁ —am nolﬂllZ I%QJE F@% anmoyl butyl ) carbami c
acid tert-but yITlE§Q1b>ng?@ prMCPlH@fogpfeP@OOE thprﬁ'rkbt))plpmlm inteonediae hapingd® 1 of a
sol ution pgengred from2:1:0.1 parts of dichloronethane TFA and water. The
reaction mxture is stirred for 3 hours. The solvent is renoved in vacuo

and the residue treated with 1,2-dichloronmethane which is also renoved in
vacuo. This i-s repeated 25 severalutines and affords the crude rude residue

which is used for the next step.w fhout further purification. 115 WO
02/ 085925 PCT/ US02/ 13340 Pr epar atfi OWM

[ 3- (3- Oxo- 4- phenet hyl pi per azi n- 2- opyl]-carbam c acid benzyl ester
(77): A mxture of 4-am no-4-phene ylcarbannylbutyl) carbam c acid benzyl
ester, 76, (36.9 g, 100 nmol), drtrBnoet hane (12.9 nm., 4.36 mol),

pot assi um carbonate (69 g, 500 I? in DM (500 M) is stirred at 55C for
18 hours. The reaction m xture ooled to room5 tenperature, treated

with IM.KHSO4 and the resulting ution is extracted with ethyl acetate.
The crufe product is purifjed over silica (sequential'elution with

Et OQAc/ hexawbeselnfmm@tsmnlea isbepzyl.  100% Et OAc, then Et QAc with 5% MeQH) to
afford the desired product. EXANPLE 12 10
2-(3-(3-Am nonrouyl ) -4-43- (4 quoronhenyI)
- 3- carbonvl)a (3:Qxordyphenethvipiperagin-2-vhpropyll-cq
nronionic acid rret hyl ester (82) Preparatl on of

3-{1-[2-N-B
E)heilet h}?l pi pce)(r:l gﬁprgt'?ﬂ éfg‘? " ggﬁ?gﬁhﬁ%aﬁgg ‘%ﬁ%%?t"g ?gjl terﬁ’o a
sol uti on obutyBested {TB):0A sduthefmﬂra;ﬂylammmkg,rloczmyio)).p? bqnyjk}xyeabdyahmmoam d
benzyl estgr, i Zo S%O%Kﬁ]ﬂgm-mm%ﬁ %3 $3(3 %)ﬁe?oo o), hydxoxybenzomazol(e {1628

(tent-but oxy propanorc acid Q
mol ), |- 120 mmol), and N-methylmorpholine (132 mL, 120 mmo ) in DMF (150 mL) is cooled to 0 °C
and 1<(3-dimethylaminoopropyl)-3-ethylcarbodiimide (24.9 g, 130 mmol) is slowly added. The

15  resulting mixture is stirred for 2 hours at 0 °C then allowed to warm and stir at room temperature

12

another 2 hours. The reaction solution is diluted with water and the resulting solid is collected by
filtration, re-dissolved in EtOAc and extracted with water, dried and concentrated in vacuo to
afford a residue which purified over silica gel.

20 Preparation of (4-amino-4-phenetylcarbamoylbutyl) carbamic acid benzyl ester
(76): (4-N-Cbz-amino-1-phenethylcarbamoylbutyl)carbamic acid tert-butyl ester, 75, (47.0 g, 100
mmol) is dissolved in 300 ml of a solution prepared from 2:1:0.1 parts of dichloromethane TFA
and water. The reaction mixture is stirred for 3 hours. The solvent is removed in vacuo and the
residue treated with 1,2-dichloromethane which is also removed in vacuo. This is repeated

25  several times and affords the crude rude residue which is used for the next step without further
purification.
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hydr oxybenzotri azole (1.62 g, 12 nmol ), and N-nethyl norpholine (13 nL, 12
mmol) in DMV (15 nL) is cooled to O C and

1- ( 3- di met Ryd g5)dgeespr opyl ) - 3-ethyl carbodiimde (2.49 ¢, 1cPRsédiBisdh IS
slowy added. The resulting mxture is stirred for 2 hours at 0 C then
allowed to warm and stir at roomtenperature another 2 hours. The reaction
solution is diluted with water and the resulting solution extracted with
Et OAc, dried and concentrated in vacuo to afford the desired product. 25

Preparation of Pre aratlon of [3-(3-Oxo0-4 henethylplperazm-z-yl)pro 4vl]-carbami(: acid benzyl
(3-{1-[2-am no- 4-f | uor.gphenyl )ppr 0 hene

pi per azi n- 253?1(?7@'( itpre o H3miRoH-RheRety. ?%@ﬁ%/ 1‘@@(‘@-}; “F‘Wf b%%"ﬁtﬁ’ﬂﬁn of (3-{

é EZ ]Ic\ll- Boc (i g) 00 n):mol), dibromoethane (129mL 436 mmol), potassium carbonate (69 g. 500 mmoll)) o
4- uoro r.opl o en er.i zi pr opy car ba

nmc acid b Ygob?ﬁ)éf ““f§¥t%5(§%’r F*)cgg[’t‘g’l"? ﬂ&???iegi?\y acid (5 m),

and di clg okepiperatecated BitrilM KHSGJand lh&tisuiﬂng solothon it exomaeedwith ehyl aveta. hour s and

t hen conce at d in-va The.cr ct ol ved i

di chl or onme e Ry ?tl"Fé’“Bf"dla?YFr su}c&tf] M‘% “m‘f‘ ﬁ%‘i@ﬁ?%ﬁeﬁﬁ’xg‘]{ﬁ iU

bi car bonat @:1, ﬂn%aﬂOAaMnmmwmmﬂmmaﬁadmdbmeémeﬂ t he de5| red

product. Preparation of

3-[2-[2-(3-N-Cbz-am nopropyl ) - 3- oxo- 4- phenet hyl pi perazin-1-yl] - 1-

(4-f1 uor obenzyl ) - 2- oxo- et hyl car bamﬁxﬁ}l\@-ﬂ%l hydr o- | H- i soqw nol i ne- 2- car box

ylic ac tert 21363 ¥R (28 01)-3F 3tm{eﬁla iholid)3- A sol ution

of (3- {idil [ 2- an% e

pi per azi n- 2-yl } pr oiybonyBami 10 mol ),

0 101 XO-H g 3 ;A‘ 1(-
N- Boc- 1, 2, 3, 4- tetrahydrmsoq nicmam?m bgaeg-gzc aC|d (38g, 10 mol e),
hydr oxybenzotriazole (1.62 g, 12 mpl), and N nethyl norpholine (13 nl, 12
mml)|nDIVF(50rrL)|scooledt00Cand1(35 : _
" di net hyl am nopr pryhpaticn sﬁ(bMlmmd-ummodem(onﬁﬂhgxyHIﬁom])s-om-%I owy
‘added. ., The re d f y | | owed
to war n?san(?h?{eﬁ\ylpéﬁer oﬁ"f%ﬁ%@r"&?"“?ﬁ detfeﬁﬁy? esyer (Eé} 8 asqlﬁt%ngfeéqﬁl o§
sol uti on i 9-pHiedethylemiperazink-yidprenyll satlantib rid g nyil estan 7 7s G196 1gi Himmyl), (RI2-Bd wi t h
Et OAc, dri product which is
purified oggr%{éﬁg I ca B%ﬂ&%‘l ?gor@ g F%&&EB&?@WI?MQE :
(3-(1-{3- (M&Wéﬂ\@ﬁﬁ@ﬂ%(} 62g,[12 mmpl)zand Mrasthylmgratabing 04 mln &7 mpolyin DMF
(15 mL) is cooled to 0 °C and 1- (3-dlmethylam1_noopropyl)-3-ethylcarbodu.mlde (249 ¢g,13
20 mmol) is slowly added. The resulting mixture is stirred for 2 hours at 0 °C then allowed to warm

and stir at room temperature another 2 hours. The reaction solution is diluted with water.and the
resulting solution extracted with BtOAc, dried and concentrated in vacuo to afford the desired
product.

25 Preparation of (3-{1-[2-amino-3-(4-fluorophenyl)propionyl]-3-0x0-4-phenethyl-
piperazin-2-yl}propyl)-carbamic acid benzyl ester (79): A solution of (3-{1-[2-N-Boc-amino-
3-(4-fluorophenyll)propionyl]-3-oxo-4-phenethylpiperizin-2-yl } propyl)-carbamic acid benzyl
ester, 78, (6.6 g, 10 mmol), trifluoroacetic acid (5 mL), and dichloromethane (50 mL) is stirred at
room temperature for 2 hours and then concentrated in vacuo. The crude product is dissolved in

30 dichloromethane and the organic layer washed with saturated sodium bicarbonate, dried, and
concentrated in vacuo to afford the desired product. |

Preparation of 3-[2-[2-(3-N-Cbz-aminopropyl)-3-oxo-4-phenethylpiperazin-1-yll-1-
(4-fluorobenzyl)-2-oxo-ethylcarbamoyll-3,4-dihydro-1H-isoquinoline-2-carboxylic acid zert-
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car bonyl ) am no] pr opi onyl } - 3- oxo- 4- phenet hyl pi perazi n-2-yl ) propyl] carbam c
acid benzyl ester (81): A solution of

3-[2-[2-(3 nopr opyl ) - 3- oxo- 4- phenet hyl pi per azi n-

fl uor obenzy\%)(aglﬁ(i)sg%)g| et hyl car banoyl ] - 3, 4- di hydro- 1H Potfosoatsd

-i soqui nol i ne-2-carboxylic acid tent-butyl ester, 80, (8.2 g, 10 mmuol),
trifluoroacetic acid (5 nmL), and dichl oronet hane (50 m.) is stirred at
roomtenperature for 2 hours and then concentrated in vacua. The crude

Gt ur ot e SSAeT S0 ADshECt G PERRRRE PRorbly b 2 Stpr e, 07 1

the desir ecblpmnﬂba:yl}prml){@mpmpa@ld benzygfester, 79, (5.6 g, 10 mmol), N-Boc-1,2,3,4-

2-(3-(3-Am
et ahyar o B e e G )2
pht hal en- 2-mpnol), pP@)Hrﬂ@ﬂﬂan%hiOhn ml 713%‘{1‘?3 0 mLyi5|coqlecytq OoF and 1

