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"Selective Cyclic Peptides 5 oesity is w dely recogni zed as a serious
heal th problem for the devel oped countries, and has r@8diebisany2dni c
status in the United States. More than 50% of the U S. population is
consi dered overwei ght, with >25% di agnosed as clinically obese and at
consi der abl gdd» 543?I0r heart disease, non-insulin deDe”dﬁﬁ&mgdﬂQagBes
mel | itus (NIDDN?, ypertension, and certain cancers. 1o I's epidem c
presents a significant burden on the health care system as projected
obesity treatnment costs of nore than $70 billion annually are expected in
the U S. alone. Strategies for treating obesity include reducing food

i ntake or enhanci ng-the expenditure of energy. It has been denonstrated
that, when injected into the third ventricle of the brain or
intraperitoneally, a cyclic heptapeptide anal og of a-nel anocyte stinul ating
hor rone (aMsH) 15 havi ng nel anocortin-4 receptor (MC4-R) agonist activity
caused long lasting inhibition of food intake in mce. This effect was
reversi bl e when co-adm nistered with a MC4-R antagonist. (Fan, et al.,

Nat ure (1997) 385:165-168) Therefore, agonists of MZA-R activity woul d be
useful in treating or preventing obesity. There are fi'veg known

nmel anocortin receptors based on sequence honology that ranges | , 20 from
35 60% honol ogy between famly nmenbers ((Cone, et al., Rec. Prog. Hornone
Res. (1996) 51: 287-318), but these receptors differ in their functions.

For exanple, the MCI-Ris a Gprotein coupled receptor that regul ates
pigmentation in response to theiabbt cwbiichrdpgicspot ent agoni st of MI-R
(Cone, et al., ibid.). Agonismof the M -R receptor results in stinulation
of the nelanocytes which causes eunelanin and increases the risk for
cancer ®f the skin. Agonismof 25 M -R can al so have neurol ogi cal effects.
Stimulation of MC2-R activity can result in carcinoma of adrenal tissue.

tTEe ef }‘ ects oI _(m@ﬁtyiiﬂﬁ(d@lﬁ( r&cb@ﬁf@%a Rss'ﬂ%dsh Mabh BroBlegh fHthe &&Telop%i'@Mitrliceﬁ\lahd of

e nel angcorti.n.receptors re epti C 0

mel anocyt € ﬁ’g%%é?ﬁ@?’%ﬁ%ﬁ@%%yﬁlﬁégﬁeﬁn ° %L%d@g%]&r(tﬁ%iétpofﬁ%&n Bepti des
are deri V@d{mﬁde@td preovaghtorith 230 dingriosed(2POid)ally olaesqfnndlat)cfamdeabié riflfor beattn o
aci ds tha 'é;?s?,%o%%&ﬁ&ddekélﬁgmtﬂb%&s &*{eﬂﬁﬁqgﬂ?%m%{zﬁﬁon,w@ceﬂm geortins

(oc, A an ~adrenocorticotropin hornon , and various endor phins
(e.g. He pdbspideymic psirals asignificantbyrdenon Updisaltis@rasyiiene pyprajested plessity
functi ons trefiniBak EeyBaFasora@an 570 Billion annually are expected in the U.S. alone. Strategies for

treating obesity include reducing food intake or enbhancing the expenditure of energy.

It has been demonstrated that, when injected into the third ventricle of the brain or
intraperitoneally, a cyclic heptapeptide analog of a-melanocyte sﬁmﬂating hormone {aMSH)
15 having melanocortin-4 receptor (MC4-R) agonist activity caused long lasting inhibition of food
intake in mice. This effect was reversible when co-administered with a MC4-R antagonist. (Fan,
et al., Nature (1997) 385: 165-168) Therefore, agonists of MC4-R activity would be useful in
treating or preventing obesity.

-
There are five known melanocortin receptors based on sequence homology that ranges |

20 from 35-60% homology between family members ({Cone, et al., Rec. Prog. Hormone Res, (1996)
51: 287-318), but these receptors differ in their functions. For example, the MC1-R is a G-protein
coupled réceptor that regulates pigmentaﬁon in response to the MSH, which is a potent agonist
of MC1-R. (Cone, et al,, ibid.). Agonism of the MC1-R receptor results in stimulation of the
melanocytes which causes eumelanin and increases the risk for cancer of the skin. Agonism of