(13- (1-{ 35 (4gifnbH mgﬁ%l)b-eaiyﬁo@ao&nﬁdél@ 49 g, 13 mmol) is slowly added. The resulting

t ety ahydr oi soqut nol i n- 3-car bon amw ro%ﬁnﬂgﬁ |
- 3- 0X0- 4- phEiBEes stTep & 2 PPHE 8.0, CHsR 8 °?t°‘ "&até%%l‘eﬁ’@ﬂ%‘}ﬁe apther? g1,
(7.2 g, 10 xmml )rhéﬁaoﬁUﬁ%ﬁiﬁdﬁﬁdllﬁtemﬁtmmhm(tﬂl@ﬁsmsﬂﬂlﬁbn%’itrkbwdmdlgenat ed in

t he presence of 10% Pd/ C at 4Q psi fo n is.filtered
to renove ¥ °cd£1°$ﬂ5i§fm° ?ﬂf“ﬁﬁé‘%é’f‘ifaé&?f%ﬁ’ﬂﬁ%l?e?rgduﬁh IE'H }?dgveﬁflh arative
HPLC using gtlinear gradient of acetonitrile in water with 0.1% TFA to
afford t e desired product. The present invention further relates to

met hods 'Por treat i ng one or nore disease states. 30 One aspect of the

present invent i dPreparhtiined [3-3-{3-(#rBudrophenpl)-2{{d A4 tetgakydi¢isnguinelin-de| ect ed from
the group c I I ] e-2

i abet o5 et byl ja‘?‘?g S oot ?3‘9%%8%??%‘1*25"“@%?‘2;’;‘3%‘2

hyper t ensi oesterd$i1 Asplatianiof é’P Z(MPWP@P@'@W'PW&PmYIP’@@PW Lil-1-Gyari an,

b::]fe gft | p{ Oﬁﬁﬁb@fzygmdxme@ﬁ@ﬁﬁamﬁ@hQﬂihydfmiséq&&blniéz—&%bkﬁid z{cid@éi-t—bdﬁyll’ sutism
i iLity,

adder di sease, restrictive,. |l ung disea |, ee nea,
gout , oéﬁeoﬁﬁvrﬁ(’q @2, 10pmoD) riflugyopestis gri(§ mb), Pﬁ?‘@%ﬁ?&t@%‘ﬁgﬁq’ﬁ) ‘%&@ol ic
di Seas? ' grc@ﬂl tﬁﬁﬁefmire féﬂi)]h(ﬁfstagd the@REentrited 8 Ohcuo. SEiedrud® proatt Isﬂlmﬂh\reﬂ img the
step of adm niste sai d .su t a_ conpo SCI | ein
above. Anot figlorg Q‘B’;&t?{é‘mﬁr@% ?sﬁ WP “HF%“&{S%%&??‘)F 5‘2 f or
treating ona)neinuammvaaibmfﬁeithew@mtcddctfromth.e group consi Stl ng of a

body wei ght di sorder, CNS depression, 5 behavior-related disorders, nenory
rel ated di sorders, cardiovascul ar function, inflammtion, sepsis, septic

shock, car di ogenPr;puhti@@f MWM@WQPY&H&%“ ﬂ%@mﬁ&hﬂh%@@rﬁﬁ'l on, erectile
?g; ;;J net ;g Mteted g gﬂﬁ&lﬁwrbd?;'yﬁsﬁﬂiﬁ?ﬁrd}?o%?ﬁ-h%@-ﬂipﬂa% DY Sua lieRAM 2N
’ propionic acxd methyl ester (82): A solution of [3-(1-{3-(4-fluorophenyl)-2-{(1,2,3,4-
tetrahydroisoquinolin-3-carbonyl)amino]propionyl }-3-oxo-4-phenethylpiperazin-2-yDpropyl]
carbamic acid benzyl ester, 81, (7.2 g, 10 mmol) is suspended in methanol (100 ml) and

25 hydrogenated in the presence of 10% Pd/C at 40 psi for 24 hours. The solution is filtered to

remove the catalyst and the crude product is purified on a preparative HPLC using a linear
gradient of acetonitrile in water with 0.1% TFA to afford the desired product.

The present invention further relates to methods for treating one or more disease states.
30 One aspect of the present invention relates to a method for treating a disorder selected from the
group consisting of insulin resistance, glucose intolerance, Type-2 diabetes mellitus, coronary
artery disease, elevated blood pressure, hypertension, dyslipidaemia, cancer (e.g., endometrial,
cervical, ovarian, breast, prostate, gallbladder, colon), menstrual irregularities, hirsutism,
infertility, gallbladder disease, restrictive lung disease, sleep apnea, gout, osteoarthritis, and
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fetal growmh, in an animal subject in need thereof, said nethod conprising
the step of admnistering to said subject a conpound as descri bed herein
above. 10 @nwopmed2scul ar enbodi ment of the present inventpenus®ensisoected to
a nmethod for controlling a body weight disorder selected fromthe group
consi sting of obesity, anorexia and cachexia. Ml anocortin Functional
Activity and Selectivity Functional activity can be eval uated using vari ous
nmet hods known in the art. Exanples of such nethods are neasurenent of
second nesgg hARAG 585 ol ik biblitth fed 8RR, shidl ot Fecfibrisitnd ey o | S

cel | systems yi efn reactio pon accunul ation of ~second nmessenger
el enents sdmws&gnmwd S@Jﬁta@@m@éﬁﬁ%@e@}“@héﬁvﬁet al. 1995 (Anal

Bi ochem 1995, 2gGmeddfkerdtine p Qéén@ﬁ‘é‘éﬁﬁ@ﬂreMeEfoQﬂJi%aé RFBda8he deehmbleues (see
Boyfield et al. 1996), or the st ud sg%? SI ol o i cal gfects caused by the

conpounds disoxdpre S?Ier{qﬂHhe #FAYP 99est flaé’ﬂ byeight ﬁ@fd?fh@’ GRiESMds of t he

Izgv $ Et | o %Eﬁl'i}%r-r&a][tedl dri]'sofdéﬁpmﬁﬁc%ry @M&M{s&d&é}k%ﬁbas&{lm%@f&h?hﬂﬁnmdnf t.peloit i des.
e conpoeunds O esen enti.on I ht.er ac rererenti a y

o e o PPt shock: coisasniahapio PyaptSleate o sttt Sy et Gt

el anocor t ldpsfﬁ@ﬁaphﬁsae atﬁphyedikdaws hsyodxsedpﬂmtnleﬁru kwityand tepyinedcintraundien t he

nunber of Jrlereea P ST sl ARG Rt R PladtelPudisd O\ C S e
sel ect i vi t yadministering torspidsniject scapbind@slddseribed hereisalome rati o of t he EC50 of
the comppund for, n%garggl %&éﬁ&%ﬁéng?f t résexjr:tgl\'?gndxpls]d Lct(%ﬂvtgﬁmuﬂ@d i%pcon%lhﬁ%

conpound for the recept or
val ues bei ngaomeagg#téw@sr sdleesed frametlle grpunqonsisting of Qhesi aagrexis @dz§§°hF’BFI ows:

MC- 3 sel ecti vi t!!cignb%ﬂﬁ@&ﬂhﬁkn{l%%m%ﬁbt MC-4 selectivity = [ ECso- MC- 1]
I [ECso-MC-4] A _conpound s defined herein as being "selective for the MC-3
receptor” when tFHectigpa peiivitgernbe pteluaied pinearios mpthods ipyminithe arty F’xa‘ﬁ‘lgesat | east

about 10, W&fcﬁ'hﬁthb&'s é&mkﬁ&%ﬁe@bﬁ%on&ﬂx@sse@&dedﬁi&l’s@s mﬂﬁﬂiﬁﬂﬂr&bl\ﬂ’ the ubed St
about 500. 118 WO 02/ 0859 C(;/ US02/ 13340 A“ﬁ”ﬁ‘g % s def Ed herei n as

bei ng " 4% deqdifird cflpsystemeyi Y IBF B HPORGrE mﬁﬁfﬂgf’ B atio
"M 4- sel e(:st1¢ﬂ/ds1bm Sgaxsdéseﬁﬁu byptien et aLA99AekidRiahény 1%5 22a39-5dhout 100, and

more  pref eéy?osex}/so&{lcrop ys1on%pe9%&hnﬁgg (se'cY%topﬁ)equetglf lddg)e oARE snﬁ?@ﬁ@s&fc&@ﬁ

effects caused by the compounds of the invention may be applied by using the compounds of the

:1

invention alone, or in combination with natural or synthetic MSH-peptides.

20 The compounds of the present invention will interact preferentially (i.e., selectively) to
MC-4 and/or MC-3, relative to the other melanocortin receptors. Selectivity is particularly
important when the compounds are administered to humans or other animals, to minimize the
number of side effects associated with their administration. MC-3/MC-4 selectivity of a
compound is defined herein as the ratio of the ECs of the compound for an MC-1 receptor

25 (“ECs-MC-1") over the ECs of the compound for the MC-3 (ECso-MC-3) / MC4 (ECsp-MC-4)
receptor, the ECsg values being measured as described above. The formulas are as follows:

MC-3 selectivity = [ECs-MC-1] / [ECs0-MC-3]

MC+4 selectivity = [ECso-MC-1] / [EC5-MC-4]

A compound is defined herein as being “selective for the MC-3 receptor” when the above
30 mentioned ratio "MC-3-selectivity” is at least about 10, preferably at least about 100, and more
preferably at least about 500.
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The present invention further relates to conpositions which conprise the
herein above described receptor |igands. For exanple the present invention
rel ates toweophmsgzaceuti cal conposition conprising: a) apcEU$easisge anount
of a compound, or one or nore of the pharnaceutically acceptable salts
thereof; and 10 b) the bal ance pharmaceutical |l y-acceptable carriers,

exci pients, and adjunct ingredients. A "safe and effective anmount” of a
conmpound according to the present invention is an amount that is effective

to interact wit '}\é Pag 15%184(16%9%; Hr%ge}]ﬂ\%ﬁn%%&?d%? ohtéxh?dc%ﬁ Cfcgmar”%en the%&féer ably

a manmal , nore dverse si

effects 15 r(s@gem:d zasio f'MS@ selegtivifyf isjat 1&%S$ ahaut 18 preferatly fileastiabeyb i eod more

comrensur atgeflhbifatdealiaBoR 6P| € benefit/risk ratio when used in the manner

of this invention. The specific "safe and effective anount” wll,

obvi ously, vary Métiods SAIIB ahdBCd: OSItlaﬁ the particular condition being
treated, _.the physical .condit atient,. .the duration,of treatnent,

. ‘the.natuPe of comtBFERHRY H‘%ﬂé&'ﬂé}” Ags t°a"r‘?§‘}’°s“l°ﬁ%w}§ﬁlb??ﬂpfl&° “h?)lé"’ SRPP%.m to be

used, the eesdripedrtdeptoripdandsed, - t he sol ubi I|ty of the 20 For rrul a (I) conpound

t herein, and the, dosage regee %s ggl; the ¢ ga:goos | ti sadplitionto

t he subj ect conpSUHE (o] S a i o e} od atgrtf%rmg ﬁ fufpﬁfll ESht ai n

one or nore pharajrac e at effeztiveanmontepa ednipeumdxmope_ amae of'ﬂmphhmammcauy
"pharmaceutical | y-ac nt", as used herein, neans one or nore

conpatibl e solid or ?&Q é&tsg%{ébfg%ntgs whi ch are suitable for

adm ni st!Pation t an ﬂ&rbﬂhmephmeéﬁlm §cceptabigeAmiers, eneipientpaed djuagsl v a human.