25 MCI1-R can also have neurological effects. Stimulation of MC2-R activity can result in
carcinoma of adrenal tissue. The effects of agonism of the MC3-R and MC5-R are not yet

known. All of the melanocortin receptors respond to the peptide hormone class of melanocyte



of the activities of nultiple nelanocortin receptors has the potential of
causi-ng unwanted side effects. Therefore it is desiralkBdebhaty 2005agoni st
of MC4-R be nore selective for the MC4-R than for one or nore of the other
mel anocortin receptors. Haskell-Luevano, et at (Peptides (1996) 17(6):
995-1002) disclose peptides that contain the tripeptide (D)Phe-Arb Trp and
exhi bit mel anotropic (skin darkening) aétivity in the frog (Rana pipiens)
~skin bioa a.H(e}f?lkel I -Lrﬁgggo et al. (ibid) do not disclose any conmpound
of formula T ors PP oReE PheseReptmistira Aefved drona pro-ppmmedaesortit PPOMCY):
401- 409) ampaolBethwae ekl3leimifd acdBhaGh I QR ) 261:
209-213) di scl ose apal ogs of the cycFliEBgesgeptide eﬁﬁ?f@oﬁﬁgﬂoo ’2%?
di scl ose 6‘?\‘58?1&% Bondiyredtangcortiootrapin basownec{ACTHE), and vARReEsiorghihe a

() R Fpptibin] (Ol b A I3, B R o AR hentedong, A snsong bspriT m o
phenyl ri & AHvities §f@uhirdf¢ mehsodﬁrﬁmrec%m‘é:hhﬂ’ ta byted B AL FoldiBddled sile R
s hydr oggRectsRETEME it i¥irat Qs AL oMM S i SN i@ e MOAR han

for one or more of the other melanocortin receptors. NN

Haskell-Luevano, et al. (Peptides (1996) 17(6): 995-1002) disclose peptides that contain
the tripeptide (D)Phe-Arg-Ttp and exhibit melanotropic (skin darkening) activity in the frog
(Rana pipiens) skin bioassay. Haskell-Luevano, et al. (ibid.) do not disclose any compound of
formula I or Il described below.

Bednarek, et al. (Peptides (1999) 20: 401-409) and Bednarek, et al. (Biochem. Biophys.
Res. Comm. (1999) 261: 209-213) disclose analogs of the cyclic peptide MT-II, They do not
disclose any compound of formula I or IT described below,

According to a first aspect, this i:';vention provides a compound of the formula:
R2 (CHy), (el

Y

/ |
. ?l H H\JT\ T T{m NH
AN NNy N :
R1 " i %ﬁ/\ﬂ/ \l_l!}:[jl/ _%(l/ ,

. R” NH,

10t

10er

e

wherein R' and R together with X and Y form a
phenyl ring and X is C and Y is C: or



“PCT/ EPOL109630 R12 'i's hydrogen; with either X and Y bei ng each—C~and t he-
bond between X and Y being a double 5 bond, or wth XzgmrébMideeposs each CH
and the bond between X and Y being a single bond; R2 is alkyl having from1
to 5 carbon atons, al kenyl having from2 to 5 carbon atons, or allrynyl
having fro carbon atons; R14 is alkyl having fro ar bon
at ons; andnﬁ%Pb%8§ I, Qis or 10 wherein R3, R4 and RSQQ#ghﬁﬁgggendently
hydrogen, hal o, aIkyI having from | tg 4 carbon atons, hydroxy or al koxy
having froml to 4 carbon atons mhereln when R4 is not hydrogen, R3 and e

are both hydr s kyl Npavingrfrom 1 to 3 carbon atons,
al koxy havingq?rgﬁﬁﬁ%%dg ca bo at prrs, Nphenoxy or halo; and R' and R13
are each i ndependently hydrogen, al k¥l having 3 or 4 carbons, or

cycl oal kyl having 5 or 6 carbon ato or R" and R 3 are both phenyl; 15 R
is O or NH R8 is hydrogen or nethyl. RO is or R10 is hydrogen or nethyl; p
isOor 1, mis 0, 1, 2, or 3; Zis 28 February 2005 -4 0 11 -(;-NH or S S
; and R 7 is hydrogen or alkyl having from1l to 6 carbon atons;, preferably
met hyl and’ pha ceqﬁhcal y acceptable salt thereof. The dotted bond in

t he conpound of E i hydrogenated when X and y- are each - CH. On

t he ot her. en the dollted bond is present, Y and X 'tak n together
with Rl and i%LZ—QONH& Hror@NHphRenyfing, and X and Y are both
tetravalent C atons. According to a second aspect, this invention provides