The 25 term "conpati l;}Jg@edmn@s used herein, nmeans that the conponents of the

conposition are capabl bei ng commi ngl ed W|th t he. subj ect cqonpound, and

with each other A Sﬁeémﬁﬁﬁ?f'é‘t"e §’E}8‘H“ ofrcompend apcordipg;to; q"P(EFg&E‘thYﬁ‘}“WFCh woul d

S ugst anti al dnYanioQﬁkLt?ﬁ id éffecgﬁacb RARErBdY With aie M- laﬁ?cHSrj):’Mng &mt@qmtﬁnmpn u nder
ordi nary use uati ons ar ccepta exci pi ent.s
Cour oo o etk A PO Rl P B RoG, Pha Sbr ORI ) Lo
render tipengsedhiak vdxicayfmtamnbmtgwespmasco Qoﬁ&eﬁslnfateamtmke,asmm erably a
mammal , nore f er abl be| n eat e i € st ances
whi ch can s&P f‘ﬁ@‘%‘ﬁéﬁ%ﬁ&%" ' %@& ﬁ’ﬁﬁngo%aﬂfﬁp%cﬁ satse anJ of? 5onent s

t her eof ar eansangeirvgll, ®uiphs1wat3awiﬂmsxeh fagtotmsle mrtutubummwp bsmatrcﬂn@sthesuch as
corn star t -
sodi um car b@')?y Egt E&Pt%cﬁf%%a%gght tﬁghlh&}og ?"mla%dst etﬁe ﬁiﬁﬁ Y’?E Fémeﬁlmﬁyose
powder ed t r@@@&h#ﬁ?cciﬁﬂ QosaggéP@! forpe “Ffél @e exgiignd emalquc Hﬁtsg ublht}’ of the

20 Formula (I) compound therein, and the dosage regimen desired for the composition.

In addition to the subject compound, the compositions of the subject invention contain
one or more pharmaceutically-acceptable excipients. The term “pharmaceutically-acceptable
excipient”, as used herein, means one or more compatible solid or liquid ingredients which are
suitable for administration to an animal, preferably a mammal, more preferably a human. The

25 term “compatible”, as used herein, means that the components of the composition are capable of
being commingled with the subject compound, and with each other, in a manner such that there is
no interaction which would substantially reduce the pharmaceutical efficacy of the composition
under ordinary use situations. Pharmaceutically-acceptable excipients must, of course, be of
sufficiently high purity and sufficiently low toxicity to render them suitable for administration to

30 the animal, preferably a mammal, more preferably a human being treated.

Some examples of substances which can serve as pharmaceutically-acceptable excipients
or components thereof are sugars, such as lactose, glucose and sucrose; starches, such as corn
starch and potato starch; cellulose and its derivatives, such as sodium carboxymethyl cellulose,
ethyl cellulose, and methyl cellulosc, powdered tragacanth; malt; gelatm talc; solid lubricants,
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119 WD 02/ 085925 PCT/ US02/ 13340 such as stearic acid and magnesi um
stearate; vegetable oils, such as peanut oil, cottonseed oil, sesane oil,
olive oil, wara/oessks and oil of theobroma; polyols such as gumageb/esss gl ycol ,
glycerin, sorbitol, mannitol, and polyethyl ene glycol; agar; alginic acid;
wetting agents and |ubricants, such as sodiumlauryl sulfate; coloring
agents; flavoring agents; tableting agents, stabilizers; antioxidants;
preservatives; pyrogen-free water; isotonic saline; and buffers, such as
phosphat e, s&mys&%&&m@@&s@%ﬁns@ﬂe, %E'ta%feoﬁg SM%muﬁ'&mnkaéaaﬁcept abl e
exci pients to be used I n conjunction w bj ect conmpound is

basi cal | y desastefilngiye i) comeil ard ok of hepbspms npliols §‘°h6‘H§@Y§H?ﬂlﬁ‘i°blgb’F% 1f the
subj ect conpesifdd mafnifoR aﬁlﬁpoly@&ﬁ@ﬁe%@coﬁ ), Iafgﬁxicfh'&fdeﬂettmg agents and lubncants, such
pharmaceutical ly-acc bl e excip Is sterile 10 water si ol ogi cal
saline, or %ﬁsszéwi@rf cﬂ°1°“PWé°?}F'I%6Y°rWﬁ PEeRtsHakletigg éﬁeé"rsa"&bygﬁéen adj ust ed
to aboug 4mhemmtshpxesep»hasreﬁr@9ﬁgsmmIwateuﬁs‘o&ﬁnc s@line QAP Biffelt), uch kphEHME)g agent
‘may al so- be deS| rable. In particular, pharmaceutically-acceptable - :
exci pi ents W&"é‘?ﬁc adm ni stration include sugars, starches, cellul ose
and its der| vat |'l71&$hoxcmdfphangah1atcmy-acte@table exdpients i bsusbd ﬁtcanjuncthCWﬂStbe
vegetable o S cetate
and citrat eéu%f%b %%glg&ﬂs %u@%%?"gﬂls&/@ tﬁ? ngr &ngjo'fno rllsqg bgg "ngrw Ifthg
pyr ogen-f r esibjesitcempound isftebe injected b pneﬁerrpéphaimceqyaaﬂem@ptalble ez@mem is stprds i on

| ncl ude qgr og tlﬁ:eﬂfyseiog,@ﬂ lsalin€ oD xnfdd s @R, tli%)ﬁi—fd?'xdhﬁi?ﬂ% re%rgﬁ?wen adj@iid i esame

oil. Prefer ar neceut | cal | y-accept abl e I n"conposi tions

for parent ehoaH H&rﬁhﬂ@@wﬂumﬂ b%ﬁﬁﬁ?@@gblaﬁusmé@e agfa@w asods Bpirells ght  of

the total conpost aﬁmulaF ﬁ‘arﬁxm@c%ll Jaeueﬁtasnfe ekdipisntd ﬁv@gatehﬁ@ams@maer abl'y
provided in_unit dosa orm 0 used, herein, unit osa‘%gaform' s a

conposi t i onitGlude FHears; %*ﬁf'lcﬁlllf‘l?,sﬁﬁf“hi‘h‘ilﬁﬁ'da%‘ﬁs'%‘u&ﬁla‘ﬁ'f talc, caley %1
conpound. t hRttotesvegethblabilsesynthetioei s p‘dly’ﬁdldf algimdadid) pﬁcﬁpﬁdﬂa AEstate mdeiitwabl y a

Gooa. e dbonpuli SUSEER PR BRREIER pod e ReRraP by Bl S about 1
ng to about fo?!{)ﬁ)remtg:al admimistratior inelud & prppylemenglydol wthyBolea, pm@lmou&. et@olig, still
Corpound. - patsbsssle o, 2ok, ekl Blthuy ghopile Mipiclh Gl BBR L) |
MC- 3 r ecept parenteraladministeation, comprésas atdenstdbout 304 lat\egght of thia ¢otelsempdsitione
l'igands describeg Jl%g‘fab{;ndn@ oﬁ@lsh{?&ﬁué&) E{e?&&mi‘gpviﬁmghhﬁ( d6eagk f&.ﬂ?hs body

wei ght di sorders, 1n exa anorexia and cachexi a
20 used herein, a “unit dosage form” is a composmon of this invention containing an amount of

a Formula () compound that is suitable for administration to an animal, preferably a

mammal, more preferably a human subject, in a single dose, according to good medical prac-

tice. These compositions preferably contain from about 1 mg to about 750 mg, more

preferably from about 3 mg to about 500 mg, still more preferably from about 5 mg to about
25 300 mg, of a Formula (T) compound.

Based on their ability to agonize or antagonize the MC-4 and/or MC-3 receptor, the
present invention also relates to the use of the ligands described herein in methods for treating
obesity and other body weight disorders, including, for example, anorexia and cachexia. The
compounds may also be used in methods for treating disorders that result from body weight

30 disorders, including but not limited to insulin resistance, glucose intolerance, Type-2 diabetes
| mellitus, coronary artery disease, elevated blood pressure, hypertension, dyslipidaemia, cancer
(e.g., endometrial, cervical, ovarian, breast, prostate, gallbladder, colon), menstrual irregularities,
hirsutism, infertility, gallbladder disease, restrictive lung disease, sleep apnea, gout, osteoarthritis,
and thromboembolic disease. The invention further relates to the treatment of disorders relating
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conpounds may al so be used in nethods for treating disorders that result
from body weight 30 disorders, including but not limted to insulin

resi st ancewo@hig9se i ntol erance, Type-2 diabetes nmellitusgrGRERNAFY artery
di sease, el evated bl ood pressure, hypertension, dyslipidaem a, cancer
(e.g., endonetrial, cervical, ovarian, breast, prostate, gall bl adder,
colon), nenstrual irregularities, hirsutism infertility, gall bl adder

di sease, restrictive |lung disease, sleep apnea, gout, osteoarthritis, and
t hr omboe L c. di sea nventi o her relates to the. treatnment of
di sor der g%(r% lfaﬁim’r%em ?P’ébu Cb%ﬁémgm&gﬁ”ﬁ“ %’2? hlngfznrlh) : Sen 1|s’or menory

(i ncl udi neprdiegenin amifiypoviami¢ shecks searbied dysfunpticni penile ¢rcnhb1am1¢ @Smphysaqy@i S,

car di ogen dysfunction, penile erection,
nmuscl e at %gwﬁq?d%%gmagt%&fﬂﬁﬁﬂ} gifo&;tyrhkl ntrauterine fetal growh, and
the |ike. The Theterms treating prigreatmgntiareaisedrherein ta mean halcat h SHRIMAN 0 mean that, at

a mni %“”Ldnﬁm%ﬁbﬂ‘éﬁtcbébdnﬂﬂ oPthe freSATRRANRA nSlﬁga’iéQ% dﬁéﬁ&%‘factln Vﬁftﬁe'l\@@- _
mtlgatesa ISOI’ _ﬁ/actln via the M MC-4 réceptor, Thus, the

terns inchedd mceoteht the ‘%ﬂ’%é‘ﬁ@éﬂ %%P%mSPéﬁ?aé%%? ﬁ%@cquﬁm&m franmal |
Earticgl aﬁzhtﬁm%ﬂﬁihcgﬁﬂ mm%émhﬁmntﬁh ; PR b du ﬂir‘]-gq.lgk!c{léeﬂﬁ , bbmis dbtsease, ?u:h
as not yet een di agposed w e di seas nhi bitin ession o e
di sease sPeh diagnosrd Hi g gty H‘ﬁnwog’?sé’\?%f’épﬁéiseﬁﬁéta&ﬁ %‘glé‘géﬁ) g‘f“é’fgem 10 The

i nventi Onreﬁﬁﬁﬁ@mﬂdﬁ&amté herefore be fornulated into pharnmaceuti cal

corrpos tions t phyl axi f ons

St and % phar rré t rca nlc0 Bgun % rT? n"{;‘))re‘[t%fl AN "gtgsdtgplgmgc @ﬁﬁ cgrgé;bgiu&'xs

di scl osedfdr nsefRemeatrognder prophlilaxisrafhase ¢onditionsc sm&phmwuc@mmmnng Corrpany,
caston. Nfpeinidy8d £ e Qe 2 hodkoRRl Rl [PREADDaBichl ey Vr cel

Dekker, e conpositions Is IThvention may be in any of a
var i ety oPulﬂJeimsConmm-@mt@,?m datest editigmand Pepride angrPapteinDrug Relivery:dfarech| | nasal |
ocul ar, {b@lﬂé{jw pul nonary or parenteral- = adm nistration. Dependl ng
upon the partlcul ar route of administration desired, a variety of

phar matfeut i cal The compeitians of thisiayention may hein any ebaweriety ofifermy sc“‘tﬁ%l?(fﬁre used.