a conpounguz f f I Ln n 0 { Rﬁﬁ a

phenyl ri %g %a HS.IOC%Q}{I vﬁt&; é’i\ﬁ'lg g andY Eﬂn%ea% gltagd Ehe%%hg Eetw\één %ﬁﬁﬁ ? %_ &%ﬁl-

or 14 5 bond,orwith Xand Y being each CH and the bond between X an Y bemg a single bond; R*Ts
alkyl having from 1 to 5 carbon atoms, alkenyl having from 2 to 5 carbon atoms, or alkynyl

having from 2 to 5 carbon atoms; R%is alkyl having from 1 to 5 carbon atoms;andnisOor1, Q

is

\CH/ \ N/
| N\
or Re < \Rm
. R5 = '
R4

10 wherein R?, R* and R are independently hydrogen, halo, alkyl having from 1 to 4 carbon atoms,
hydroxy or alkoxy having from 1 to 4 carbon atoms, wherein when R*is not hydrogen, R® and R®
are both hydrogen; R®is hydrogen, alkyl having from 1 to 3 carbon atoms, alkoxy having from 1
to 3 carbon atoms, phenoxy, or halo; and R" and R* are each independently hydrogen, alkyl
having 3 or 4 carbons, or cycloalkyl having 5 or 6 carbon atoms or R'! and R'? are both phenyl;
15 R’ is O or NH; R® is hydrogen or methyl. R% is

|“ |
TH_Fp? | T)Hz :
C C\ \ 1

R"is hydrogen or methyl; pis O or 1; mis0, 1,2, or 3; Z is



TO0ORL--G 4H CH G NF ---; "and 28 February 2005 -4a Rlz is hydrogen, with
either X and ! being each C and the bond between X and 2¥ He®rurgy 200%loubl e
bond or with X and Y being each CH and the bond between X and Y being a
single bond; R2 is alkyl having froml to 5 carbon atons, al kenyl having
from2 to 5 carbon atons, or alkynyl having from2 to 5 carbon atons; RL4
is alkyl having from1l to 5 carbon atomd- nisOor 1; R R4 and R5 are

i ndependent |y hydrogen, h8 al kyl having from1l to 4 carbon atons,

hydr oxy, or al koxy havi ng from 1 to 4 carbon atons; wherein when R4 is not
hydrogen, Rs and R5 are Hoth hydrogen; R& is a or NH, R is hydrogen or
nmethyl; RO 1s | CH2 Rlﬂ_cs_w_g.r_ogerbror etdyl e p isQyd: mis 0, 1, 2, or
3; and z is Ofl r -C--NH or -s-s-; and 7 |s hydt ogen or al kyl havi ng

from 1 t R6isCRydAGRn ArOAIRy1 haftfl ROAT 6 061tk | HorREC BREABLE nRall Snicher eof

pharmaceutically acceptable salt thereof.

The dotted bond in the compound of formula I is hydrogenated when X and Y are each -
CH-. On the other hand, when the dotted bond is present, ¥ and X taken together with R! and
R* do not form a phenyl ring, and X and Y are both tetravalent C atoms.

According to a second aspect, this invention provides a compound of formula:

//q Z—“““-~.__\\ (CHa)m

R2 (CHpl,
\./ Q
Y Q Rtﬂ

RS Re
Ré IA
wherein
R' and R¥ together with X and Y form a phenyl ring and Xis Cand Yis G, or
R' is hydrogen,

R2—(NH};— ﬁ"—"NH’—‘—‘ ar ﬁ 14 ﬂ
 R—C-NH-CH-—C-NH—;  and



28 February 2005 -4b Accor di ng to a third aspect, this invention providés a

conpound of fornmula: RL | wherein R is hydrogen, R2- 28NMjebridiry 2006 R
"CNHCH-- -NH . RZis alkyl having from1l.to 5 carbon atons, al keuyl
having from2 to 5 carbon atons, or alkynyl having from2.to 5 carbon
atons; R4 is alkyl bating fromlto 5,carbon atons; nis O or 1; R6 isS
hydrogen, al kyl having fromlto 3 car 65‘ns al koxy havi ng fromlto 3 Barb
out, phenoxy, or halo; le is 0 o NH. Rs is hydrogen or nethyl; R9 is 28

geb;ﬁgry22?0§zols4c e h }garng %é‘ﬂ?%dfhgh?’@&gﬁp %?‘1?‘) Vi ng fro(r)nr

| to 6 carbon g@magad)rmtamﬁ & being 8dch £H adcthhcaﬂbﬁwwll‘i andf H@m@f
single bond;
2 is alkyl having from 1 to 5 carbon atoms, alkenyl having from 2 to 5 carbon atoms, or
alkynyl having from 2 to 5 carhon atoms;
14 is alkyl having from 1 to 5 carbon atoms;
an B0orl; N
R®, R* and R’ are independently hydrogen, halo, alkyl having from 1 to 4 carbon atoms,
hydroxy, or alkoxy having from 1 to 4 carbon atoms; wherein when R* is not hydrogen,
R* and RY are both hydrogen;
R’ is0or NH;
R® is hydrogen or methyl;
R is

—0
=
!
I~

2 X
[5]
O-.—
~

¥ is hydrogen or methyh;

p isCorl;
m is0,1,2,0r3;and
Z is
0]
_ﬂ.,.NH_. of ~—8—8g—; and

R" is hydrogen or alkyl having from 1 to 6 carbon atoms;
and pharmaceutically acceptable salts thereof.



According to a fourth aspect, this invention provides a conpound of
formula: R7 NH2 | C wherein Rl is hydrogen, R2-(NH)" N&8-FEebryarp2005
RJ-CGNHCH -NH- R2 is alkyl having from1l to 5 carbon atons, al kenyl
having from2 to 5 carbon atonms, or ,alkynyl having from2 to 5 carbon
atons; R14 is al kyl having fromlto 5 carbon atons; n isOorl; R' and R13
are each I ndependent|y hydrogen, al ky#bhaving 3 or 4 carbon atons, or

cycl oal kyl having 5 or 6 carbon atons or Rl Y and RL3 are both phenyl; R7
is O or NH R8 i s hydrogen or nethyl; 28 February 2005 -4d R9is r Rl is

hydr ogen or 2, 0r 3 .a Is NO Il
-r--NH or and é?ldmét(ﬁy ?88 ect’ﬂnsrnlu}eﬁ I%é@l%aaf?%uf]d?gggm %rbon atoms; and
pharmaceutical ly

I8
wherein
R'is hydrogen,
RZ—*(NH)""—E-*—NH——, or R
Rz—c-NH-CH-—E-NH— :

7, .
s alkyl having from 1 to 5 carbon atoms, alkenyl having from 2 to 5 carbon atoms, or
alkynyl having from 2.ta 5 carbon atoms;

R ig alkyl having from Ito 5 carhon atoms;
n isforl

6
is hydrogen, alky] having from 1 to 3 carbons, alkoxy having from 1 to 3 carbong

Pphenoxy, or hale;
R IsOor NH;

R is hydrogen or methyl;
R? i

TH WRi7 fHe (l} Hz

<DC©(ID



acceptabl e salts thereof. According to a fifth aspect, this invention also
provi des a conpound of the fornmula: Z R5 N || 28 Febr ua8fedpshy 2085 wher ei n
R is hydrogen, R2 --4No R14 R2 11 | GNHCHCNH--NH--, or R2 is alkyl
having from1 to 5 carbon atons, alkenyl having from2 to 5 carbon atons,
or alkynyl having from2 to 5 carbon atons; R 4 is alkyl having froml to
5 carbon atons; and nis 0 or 1, one %f-R3, R4, R5 and Rd is hydrogen,

hal o, al kyl having from1l to 3 carbon atonms, or alkoxy having fromlto 3
car bon atons, and the renai nder are hydrogen.. R7 is O or NH R8 is

hydr ogen or jh¢§9 s 28 February 20056 - 5 i r I CH | Rlois
hydr ogen or Fhygegengrwethik mis 0, 1, 2, or 3; Zis 0 11 G NH--- or

isOor 1;
m is0,1,2,0r3;and
Z is
[

—C—NH~— o —f—§— S
‘and

7. .
RY is hydrogen or alkyl having from I to 6 carbon atoms and pharmaceutically
dcceptable salts thereof,

According to a fourth aspect, this invention provides a compound of formula:

R’a/cﬁorﬁ m H\;JJ\N N‘Lﬂ/wz

l
u] RE O 0
NH

[H]

R R®
R? NH;
(o
wherein

R' ishydrogen,

Ra—-(NH).;-—H—NH-w-; or H Tw
R G-N H-CH*-*E—NH_

is alkyl having from 1 to 5 carbon atoms, slkenyl having from 2 te 5 carbon atoms, or

a]kynyl having from 2 to 5 carbon atoms;