Thefse | NClxiifple) $6 drdl, 1REtal, (tjdibwaﬂ nishl, lbaitlas, trﬂtdcﬁﬂl‘tp&limohw bpﬁireutwﬂ, |
surtace-acti ve a n enc Sul.a n S nce I ona

Phar mceu YRR e PSR R R e A AR Bt e RORD of

subst ant i ghdripadentieilyareptabletextitients whil-ndvar i thecdri may ye wed.t Hesdoelndd a (1)
conpound. S(}igae r brs°£,1,1%§§ 1BJ Pg%ﬂé@eﬂnwa&w HAGhL SR N the Formula

(1) corrpoun 'S su [ en
substances. Optional pharmaceutlcally -active materials may be included, which do not

substantially interfere with the inhibitory activity of the Formula (I) compound. The amount
of excipient employed in conjunction with the Formula (I) compound is sufficient to provide
a practical quantity of material for administration per unit dose of the compound.
Techniques and compositions for making dosage forms useful in the methods of this

25 invention are described in the following references, all incorporated by reference herein:
Modern Pharmaceutics, Chapters 9 and 10 (Banker & Rhodes, editors, 1979); Lieberman et
al., Pharmaceutical Dosage Forms: Tablets (1981); and Ansel, Introduction to

. Pharmaceutical Dosage Forms 2d Edition (1976).
Various oral dosage forms can be used, including such solid forms as tablets,

30 capsules, granules and bulk powders. These oral forms comprise a safe and effective
amount, usually at least about 5%, and preferably from about 25% to about 50%, of the
Formula (I) compound. Tablets can be compressed, tablet triturates, enteric-coated, sugar-
coated, film-coated, or multiple-compressed, containing suitable binders, lubricants,

diluents, disintegrating agents, coloring agents, flavoring agents, flow-inducing agents, and
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a practical quantity of material for admnistration per unit dose of the
conpound. Techni ques and conpositions for maki ng dosage forns useful in the
met hods of wWdhSosdasi nvention are described in the foll ow perishasapces, all
i ncorporated by reference herein: Mdern Pharmaceutics, Chapters 9 and 10
(Banker & Rhodes, editors, 1979); Lieberman et al., Pharmaceutical Dosage
Forns: Tablets (1981); and Ansel, Introduction to Pharmaceutical Dosage
Forms 2d Edition (1976). Various oral dosage forms can be used, including
such solid orms s t.ahl et S es and. bul k povvders These
oral for mBCHEAe Iéq‘g p@?gmageefp P?Lf\‘fg aq‘é‘%ﬂﬁ#‘““’ﬂ%ﬁ&*"i It | east about
5% and prses‘peﬁ@dmls,ysofunmnaaﬂiouiusﬂﬁ%ﬁne@iﬂﬂhﬁtecﬁﬁ%a noﬁ-etthescEmrgmnhhs (ahg
conpound. Jf n coat ed,
cugar - costeqespTofibladf RN AT Pon AR Glert HbUIEF bR BTNAREE SO 0

bi nders, Isolyents @rese yatives, bmhtfﬂng @Besﬂsmuagnang sggntagdihients, sowskiondrn gueltipent s,

flavoridgg , & lgé t and 121 WO 02/ 085925 PCT/ US02/ 13340
mel ti ngyag g,?p aﬁ? u{‘?\d"\‘i gl?or ms i ncl ude aqueous sol utions,

osa ’
enul si ons, su§|bept@mﬁ@mc%1ae&epfeﬁge@@@ﬂ@ﬂlt@lfsfp@h@vrmt%emtdpma ed from
non-ef fer \f&%@&tpe@faﬁmﬁmnm wal @b Seeat Ml&@%ﬁﬁll% figconsti t ut ed

fromeffervescent granul es, containing suitable solvents, preservatives,
emul si fyi FERvABtiARRlPbarmaceptically- ?Pgnpafg‘%mdgmw 35 dpcH diuenisyfueh a5 faleium caboRateny 5
agents, CGQbdifir BgbRES, ﬁﬁa%m&ill,dacfdsﬁmrcbm@s@@ﬁlﬂérssucﬂ_ﬁbﬂstarch gelatin,

phar ITB.CEUtI al | tapl e ex Il ent suitabl Qr, t reparati on of unit

Foengot0 f Py AR ] ot APBFT S S ar e Lt A PR, Tabl et s

typical | y lmﬁi&ms sueh asmamnmlsmade sphmram(aemralccshagmscswmtsihbbrﬁh@nﬁeumnt s as

inert dilye such dj nni t ol ,

| act ose alr{fa el It? pﬁoé'% 3%&%5%{? gmgﬁglﬂ%}g@é%%tﬁg t& Q&{Egﬁcﬁmtﬁ{@

Jpol ﬁVI nyl @&Q)dyed@m@eamdM@Pmmedwwegmma&ome@tﬁnasswh esragpirtamd. gi ni ¢

acid and r C ful BEINES: “stearic
acid and %%ﬁ%dw"éﬁﬁg gljtljfglﬂ dggﬁ‘sl{t Tcgnﬁaﬁ%m de ca%“%%%@ggbgg I mprave

f1 ow chr feapalds sipically compriseOngenRRSY solid dilugntadisainsedabovry Thgsslection efuch as t he

FD&C dyes wx&ﬁi@ntl%@mﬁ)qm.e{:éiﬁs APRERARANERsideNRES 188 s, Rarddl sBMOdbGy, agent s,
such as aspartane, | ! saccharin, nenthol, peppermnt, and fruit flavors

are usef uIW‘aﬁ&Wh?’élc?lé‘?‘ therpurRatss &f thesypiggt dnveritipn, apd can b aadily made W By conpri se

one or norRrsePikiikd ditharent s di scl osed above. The sel ection of

Peroral compositions also include liqnid solutions, emulsions, suspensions, and the like.
20 The pharmaceutically-acceptable excipients suitable for preparation of such compositions are well
known in the art. Typical components of excipients for syrups, elixirs, emulsions and suspensions
include ethanol, glycerol, propylene glycol, polyethylene glycol, liquid sucrose, sorbitol and

water. PFor a suspension, typical suspending agents include methyl cellulose, sodium

carboxymethy] cellulose, Avicel® RC-591, tragacanth and sodium alginate; typical wetting
25 agents include lecithin and polysorbate 80; and typical preservatives include methyl paraben,
propyl paraben and sodium benzoate. Peroral liquid compositions may also contain one or more
components such as sweeteners, flavoring agents and colorants disclosed above.
Such conipositions may also be coated by conventional methods, typically with pH or
time-dependent coatings, such that the subject compound is released in the gastrointestinal tract in
30 the vicinity of the desired topical application, or at various times to extend the desired action.
Such dosage forms typically include, but are not limited to, one or more of cellulose acetate
phthalate, polyvinylacetate phthalate, hydroxypropy! methyl cellulose phthalate, ethyl cellulose,

Budragit® coatings, waxes and shellac.
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exci pi ent conponents depends on secondary considerations |ike taste, cost,

and shelf stability, which are not critical for the purposes of the

subj ect i nyapbiigage2sand can be readily nmade by a person sgdtu€3/1833et he art.

Peroral conpositions also include liquid solutions, enulsions, suspensions,

and the like. 20 The pharmaceutical |l y-acceptabl e excipients suitable for

preparation of such conpositions are well known in the art. Typi cal

conponent s of excipients for syrups eIixirs enulsions and suspensi ons

i ncl ude et hanol I r ol IO ene gl ve | hyl.ene_ql |qU|d

sucrose, sor bi tgF‘gg\%’ °°\N§’P%@d“%hr pées%nu%lee 8| onP %agf%naa eéﬁgm%’ |ng&agents

i ncl ude r‘ret)f]gdminisﬁ'altimh mgapntsddmmre&ea’olyomvmohylhjewn) mlnwbadMustmeﬁr( rn)

RC- 591, ﬁ%% gos§ %&"ﬁeﬁh@ lﬂ'gttd%se bR Rle ATy agr? G S i ncl ude
yso :

l ecithin an ate typi cal preservatives i ncl e met hyl
par aben, ppmwingpapfabwf@ﬁde suenntehafiensink compmad o Wapn 4deH$t€¥°fborrp05| tions

may al sg ¢ QEEEMIP ne uﬁift déEQ f#m v@lﬂ%ﬂ@aﬂl@ f&&zﬁprfsbi &Bm aBou$ Y\%E@dlﬁﬁt% 2 fnl:r’tV oring
agent s ‘and col orants di scl osed

Such. cghpositio é’ al so be coat ed
by convent itirally fep W&lo’f‘@ﬁab‘é‘ﬂ%mhFW%ladpm‘PP%d G-E?P@ﬁlli AERUBLP ngs,
such that {cbRpsuddhdsihiseRIWILIREent Sfoxfeﬁhﬁ:a@ eflité ﬁlamaafma@tﬁsr@mmesmual tract in

30 the vicinity of the desired topical licat at _various, tinmes to
extend the r?fé%‘%’r%‘&”%f’é’t‘ﬁéﬁ“’"%cﬂe ”“““ %1“&9%?%88?1 ‘%‘i‘g'f CBE™ are not

limted toetcone or nore of cellul ose acet at e pht hal at e, pol yvi nyl acet ate

ht hal at e, hydr ro th l.ul ose al a ul ose,
ICI%udragi icfr) %:loa;a(’ﬁlg 1 %esesgrl%msnﬁ%a 8§y ”3&3"’6@?“0‘&@‘&5% IS%%{'JSOZ/ 13340
Because the con@ﬂnmdmn[mm@dwseﬁﬂé?smmnmﬁﬂmpMvab'@fthepxbjedﬂ@mbwmdature, a
preferred %ﬂ ﬁ'b§Jc£.l%B a gf'n% Rdh&s FJsﬁilongt%lEa%K tﬁﬁrﬁE @L@o\‘more _

|ntravenous |nject| or nasa m ni strat ormof a unit dose
form Pref of sadeblafiller subesancessaplves sycrrse. @@fblt% Axhesanitelaad hindrre ki dsiaeasia,

~‘conpri sing ﬁcéayﬁaxﬂnemﬁés%%&@maﬁmeﬂmma@ Hy@oXRPkcd m&@mmma W‘e”

1
adm ni stered 5 parenterally, the unit dose formvml?’ @ll rise
from ab®ut dﬁ’ﬁs tl‘B’nﬁ‘B&?u%W"S‘e’&“' ?P&ﬂ‘%"s' ipxidantsiapd f"?"&ﬂ’i‘%?@ ng“ out 1
g, of the Raominglu@dd conpound, although the anpunt of corrpound

4

adm nistered will depend, for exanple, on its relative affinity for the
MC- 4/ MC- 3 receMMs selectivity over other receptors,

i nc! uding the ot %r'idlcm:f‘éda ? q'%:%g F F of ?h‘iieﬂgeg&xﬁn ﬁan%tegdmgnqjst&?mgﬁhlw d@ns of the

SUbJeCt |nvent|0n
systemlcally Systemlc applxcanon mcludes any method of mtroducmg a Formula (T)

20 compound into the tissues of the body, e.g., intra-articular, intrathecal, epidural,
intramuscular, transdermal, intravenous, intraperitoneal, subcutaneous, sublingual, rectal,
nasal, pulmonary, and oral administration. The Formula (I) compounds of the present
invention are preferably administered systemically, more preferably parenterally and most
preferably via intravenous injection.

25 The specific dosage of compound to be administered, as well as the duration of
treatment, and whether the treatment is topical or systemic are interdependent. The dosage
and treatment regimen will also depend upon such factors as the specific Formula (T)
compound used, the treatment indication, the personal attributes of the subject (such as
weight), compliance with the treatment regimen, and the presence and severity of any side

30 effects of the treatment.