* is alkyl having from 1 to 5 carbon atoms;

n isQorl;

R" and R™ are each independently hydrogcn, alkyl having 3 or 4 carbon atoms, or
cycloaliyl having 5 or 6 carbon gtoms or RY and RY are bath phenyl;

R’ isO or NH;

R® is hydrogen or methyl;

2



S-S-R' is hydrogen or alkyl having from!| to 6 carbon atoms, pref erably
methyl and phar maceutical |y acceptabl e salts thereof. 2BFE@SF4AMEPD a si xt h
aspect, this invention provides a process for the preparation of a
conpound of the formula: Amn Iﬁ m j), Q XlY and Z are as defect
inthe first to fifth aspects | by a) G- case where Zis -C(O-NH,

di ssol ving the appropriate unpurified |linear peptide in DM, adjusting to
an apparent pH of 8,0, by the addition of a tertiary am ne base and
treating with an a d¥ bond form ng reagent or b) in case where Zis -S- S,
di ssolving a purified |inear eptrde containing two appropriately
positioned cystein residues | agqueous O adjusting to pH 8.0 by
addi ti on of ammmoni um hydr oxi dgH-8Ad bubbl hg oxy en |n the solution. 28

as well as

:'-“

February 2005 -5a The conpoun s of for Ias I

pent a- eycl o( Asp- Lys) - Asp- Ape PR “ Lys-
Pent a- cydo( Asp- Lys) - Asp- Ape ) ahe ¥l - Trp- Lys-NH2 are
agonists of the MA-R It is no that -Ractivity cause

reducti on of footh°r1§ﬁglaeogh,pman e rmdel of human obesity. Therefore

t hese conpounds a SE in the treatnent or preventian of obesity.
According to a se nt‘f’u (arulpect, this invention provides a pharmaceuti cal
conposi tion conprinsiisylchapBemtls according to any one of the first to
fifth aspects and & it herapeutical inert carrier. According to an eighth
aspect, this invention_provides use of conpounds according to any of the
first to fifth aspectsjjfor the preparation of nmedi canents for the treatnent

and/ or prophyl axis of_Hi ases vvh are associated with

mel anocor ti n- 4- r ecept of Tivity, Accotaind® o a ninth aspect, this
i nvention provi des corrpounds according to any of the first to fifth
aspects for use era eutr ctive substances, particularly as

t her apeutic acti v Pﬂrf’ Eﬁ'coég "'f’ﬁgo't‘rléaﬁﬁe’ﬁ?“ oy ond peswissitisallys of
di seases whi ch acceptable salts thereof:

According toa fifth aspect, this invention also provides a compound of the formula:

T

© 2)p (CHom

O R? R /
L,
LY




are associated with nel anocortin-4-receptor. Al of th oun f
formulas | and Il exenplified below as well as Pent a-c?&j:oe{gpw%og

Lys) Asp- Apc- ( D) Phe- Al a- Tr p- Lys- NH2, and Pent a- cydo( Asp-L)rs)-Asp- Apc- (D) Phe
Arg- (2S,3S) beta nmethyl-Trp-Lys-NH2 were tested for MC4-R agoni st activity
and MClI-R agonist activity in the i n_zy%];ro assay described below in

Bi ol ogi cal Activity Exanple A. Al of the tested conpounds had an EC50 for
MZ4- R agoni st activity of less than 500 nM and all exhibited at | east
10-fol d greater MC4-R agonist activity than MC1-R agonist activity. In
contrast, the conpound .A C - whereinR'ij 2

Nl e- Cydo( Asp- Lys) - Asp- Hi s- (D) Phe- Ar g- Tﬁspﬁyﬂvéffnl\lﬁz P ‘d‘%ﬂtOFequal

MC1-R and MC44 . agoni st activities. Nonmenclature and reviations The
term"al kyl' means a straight chain or branched al kyl gnioup and the term
"l ower al kyl" denotes an al kyl group containing from|l %o 6 carbon iatons.

term"al kynyl" refers to a strai ffht chain gr branched al kynyl group. 28

~ February 2005 WO 02/ 18437 ng EP{I1/ 10630 H6 The term "al koxy" nmeans a
group of the formula al kyl - & GeNHeGHat-kgHNHs—as. defined above. The term