Typically, for 2 human adult weighing approximately 70 kilograms, from about 1 mg
to about 6 g, more typically from about 100 mg to about 3 g, of Formula (I) compound are

administered per day for systemic administration. It is understood that these dosage ranges
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O her conpositions useful for attaining systemc delivery of the subject
conpounds include sublingual and buccal dosage fornms. Such conpositions
typical ly Gogpissesone or nore of soluble filler substangggy§sdilzms
sucrose, so bitol and mannitol; and binders such as acaci a,

m crocrystal line cellul ose, carboxynethyl cellul ose and hydroxypropyl

nmet hyl cellul ose. 15 didants, lubricants, sweeteners, colorants,
antioxidants and flavoring agents disclosed above may al so be included.
Met hods of Admi nistration:, As .i ndi.cated, ,conpositions of .this invention can
be adni ni sFePRyt el 9“5@%%9@&8@%@%%@&?@ %{b‘{)‘ilqpﬁ%ﬁ“}gcﬂ? Bhel udes
any met hodfaqbrsilisted atsbvei ng a Formula (1) 20 corrpound into the tissues of
t he body, e.g. ra-articu ntratheca dur al cul ar,
{ransder mal | raisation ofafkeh i P RS DloR HiBerel SiRTHBE
rectal, rramsabe stxile. nﬁmranqmmdn @specially kuwnms) i(ssursing mappfdvmmﬁa bodyl vamghl)af
conpoungds : r.es6 r

syst o Bal TeiopipE) G dop SPkL Ak Bobf it B ABAGDUR B4 BRRERE |, |

i ntravenous i njﬁepncfequ m2thod obsystomin adminisduati enyie infavensmpdalivarys @%‘édual

admi ni st er gdeg o@ﬁoﬁbbutm%gqe%ﬁu@ido% bterably S3EBO 0.1 1o WAIRH 100kmglaRS

treatnent 1's topi or_ s m c_are 1 nterdéependent. The dosage and
t r eat nent prefgqrmommgthw@dmfgﬁém%pon such factors as the specific

Formula (1) caoppPstike féﬁ:@@ng,bh@misé %tceawunasruﬂwéawemn chil® aB@IRRRA
attributes of the subj ec‘i‘ gsuc 1}) %P gce wi th the treatnent

regi men? aHencOREs HxwEs pGth ﬁﬂn@é‘{}%"rsﬂai’/‘" é?f§)‘ GBS Preapimiens§ as; e
treatment.ap wpmaﬂofmemﬂmuoa human adul t wei ghi ng apprOX| mately 70

kil ogr ans, abot 1 ot | [ 100
Ko ohour™s g o BeprnR tos hiepfnS o efheregl B béRRES G G B BPRME 100 O
sy/sg ggg(Z:Sadsuiwhlesdrugadeﬂxwy syistemi. Hrugridbvest s)dnstdnaWeltlheweudbsagéor acnrgais,a 123 WO
02

admi ni str a&"‘%‘# ggﬁ %éﬁqég E'ff f(8¥h5e e%ogI‘dS%}(&gB{ n&ﬂ#&ﬁn %}? glefcl %ﬁ ove.

is knowd athelcqmpautdite edacnvr- mﬂecu&rcapablabfb rmmpatqdahrgum@rblqm@rh@caqm

adm ni st ra%t%ébkgay%v bﬁhﬁ»ﬂeum Rf%hnwmﬁl 5. 1@391%6 abésg hugesg (assuning

an appr oxi ody "wel ght 70 Ki rans) individual doses of from
about 0. O0axample censtifpiss the gq)\gln;ﬁj)f gqeéowdé% thednvention to fragments of insulin to

achieve transport across the blood brain barrier (Fukuta, M., et al. Pharmaceutical Res., Vol. 11,
pp. 1681-1688 (1994)). For general reviews of technologies for drug delivery suitable for the

20 compounds of the invention see Zlokovic, B.V., Pharmaceutical Res., Vol. 12, pp. 1395-1406
(1995) and Pardridge, WM, Pharmacol. Toxicol., Vol. 71, pp. 3-10 (1992).
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A preferred nmethod of systemc adm nistration is intravenous delivery.

I ndi vi dual doses of fromabout 0.01 ng to about 100 ng, preferably from
about 0.1 Rgphhssagut 100 ng are preferred when using thpsrigdasRh
delivery. In all of the foregoing, of course, the conpounds 0 h

i nvention can be adm nistered 10 alone or as m xtures, and the
conpositions may further include additional drugs or excipients as
appropriate for the indication. The conpound of the invention can be

del i vered t}g r.ef fd site in the body by using a suitable drug
delivery s‘ﬁ'ﬁﬁ C%A@&Eﬁ ivery systens are well known in the art. For
exanpl e, a drug deI|very techni que useful .for the conpounds of the pr esent
invention js t i 15 the ound t an ive

capabl o of bei 1ty T baRe i pdthaens s SR Herk S pitmpbedliealy

Zl okovic, B.V. ac&pabhadﬂﬂmreoﬁlbmﬂmamdhavmglhefoﬂnihla pp. 1395 1406 (1995)). A
specific exanple constitutes the coupligg of the conpound of the invention
"“to fragments of insulin to achieve tradsport across the bleod brain-
barrier (Fukuta, M, et al. Pharmaceutfical\ Res., Vol. 11, pp. 1681-1688
(1994)). For general reviews of technd og| es for drug dellvery suitable for
the 20 conpounds of the invention see okovic, B.V., Pharmaceutical Res.,
Vol . 12, pp. 1395-1406 (1995) and Pardrd dge, WV Phar macol . Toxi col . , Vol .
71, pp. 3-10 ( 19RRAn A $oMOmORLABH BGPTSR $BA0 FVIAT drsip GhrdlshgD | S 1.
A corrpound including all enationeric and diasterioneric fornms and

phar maceuti cal I‘Ef acceptabl e salts thereof, said conmpound having the

formul a: w whergin /hoh-ﬁroﬂ:amaﬂﬁfymﬁimg&al ly restricted ring system sel ected
fromthe group ,consi stl A h non aromatic carbocyclic rings; b)
aromatic carbocYcli & g%” ¥° *UHSh- ar omati ¢ heter ocyclic. rings; d)
aromati c heteragycl |mnﬂomg®het¢mycemnng§al d rings, conpri ses from5 to, 8 '

atons; Wis a ﬁend%uph&erg@yﬂcqﬁgg he for mul a:

wherein said rings comprises from 5 to 8 atoms,

W is a pendant unit having the formula:

L

wherein R is selected from the group consisting of:

a) non-aromatic carbocyclic rings;
b) aromatic carbocyelic rings;
c) non-aromatic heterocyclic rings;
d) aromatic heterocyclic rings;

said rings comprising from 3 to 12 atoms;

1 is selected from the group consisting of:

i) -[C(R")d)x-; wherein each R” is independently hydrogen, C;-C;; linear or
branched alkyl, -SUB, two R" units can be taken together with an oxygen atom to
form 2 carbonyl unit, two R" units from any J units or an R” unit and an R’ unit
from a T unit can be taken together to form a carbocyclic or heterocyclic fused
ring, bicyclo ring, or spiroannulated ring comprising from 3 to 7 atoms; the index
d has the value of 1 or 2; the index k has the value of 1 or 2;

W Ny
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wherein Ris selected fromthe group consisting of: a) non-aromatic
carbocyclic rings; b) aromatic carbocyclic rings; ¢) non-aromatic
het er ocycl i i <« d) aromatic heterocyclic rings; saidpp rising
from3 to fgogjt/@?f%;s J is selected fromthe group consi stlpgyﬁg@ﬁ?{dp
-[C(R')d]r-; wherein each R' is independently hydrogen, Cl1-Cl2 |inear or
branched al kyl, -SUB, two R'" units can be taken together with an oxygen
atomto forma carbonyl unit, two R'" units fromany | units or an R'" unit
and an R unit ,fro , T uni.t_gc be taken,together f orm.a_carbocyclic
or heterocycl i diit uselR-+¥hrgin Rilg 8¥°§e"r’gi’i§?h‘19ﬂgq§§3fa?’ﬂlﬁﬁs1 l’a‘i’é(ﬁﬁ}siuﬂ‘é
conprising fronvg toO#4 atons; the index d has the value of 1 or 2; the

i ndex k has the,valug of 1 or 2; 125 WD 02/085925 PCT/US02/ 13340 ii) -NR -;
wherein R is h‘9drog’§h, Cl1-C6 linear or branched alkyl, or a SUB unit; iv)
-0-;  v) -S-; wi) -RP@)-oreP(MF(0)2-; vii) and m xtures thereof; L is a
linking unit; B.conpri,s [ {. selected fromthe group consisting of: a)
hydrogen; 'b) su 3t | taaflén?g%ﬁ%éoﬁ’bsti‘t-ut ed aromatic carbocyclic rings;-c)
substituted or luisediokmgunited aromati c heterocyclic rings; and d) mxtures
thereof; Y is appGRARa ddfdisdlectaMaMmited fbhp@bnsisBRSSs: ONe heteroatom Zis a
pendant unit, which conprises an aromatic carbocyclic ring. 2. A conpound
according to Cl&i m KYie¥%in A i's a conformationally restricted ring system

sel ected from tfe OrsabyEingeAts issibsti@ited hromatic carbocyclic rings;

c) substituted or unsubstituted aromatic heterocyclic rings; and

d) mixtures thereof;;
Y is a pendant unit comprising at least one heteroatom;
Z is a pendant unit, which comprises an aromatic cprbocyclic ring, ;o

A compound according to Claim 1 wherein A is a conformationally restricted ring system

[\

selected from the group consisting of:

a)
vlv_
N WY
Y
o)
|
z ;
b)
¥
N, Y
L
z° .
¢)
Y
ol
Y
Z ;
d)
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a) b) z7oc) cfr d) 126 WD 02/085925 PCT/US02/13340 C-L W I N* YNO W

Il N * Y wherein the carbon atons marked with an asteri sk can have any

st er eo- chenygahgse@nfi guration or m xtures thereof. 3. A geqRQsads@ccordi ng
to either Caiml .or 2 wherein Whas the fornmula: L wherein J has the
formula - (CH2) -, CXC»-, and m xtures thereof; L units are selected form
the group consisting of: i) -C(ONH; ii) -C(ONHC(O-; iii) -NHC(O-;
iv) -NH; v) -(CH2)INH; wherein b is from1l to 3; and vi) -NH(CH2)b-;
wherein b is from1 to 3; Ris substituged or unsubstituted aryl; Bis

hydrogen or a unit having the fornul a: JL .y

EI

i

X

.Z‘.‘T 0
H

wherein the carbon atoms marked with an asterisk can have any stereo-chemical

configuration or mixtures thereof.

3. A compound according to either Claim 1 or 2 wherein W has the formula:
' B
L/
RN,
l
wherein J has the formula -(CH,)-, —-C(O)-, and mixtures thereof;

L units are selected form the group consisting of:

i) -C(O)NH-;

if) -C(O)NHC(O)-;
jii) -NHC(O)-;

iv) -NH-;

v) ~(CH,),INH-; wherein b is from 1 to 3; and
vi) -NH(CH,)y-; wherein bis from 1 to 3;
R is substituted or unsubstituted aryl;

B is hydrogen or a unit having the formula:
3

RZ\F R*

wherein R? R’, and R? units are independently selected from the group:
a) rings comprising:
a) substituted or unsubstituted aromatic carbocyclic rings;
b) substituted or unsubstituted aromatic heterocyclic rings;

c) and mixtures thereof;
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R2_ R3 R4 wherein R2, R3, and R4 units are independently selected fromthe
group: a) rings conprising: a) substituted or unsubstituted aronmatic
carbocycl i owoiozyges925 b) substituted or unsubstituted aronmapcrubmisssocyclic
rings; c¢) and mxtures thereof; 127 WD 02/085925 PCT/ US02/ 13340 b)
hydrogen; c) a unit selected fromthe group consisting of -CH2C(O) CHS,
-NHC(O) CH3, - NHC(O CH2CH3, and - NHC(O CH2CH2CH3; d) at |east two of R2,
R3, or R4 can be taken together to forma ring; and e) mxtures thereof.

4. A conpound a COFdllH, %40 any of Cdainms 1-3 wherein Whas the formul a: RJO
Ris selected fromt rbup consi sting of phenyl, benzyl, 3-fluorophenyl,

4-f | uor ophenyl , ¢) 3, &mmelmddmmheyzroummmmqu@m@mcmf WM(@)G}-E.henyl and

m xt ures thereof. A I of Cains 1-4 wherein W has
the formula: RO or t 3'%@ ét\%ée}?g?{n , R3, and R4 units are each
i ndependent |y s& ect‘ééFaﬁtﬁ‘Eﬂﬁftﬂné‘ @f&ﬁﬂbeﬁ-}(enrtﬂgﬁésﬂe&mmf@m?gd i) substituted
or unsubstituteg) ar opghke teoOCYclic rings; ii) substituted or _
unsubstitdted aromatic heterocyctiic rings; iii) and mxtures thereof: b)

hydrogen; c) a unit selected fromthe group consisting of .-CHZC(O)CHB,
- NHC( O) CH34.  NHAXc6hfdudd kdBordiag €b an NI 14306 HE GHECiIV had ik formula:

R is selected from the group consisting of phenyl, benzyl, 3-fluorophenyl, 4-fluorophenyl,
3,5-difluorophenyl, 4-chlorophenyl, 4-hydroxyphenyl, and mixtures thereof.

5. A compound according to any of Claims 1-4 wherein W has the foinlqla:

or the formula:
R3
Rii(k‘
i o

wherein R? R?, and R* units are each independently selected from the group:
a) rings comprising: .
i) substituted or unsubstituted aromatic carbocyclic rings;
ii) substituted or unsubstituted aromatic heterocyclic rings;
iii) and mixtures thereof;
b) hydrogen;
c) a unit selected from the group consisting of -CH,C(O)CHj, -NHC(O)CH,, -
NHC(O)CH;CH3, and -NHC(O)CH,CH,;CHj; and
d) mixtures thereof.
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d) mxtures thereof. .WwB L R3 R2.R4 O 128 WD 02/085925 PCT/ US02/ 13340 6. A
conpound according to any of Clains 1-5 wherein RRis -NHC(OCH3 and R4 is
a unit selwot@dsdosgom t he group consisting of benzyl, 2-i pcgagedssiet hyl,
4-im dazol yl mrethyl, 4- fluorobenzyl, 4-hydroxybenzyl, and 4-acetoxybenxyl.
7. A conpound according to. any of Clains 1-6 wherein at |east two of R2,
R3, and R4 are taken together to forma ring. 8. A conpound according to
any of Clainms 1-7 wherei n Whas the formJIa 9. A conpound according to any

of Clainms }- erein thef erei.n Rl

conpri ses he\t,\ﬂr°8§¥om AR RO 9™ ‘?’k%e?ﬂ%‘z% wwa%{?o ouﬁd

accordi ng to anyelefed ﬁloamtkmgrtiuiagomamgaoftbeml?ﬁ-lmdanlymtw}r. 4sraidwtybnbtlﬁ)ﬂ,dm t he
roup consistin C 2 CH3 i)

Y00 ocrparpaHE R &I’bﬁ‘&é‘( y W&Eﬁ‘—‘ffé@mg‘%‘% O(O) OCH(CH3) 2; Vi)

- C(0) OCH2CH(CH3) 2;  Vvii) -C(O) OCH2CH=CHCH3; " wviii) _ O O) OCH2CH2CH( CHB) 2:

ix) -0 OgH2(( mﬁpomﬁﬂmco%@ &?‘%f CPéin)s I %W%g'@:vo of R% R® and R4 are

taken together to form a ring,

8. A compound according to any of Claims 1-7 wherein W has the formula:

9, A compound according to any of Claims 1-8 wherein Y has the formula:
— (CH)y—R”

wherein R* comprises a heteroatom and the index b is from 1 to 4.

10. A compound according to any of Claims 1-9 wherein R* is an ester selected from the
group consisting of:
i) -C(O)OCHs;;
ii) -C(O)OCH,CH;;
iti) -C(0)OCH,CH-CH;3;
iv) -C(OYOCH,CH,CH,CHs;
V) -C(O)OCH(CHs);
vi) -C(O)OCH,CH(CH3),;
vii) -C(O)YOCH,CH=CHCHj;
viii) -C(O)OCH;CH,CH(CHa),;
ix) -C(O)OCH;C(CHa)s;
X) -0C(0)CHs;
xi)  -OC(O)CH;CH;;
xii) -OC(0)CH,CH,CHs;
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xi!) -0OC(O CH2CH2CH3; 129 WO 02/ 085925 PCT/ US02/ 13340 xiii) -0OC(O CH CH3) 2;
Xiv) -0C(0O CH2CH2CH2CH3; xv) -0OC(0O CH2CH(CH3) 2; xvi) -0OC( 0O CH2CH=CHCH3;
Xxvii) -OC( Qy&bléeséds3) 3; and xviii) -0OC(O CH2CH2CH( CH3) 2; poT/usse/1damde
selected fromthe group consisting of. i) -C(ONHCH3; ii) . -C(O NHCH2CH3;
iii) -C(O NHCH2CH2CH3; iv) -C(O NHCH2CH2CH2CH3; v) -C(O NHCH(CH3) 2; vi)
-C(O NHCH2CH(CH3) 2; vii) -C(O NHCH2CH=CHCH3; viii) -C(O NHCH2CH2CH( CH3) 2;
i X) -C(O NHCH2C(CH3) 3; X) -NHC(O)CHS Xi) -NHC(O CH2CH3;  Xxii)

- NHC( O CHZCHZCHB X'dcg?) Cl-i\lo ! Q) CH(CH3)2; xiv) -NHC(O CH2CH2CH2CH3;  xv)

- NHC( O) CH2CH( cH3 v(O)CI-l2C:I—|=CI—|CI—l3| XVvii) -NHC(O CH2C(CH3) 3; and
XViii) -NHC(O GIIQWZ-QQ((Q)@‘;zQHzgﬂzCHA conpound according to any of Clains 1-9
wherein Rs is ,g,)uni_tocsi@i(ﬁ%bﬁgh{a%pm the group consisting of:

xvi) -OC(O)CH,CH=CHCHs,;

Xvii) - -OC(O)CH:C(CH:);: &nd

xviii) -OC(O)CH.CH;CH(CHa).;

or an amide selected from the group consisting of:

i) -C(O)NHCHa,;

ii) | -C(O)NHCH,CHj;

iii) -C(O)NHCH,CH,CH;;

iv) -C(O)NHCHzCHzCHzCHs;

v) . -C(O)NHCH(CHa);

vi) -C(O)NHCH;CH(CHa)y;

vii)  -C(O)NHCH,CH=CHCHj;

viii)  -C(O)NHCH;CH,CH(CH)y;

ix) -C(O)NHCH,C(CHs)s;

X) -NHC(O)CHs;

xi) -NHC(O)CHCH3;

Xll) -NHC(O)CHzCHzCH3;

xiiiy -NHC(O)CH(CHa);

xiv) -NHC(O)CH,CH,CH,CHs;

XV) -NHC(O)CH,CH(CH;)s;

xvi) -NHC(O)CH,CH=CHCHj;

xvii) -NHC(O)CH,C(CHj)s; and

xviil) -NHC(O)CH,CH>CH(CH;),.

11. A compound according to any of Claims 1-9 wherein R' is a unit selected from the group
consisting of:
a) -CCONR'®);
b)  -CEONR'‘NR);
¢)  -NRUC)NR'); and
d  NHNR®) -
wherein X is =O, =S, NR'S, and mixtures thereof, R'® is hydrogen, methyl, cyano,
hydroxy, nitro, and mixtures thereof; the index z is from 0 to 5.
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a) -CWN(R16)2; b) -C(X)NRL6N(R16)z; c) -NRL6C(X)N(R16)2; and d)
-NHN(R16) z; wherein X is =0, =S, NR16, and m xtures thereof, R16 is

hydr ogen, &) bdsso2€yano, hydroxy, nitro, and m xtures theceuboisie i ndex z
is fromO to 5. ,130 WO 02/085925 PCT/ US02/13340 12. A conpound accordi ng
to daim1ll wherein Rs has the formula: /CoHH ,N- ~NH-NHN C= O=NH
H2N H2N HVYN (CF)NH /H ,CET; H-N CNH -N G- NH -N G NCH3 -N C=NH HzZN HLN
H2ZN (cH )NH - -NIN IN NH -11, -N, C NCN * NCN =NCN C=NCI 3 NCNH (H3C) NH
HHN NC-NH 13. A conpound according to Caim 12 wherein Y has the fornul a:
14. A conmpound according to C aim 12 wherei n R15 is selected fromthe group
consi sti ngidf . A cmpoundiaebryling ellaimgl 1twhereindy hhas the fogmplgs N \/\ N ii)
tetrazolyl having the formula: N

N/H NICHa N’H N}{
“c=NH “e= “c=NcH .- C=MNH
HN HN BN (CENH '
A ICH’ /H }{
—N_ —N_ —N_ —N_
C=NH C=NH /C=NCH, C=NH
BN HN BN (CE:)NH
A s A~ A~
—N_ —N_ —N_ —N,
. LC=NON . C=NON SN = NCH;
NCNH (ECNH . BN NC—NH

13. A compound according to Claim 12 wherein Y has the formula:

2

H

14. A compound according to Claim 12 wherein R* is selected from the group consisting of:

i) triazolyl having the formula:
~n-N
1
N
i) tetrazolyl having the formula:
Ny~ N
N

s
N
iii) thiazolyl, 2-methylthiazolyl, 4-mentylthiazolyl, 5-methylthiazolyl having the
formula:

N Hy N N
A S D
83 s ; s ; H 5y
iv) 1,3,4-thiadiazolyl, 2-methyl-1,3,4-thiadiazolyl having the formula:

131 © F



N p LNN thiazolyl, 2-nethylthiazolyl, 4-nentylthiazolyl,
5-net hyl t hi azolyl having the fornmula: N CS; - s -11 s 1-13 iv)
1,3,4-thia 2-methyl -1, 3, 4-thi adi azolyl having th 131 WO
02/ 085925 g‘lco:]" 2(l?jisgﬁ‘22/513340 v) 1,2,5-thiadiazolyl, 3-nmethyl- icg)%é&whl adi azol yl
having the fornmula: S vi) oxazol yl, 2-nmethyl oxazol yl, 4-nmethyl oxazol yl ,
5- net hyl oxazol yl having the forrrul a: NN .44 0Cv O0Ovii) imdazol yI ,
2-met hyl i m dazol yl, 5-nethylimdazolyl having the fornula: EN> 4N> CE. ~ + N
H Hviii) 5-net hyI 1, 2, 4- oxadi azol yl , % met hyI 1, 3, 4- oxadi azol yl ,
5-am no-1, 2, 4- oxadi azol yl, having theN mul % A\ -N-- ~>--NI2 o0 NOiXx)
1,2-dihydro[1,2,4]triazol - 3 one- 1- yI _t()} >{—CH’
2-met hyl -1, 2-di h¥dro[ 1,2,4)triazol - 3-one- 5 yl, haV| ng t he formul a:

\J 12 5-th1ad1azolyl 3-methy1 1,2,5-thiadiazolyl having the formula:

s W W

N\s/ . NN.S/ J E ' . 3

? L

vi) oxazolyl, 2-methyloxazolyl, 4-methyloxazolyl, 5-methyloxazolyl having the

€y o )

vii)  imidazolyl, 2-methylimidazolyl, 5-methylimidazolyl having the formula:

© £ 5

viii)  5-methyl-1,2,4-oxadiazolyl, 2-methy1-l,3,4-oxédiazolyl. 5-amino-1,2,4-

formula:

oxadiazolyl, having the formula:
N ~N N,
& o )w —f Yw
=0 : (o) : ~0

ix) 1,2-dihydro[1,2,4]triazol-3-one-1-yl, 2-methyl-1,2-dihydro[1,2,4]triazol-3-one-5-

yl, having the formula:
N N
— =
E >=0 ’N\ N>=O
\ H \
L ;
x) oxazolidin-2-one-3-yl; 4,4-dimethyloxazolidin-2-one-3-yl; imidazolidin-2-one-1-
yl; 1-methylimidazolidin-2-one-1-yl, having the formula:

a{;\ﬁ\o N—H N—
NN K A

xi)_ 2-methy1-1.3,4-oxad1azolyl, 2-am1no-1,3,4-oxad1azolyl, 2-(N,N-dimethylamino) -
1,3,4-oxadiazolyl, having the formula:

J::‘)—afa | /’[:\}m | /’[:\>—N(:
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0 ~>0 NNH1 HCE1l x) oxazoUdi n-2-one-3-yl;

4- di met hyl oxazol i di n-2-one-3-yl; imdazolidin-2-one-1- yl;

met hyl i mgga9bdsehsn- 2- one- 1-yl, having the fornula: M/ NpcihsosBbo~ / N--~
OO0OI NHI NQO; O; O; O 2-nethyl-1,3,4-oxadiazol yl,

2-am no-1, 3, 4- oxadi azol yl, 2-(N, N-di net hyl am no) - 1, 3, 4-oxadi azol yl,
having the formula: -N} )::>NH2; )>-( 1132 WD 02/ 085925 PCT/ US02/ 13340 15.
A conpound according to Caim1l2 wherein Rs is selected fromthe group

oyt di gl B (AR g R 12 a1 8o Fom s afonnfangink ot

havi ng the formij a: p&dﬁﬂ:ﬂyﬂhhﬁdlﬂavm@thefokﬁmlawc 16. A compound according to

"
4.
1-
1

Claim 12 wherein RS is selec romt ﬁ group nsisting of am no,
guani di no, guanyl, am di no, I yl LD.@NBH- pyrrolyl, pyrazolyl,
2H imdazolyl, 1,2, 3-triazol 1, 2, 4 | azol /i sgxazol yl , oxazoyl

1, 2, 3-isoxazol yI 1,2, 4- i ox di, azol yI ﬁyranyl 4H pyranyl ,

2Kk pyran- 2-one- ﬁ) p)PV‘i‘ H"}' units,ha virg &y pyri mi di nyl, pyrazi nyl ,

pi perazinyl, s-triazinyl, 41@0)(61—2—'@”\3 2H-1N§‘=-§xa2| nyI 1, 4-

if) piperidinyl units having the formula:
-0 =0 .0 —CNH

16. A compound accordmg to Claim 12 wherem RYis selected from the group consxstmg of :
amino, guanidino, gua.nyl amldmo, pyrrolyl 2H-pyrroly1 3H-pyrrolyl pyrazolyl 2H-
imidazolyl, 1,2,3-triazolyl, 1,2,4-triazolyl, isoxazolyl, oxazoyl, 1,2,3-isoxazolyl, 1,2,4-
oxadiazolyl, 2H-pyranyl, 4H-pyranyl, 2H-pyran-2-one-yl, pyridinyl, pyridazinyl,
pyrimidinyl, pyrazinyl, piperazinyl, s-triazinyl, 4H-1,2-oxazinyl, 2H-1,3-oxazinyl, 1,4~
oxazinyl, morpholinyl, azepinyl, oxepinyl, 4H-1,2-diazepinyl, ihdenyl, 2H-indenyl,
benzofuranyl, isobenzofuranyl, indolyl, 3H-indolyl, 1H-inolyl, benzoxazolyl, 2H-1-
benzopyranyl, quinolinyl, isoquinolinyl, quinazolinyl, 2H-1,4-benzoxazinyl, pyrrolidinyl,
pyrrolidonyl, pyrrolinyl, quinoxalinyl, pyrrolyl, benzimidazolyl, and mixtures thereof.

17. A compound according to any of Claims 1-16 wherein Z has the formula:

RB/& R9

Rlo
wherein R®is hydrogen; R® is phenyl, benzyl, 1-naphthyl, 2- naphthyl, 1-naphthylmethyl,
2-naphthylmethyl; R" is hydrogen, -CGXN(R "), NR'®); -N*R).D’, -CEN'R):D’,
NR'C(X)R", and mixtures thereof; R*® is hydrogen, C;-Cio alkyl, or mixtures thereof;
RY is C1-Cys linear or branched, substituted or unsubstituted alkyl, C;-Cys linear or
branched, substituted or unsubstituted alkylenearyl; X is oxygen, sulfur, =NR'®, and
mixtures thereof; D is a salt forming anion.

-
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oxazi nyl, norpholinyl, azepinyl, oxepinyl, 4H 1, 2-diazepinyl, indenyl,

2H i ndenyl, benzofuranyl, isobenzofuranyl, indolyl, 3Hindolyl, 1Hinolyl,
benzoxazol Wyo 02bksdzs benzopyranyl, quinolinyl, isoquinolingcruget/a@ol i nyl,
2H- 1, 4- benzoxazi nyl, pyrrolidinyl, pyrrolidonyl, pyrrolinyl, quinoxalinyl,
pyrrolyl, benzim dazolyl, and m xtures thereof. 17. A conpound according to
any of Clains 1-16 wherein Z has the fornula: RBB RO R o wherein R8 is
hydrogen; RO is phenyl, benzyl, 1-naphthyl, 2- naphthyl, 1-naphthyl nmethyl,

2- napht hyl hyl: RO i %ro en, (X 16) 2, 10 % 16 :

Zog Nty S A o g B of i S PR B RSBSOS 0088 ¢ i o
al kyl, or mxtured-COWHEH{.;, R' is Cl-Cl6 linear or branched, substituted
or unsubstituted al kyl, C7-Cl16 linear or branched, substituted or
unsubstituted al kyl enearyl; X is oxygen, sulfur, =NR16, and m xtures
thereof; D 18 a Aabmpdind svcordingtoiaonof Adds 1-NDOwbELi0 85 B35y bego2napddar18. A
conpound accor di ng, | f Cains 1-17 wherein R10 is.-CQ2H, -CO2CHS,
--CONHZ2, -and C&%&P@y%g‘yPA conpound according ‘to any of Clainms 1-18
wherein RO is phenyl, benzyl, 2-naphthyl or 2- napht hyl met hyl . 20. A
conpound acegr di AGordyfbuaddecitinfta B é;aj&@moem%ﬂrﬁin d safeRatit@adoafthect ed

fromthe group consisting of I) 1i) -134 WO 02/085925 iv) v) vi) 3. R2Z R4
group consisting of: : '

D

3
R R
L]
H
o}
R\/k(O
)
! X
NH;
*
2
L)
L ]

e

H

i)

3
¢
R\)\(

I v Jﬁm

P H

«
' N
I
H
X R
~ o)
(0]
%
iii)

R ‘134



NHNO9H2 3. R2 R4 |
vii) 135 WD 02/085925 H_ 0 NH i

PCTI US02/ 13%$Q2/085925

iv)

V)

vi)

HH~N-~0 R

~/0 No O R
N N NH |

PCT/US02/13340

N, :
ot
H i
0

'RH N OH PCTI US02/ 13340
~~—~H NOH ROZ2CH3 ix) x)



136 . WD 02/085925 PCT/US02/13340 xi) ROCNH N NOLRlo RO Hwherein R

is selected fromthe group consisting of phenyl, benzyl, 3-fluorophenyl, 4-

f I uor ophenwyo oBodsexdi f | uor ophenyl , 4-chorophenyl, 4-hydr oxpotresosiizssand

m xtures thereof; R2 is a unit selected fromthe group consisting of

hydrogen, -CH2C(O) CH3, - NHC(O CH3, -NHC(O CH2CH3, and - NHC(O CH2CH2CH3; R3

is hydrogen; R4 is a unit selected fromthe group consisting of benzyl,

2-imdazol yl nethyl, 4-imdazolylmethyl, 4- fluorobenzyl, 4-hydroxybenzyl,

4- acet oxybenxyl, 2-im dazolyl nethyl, 4g=i m dazol yl - net hyI 2- phenyl et hyl ,

1- nat pht hyl net hyl , and 2- napht hyl et ¥ ®Ro is phenyl, benzyl , 1- napht hyl,

2- naphthyl, 1-naphthyl nethyl, 2-napht I met hyl ; R10 is hydrogen, -CO2CH3,
-CO2H;, -CONH2; and -CONHCH3. 21. A c nd accor di ng to any of Clains 1-20

wherein L is selected from the grm{?\fmastlng of: i) -[C(R)z] , wherein
pis fromO to 12; 13,7 ; V\002/08 92 PCT/USOZ/NE334O||)

-[C(R") z] (CH:CH)Q wher ei.n is fr froml to 6, i)
- (RI2) Q) (RL2)1-: i11) ~COONR - .v)[ c<><>@,120(>%> V) -G NRC(X) -
Vi) -C(X)NR 1R 2NR'C( X) _;

viii)



vii) -NR'C(X)-; viii) -NRLIC(X)NRL1 ; ix) -NR'C(X)R 2NR11_; x)
-NRLI1IR1I2C(X) NRLl _; xi) -NR'C(X)RLi 2C(X)O_; xii) -OC(X)RL2C(X)NR'-; xiii).
- NR11C( X) N@'dddugso2s X1 V) - RI2ZNRLIIC(X)NR i _; xv) - RI2NR11Goe9/bEebAske® ; xvi)
-NR'-; xvii) -R12NR11 ; xix) -NR'R12 xx) -NRLIN=N-; xxi) -NR'NR'- xxii)
-OR12_; xxiii) -R120; xxii) -(R12)tOC(O (R 2)r; xxiii) -(R

12)tC(OQRL12)r; xxiv) -(R2)toC(OQ R1L2)t-; -5-; -(R122)~tS(R12)t_;
-(R 1tS(X)(Rt2)r; 12)tS(X)2(R12)r; _(RI2)tNR'S(X)(R fir; _(°
12) IS(X)NRLL' (Rygyt _;  _, +(R 12) tNR11 S (X)2(R12)t-;

-(R12)tS(X) 2NR11(R12)t _; 138. WO 02/085925 PCTI US02/ 13340 wherein R' is
hydr ogen, linear or branched C, -Clo hydr oxyl, -SUB, or m xtures

xif)

I‘.RIO
9.
L

wherein R is selected from the group consisting of phenyl, benzyl, 3-fluorophenyl, 4-
fluorophenyl, 3,5-difluorophenyl, 4-chlorophenyl, 4-hydroxyphenyl, and mixtures
thereof; R? is a unit selected from the group consisting of hydrogen, -CH,C(O)CHs, -
NHC(O)CHj, -NHC(O)CH,CHj, and -NHC(O)CH,CH,CHs; R? is hydrogen; R* is a unit
selected from the group consisting of benzyl, 2-imidazolylmethyl, 4-imidazolylmethyl, 4~
fluorobenzyl, 4-hydroxybenzyl, 4-acetoxybenxyl, 2-i.midazolylmcthyl, 4-imidazolyl-
methyl, 2-phenylethyl, 1-natphthylmethyl, and 2-naphthylmethyl, R® is phenyl, benzyl, 1-
naphthyl, 2- naphthyl, 1-naphthylmethyl, 2-naphthylmethyl; RYis }xydxogen, -CO,CH,,
-CO_H; -CONH; and -CONHCH;. -

21. A compound according to any of Claims 1-20 wherein L is selected from the group
consisting of:
i) -ICR™):),-, wherein p is from 0 to 12;
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thereof; R12 is Cl1-Cl16 linear or branched, substituted or unsubstituted

al kyl ene, substituted or unsubstituted phenylene, or m xtures thereof; or
an Rl' andwiBl@gosdbd can be taken together to form a ri ngeCcpUuses/1ssygen,

sul fur, =NR11, and m xtures thereof; t is 0 or 1. 22. A conmpound accordi ng
to any of Clainms 1-21 wherein SUB units are selected fromthe group
consisting of. i) -NHCOR30; ii) -COR30; iii) -COOR30; iv) -COCH=CHZ;

v) - C(=NH) NH2; vi) -NHC( =NH) NH2; vii) -N(R30)2; wviii) -NHC6Hs; iXx)
=Crcers: x) - GNRa u) Cr=GEN MRlin p Kitoln 0 BN s st 6 OON,  xi V) - O

xv) F. C1, Br, ur 6s t Aereof ; xvi) =0; xvii) -OR30; xviii)
-NHCHO,  xi x) -H; xﬂ} )*WR?})Z xxi) =30: xxii) =NOR30; xxiii) - NHORBO:
XXiv) -CNQ xxm - NEBONRM-;

iv)  -CCORCR)-;

V) -CEONRYC(X)-

vi)  -CCONRMR™NRMC(X)-;

vii) -NRMCX)-

viii) -NRUCX)NR!-;

ix) -NR”C(X)RIZNR”-;

x) -NR”RIZC(X)NRH-;

xi)  -NRMCEX)R™ZC(X)O-;

xii) -OCXK)RZCK)NR'-

xiii) -NR”C(X)NR“R”—;

Xiv) -R”NR”C(X)NR“-;

xv) -RIZNR“C(X)NR”R”-;

xvi) -NR!-;
xvil) -RZNR'
Xix) -NR”R“—;
XX) -NR!'N=N-;
xxi) NRUNRM"-
xxii) -OR"-
xxiii) -R™O0-;
xxii)  -(R**WOCO)R)
xxl)  -(R*XCO)OR)
xxiv)  -R'*OCO)OR?)
xxv) -8

xxvi)  -(R™)SR?)es

xxvii) -RZDSCOR?)e
xxvii) -RASCOR)es
xxix)  -RP)NR'SCOR?)
xx)  -RPSENR"R?)
oxxd)  -(RPDNRSE)R )
xxxii) -RDSCK)NR' R
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xXVi) =C(R30)2; xxvii) -SOG3M 139 WO 02/085925 PCT/ US02/ 13340 xxviii)
-0S03M  xxix) -SCN;, xxx) -P(OH2; xxxi) -P02; xxxii) -P(0)(CH) 2;
XXXii1) -SGedlbRlessesxxi v) -S02R30; xxxv) -NO2; xxxvi) -CFcrafseitsse CBr 3;
xXxvii) and m xtures thereof; wherein R30 is hydrogen, Cl-C201li near or
branched al kyl, C6-C20 aryl, C7-C20 al kyl enearyl, and m xtures thereof; M
is hydrogen, or a salt formng cation. 23. A pharnmaceutical conposition
conprising: A an effective amobunt of a compound, including all enationeric
and di asterioneric . fgaf. nd_phar eutical ly ept ahl alts thereof,
sai d conpound haUFHE hlgﬁycg%ﬁpﬂ’ﬂinﬁr % r%@f@féi“ ﬁfyﬁé:y groéﬁh'syﬁh‘gﬁ%tﬁrﬁi ly
restricted ring tieysf;,®&is€]-6 liedr brigmchddesubstiotgd or omnbstintddrikylefe, subptituted

non- ar omat i ¢ CarPaEyEllfa bhiliine, oRhiALRTRIGE SFAORIRI Gl chil skl |
non-aromati c heterocyclic rings; aromatI'c. heterocyclic rings; wherein
said rings corrprﬂ)gg@srtﬁfqmaBiHE%(Boalwmplﬁuwmgl,anqdei’fmﬂemﬁ;tﬁSWil-ng t he
formul a: 140 : :

22. A.comﬁound according to any of Claims 1-21 wherein SUB units are selecteci from the
group consisting of:
i) -NHCOR®;

if) -COR®;

iiiy  -COOR*;

iv)  -COCH=CHy;

v) -C(=NH)NH,;

, , vi)  -NHC(=NH)NHy

viy  -NER9)z

viii) -NHC¢Hs;

ix)  =CHCeHs;

x)  -CONR™:;
xi)  -CONHNHy;

xii) -NHCN;
xiii) -OCN;

xiv)  -CN;

Xv) F, Cl, Br, I, and mixtures thereof;
xvi) =0;

xvii) -OR¥,
xviii) -NHCHO;
xix) -OH;

xx)  -NHNR)M;
XXi) =NR3°;
xxii) =NOR™;
xxiif) -NHOR™;
xxiv) -CNO;
xxv) -NCS;

xxvi) =CR*)z
xxvil) -SOsM;
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WO 02/ 085925 PCTI US02/ 13340 wherein Ris selected fromthe group consisting
of: a) non-aromatic carbocyclic rings; b) aromatic carbocyclic rings; c¢)
non- ar omat o falgeeocyclic rings; d) aronmatic heterocycli gctigs@aszssgal d
rings conprising from3 to 12 atonms; J is selected fromthe group
consisting of: i) -[C(R")dlk-; wherein each R' is independently hydrogen,
Cl-Cl12 linear or branched alkyl, -SUB, two R'" units can be taken together
with an oxygen atomto forma carbonyl unit, two R 'units fromany J units
or an R" unit unit froma T unit can be taken together to forma

carbocyclic he%erocycllc fused ring, bicyclo ring, or spiroannul ated
ring conpr|5|ngmv$roﬁ@% to 7 atoms; the index d has the value of 1 or 2;
the index k hagyfhepipsue of 1 or 2; iii) -NR -; wherein R is hydrogen,

Cl-CB |inear or by anchad al kyl, or a SUB unit; iv) -0-;: v) -S: vi)
-P(O - O -P(0)%xd) '5@4) and m xtures thereof; L is a linking unit; B
conprises a unijxx#el-goy@inf;rom t he. group conS|st|ng of: a) hydrogen; b)
substituted or unsubg%bﬁﬁted aronatic carbocyclic rings; c) substituted or
unsubstituted aFSHAC terocyclic rings; and d) mixtures thereof; Yis a
pendant unit coiRiv) S0 at | east one heteroatom Z is a pendant unit, which
conpri ses an arongtlﬁ carbocycllc ring; and B) the bal ance carriers,

exci pi ents, j unct ingredients.
xxxvi) -CF,, -CCls, -CBr3;

xxxvii) and mixtures thereof;
wherein R* is hydrogen, C;-Cyp linear or branched alkyl, Cg-Cyp aryl, C;-Cy alkylenearyl,

and mixtures thereof; M is hydrogen, or a salt forming cation.

23. A phar&laceuﬁcal composiﬁou! comprising:
A) an effective amount of a compound, including all enatiomeric and diasteriomeric
forms and pharmaceutically acceptable salts thereof, said compound having the

formula:

p
wherein A is a conformationally restricted ring system selected from the group

congisting of:

a) non-aromatic carbocyclic rings;
b) aromatic carbocyclic rings;

c) non-aromatic heterocyclic rings;
d) aromatic heterocyclic rings;

wherein said rings comprises from 5 to 8 atoms;

W is a pendant unit having the formula:
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24. A nmethod of treating a disorder selected fromthe group consisting of

I nsulin resistance,
coronary arwerog/ssIss
dysl i pi daem a, cance
02/ 085925 PCT/ US02/ 1
irregularities, hirs
| ung di sease, sleep
di sease, in an ani na
adm nistering to sai

gl ucose intolerance, Type-2 di abetes nellitus,

ase, elevated blood pressure, hypert agaigy02/13340
r (e.g., endonetrial, cervical, ovarian, breast,
3340 prostate, gallbladder, colon), nenstrual
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utism infertility, gallbladder disease, restrictive

apnea, gout, osteoarthritis, and thromboenbolic

ghér §ele!:c@dﬂgﬁﬁ,et §£‘8§n‘§m ¢ method conprising

ect a conp according to any of C ains

1-22.

25. A nethod of trea#)ng @n@rwaeacrb@nqheomd fromthe group consisting of a

by CNRosaRCEBSIyAR rinpehavi or-rel ated di sorders, menory
cardlovascular func |on i nfl anmati on, sepsis, septic

body wei ght disorde
rel ated di sorders,

shock, cardlogenlc sPoc

k , ODHATRANE peterpeyclic sexual dysfunctlon erectile

dysfunction, muscle af ropﬁymtﬁlhswﬁcnﬁgsom ated with nerve growth and

fepair, and intraute
t hereof, the nethod
of any of Cains 1-2

B

ri, f'et al i n an ani'mal subject in need
Srep SR PR R

2is sdléeted from the group consisting of:

i) -[CR")¢)k-; wherein each R” is independently hydrogen, C;-Cy; linear or
branched alkyl, -SUB, two R” units can be taken together with an oxygen
atom to form a carbonyl unit, two R” units from any J units or an R” unit
and an R’ unit from a T unit can be taken together to form a carbocyclic
or heterocyclic fused ring, bicyclo ring, or spiroannulated ring
compnsmg from3to7 atoms, the index d has the value of 1 or 2; tﬁc

index k has the value of 1 or 2

ii) -N-,

iit) -NR'-; wherein R’ is hydrogen, C;-Cy linear or branched alkyl, or a SUB
unit;

iv) -0-;

V) -S-;

vi) -P(0)- or -P(0),~;
vii) and mixtures thereof;

L is a linking unit;

B comprises a unit selected from the group consisting of:

a) hydrogen;

b) substituted or unsubstituted aromatic carbocyclic rings;

c) substituted or unsubstituted aromatic heterocyclic rings; and
d) mixtures thereof;

Y is a pendant unit comprising at least one heteroatom;
Z is a pendant unit, which comprises an aromatic carbocyclic ring; and

the balance carriers, excipients, and adjunct ingredients.

24, A method of treating a disorder selected from the group consisting of insulin resistance,

glucose

intolerance, Type-2 diabetes mellitus, coronary artery disease, elevated blood

pressure, hypertension, dyslipidaemia, cancer (e.g., endometrial, cervical, ovarian, breast,

141 . L
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25.

prostate, galibladder, colon), menstrual irregularities, hirsutism, infertility, gallbladder
disease, restrictive lung disease, sleep apnea, gout, osteoarthritis, and thromboembolic
disease, in an animal subject in need thereof, the method comprising administering to said

subject a compound according to any of Claims 1-22.

A method of treating a disorder selected from the gfoixp coilsisting of a body weight
disorder, CNS depression, behavior-related disorders, memory related disorders,
cardiovascular function, inflammation, sepsis, septic shock, cardiogeﬁic shock,
hypovolemic shock, sexual dysfunction, erectile dysfunction, muscle atrophy, diseases
associated with nerve growth and repair, and intrauterine fetal growth, in an animal
subject in need thereof, the method comprising administering to said subject the

compound of any of Claims 1-22.
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