"phenoxy" neans a group of the fornula phenyl-O .’ Except where otherw se

speci fi . " l" xyefers _to_an unsubstituted phenyl ring and "phenoxy"
refers telgz lasr?ﬁg Eﬂn%ﬂlérﬁ?rf’ 18 ¢ Brhosptgmgalipyl Ievinigdrom 2 Shakiasn arems Soralkgheup

sel ect edlafsﬁmgﬁéﬂ:uab6,&%%&15-@19{51%]1?@55&?;5 The- ter m "pharmaceutjcally
accept abj e o??ﬂ "4df{§f erset0 those salt's |gg%8rrnelt %:asncat%ﬁ%n 5&6’1’%@‘?‘@% Oor i,
2 p r’f PECrogen;thalo, pikpdapimgdmornrl thiiearkasi goms)étiaifoxpr € not

ef fecti vene

bi ol ogi daiving feym 0 td18 bR atdtR{ G5! : sal.t,s are _forged. w t hs j norganic
aci ds suﬁ%?bas h\édr cgl g;j c aci ?H% CBrom arc iydrogens &t F%&?Q{I\ﬁ%i ﬁ Bnitric
acid, p PSP PEBEEN, B8 the i ke, and organi ¢ acids such as acetic acid,
10 propionic acid, glycolic acid, pyruvic acid, oxylic acid, maleic acid,
mal oni ¢ acid, succinic acid, fumaric acid, tartaric acid, citric acid,
benzoic acid, cinnam c acid, nmandelic acid, nethanesulfonic acid,

et hanesul fonic acid, p-toluenesulfonic acid, salicylic acid,
N-acetylcystein and the like. In addition these salts naybe prepared form
addition of an inorganic base or an

The term "al kenyl " nmeans a strajpght Ehai n.or branched al kenyl group. The



Wor ganiwc” baée tkrbwt hé f'rméé”é'ci d. Salts derived froman i lrzlgrﬁ%%m ¢ base

include, but are not linmted to, 15 the sodium potass rYamnm29RA

ammoni um cal cium nagnesiumsalts and the like. Salts derived from

organi ¢ bases include, but are not .-limted to salts of primary, secondary,

and tertiary am nes, substituted am nes including naturally occurring |
substituted am nes, cyclic amnes and basic ion exchange resins, such as |
i sopropyl am ne, trjnmethylam ne, diethylam ne, triethylamne, |
tripropyl am ne, etpanol am ne, | ygi ne, arginine, N ethylpiperidine,

pi peridine, 20 porphpe resins the |Iike. Conpounds of fornula I A are
represented as folJows: 28 Februpry 2005 02/ 18437 PCT/ EPOL/ 09630 -7_ | A
wherein Rl, R3, R4, R5, R7, R8, , R, R@H2X Y, Z, mand p are as above

and pharmaceutic aegept abl t-her\e\of. In the conpounds of formula
IA R and Rig tget th |
hydr ogen, R2 ( NH} N or %0 b
with either X and bei'ng each =F
doubl e bo%(? or with X and Y being each CH and the bond between X and Y
bei ng a si ©hixdiaekn Ls.al kyl having from1l to 5 carbon atons, al kenyl
havi ng from 2 tgmgbcaﬁgﬁﬁg{’gﬁé,ﬁo&k&H@%ﬂ&&@@;h&igi ng from2 to 5 carbon
atons; Riois alkyl having from1l to 5 carbon atons; and nis 0 or 1. R3,
R4 and R5 are independently @ydrogen, halo, alkyl having from1 to 4 carbon
atons, hydroxy, or al koxy ving from1l to 4 carbon atons; wherein when R4
is not hydrogen, R3 and R5 ate both h¥drogen. R is Oor NH R8 is
hydrogen :or nethyl. RO is h or—RB—+sShydrogen or nmethyl; pis
0 or 1; Egnilssg,dl, 2, or 3, Zis _
yarogen or alkyl having from [ o ¢ carbon atom

pharmaceutically acceptable sals thereof.

7

S, preferably methyl and

Accordi i is i i
ording to a sixth aspect, this invention provides a process for the

preparation of a
compound of the formula- p

R)\NHz
wheregn

1, pi2.
R'to R™; m, p, Q, X,Y and Z are as definedin the first to fifih aspects

by a)in i issolvi
by ) in case where Z s —C(0)-NH-, dissolving the appropriate unpurified linear peptide in

' - 8.0 by the addition of a tertiary amine base and
treating with an amide bond forming reagent or

b)in i i i
) in case where Z is ~5-8-, dissolving a purified linear peptide containing two

appropriately positioned cystein residues in aqueous DMSQ adjusting to pH 8.0 b
) -U by

addition of ammonium hydroxide and bubbling oxygen in the solution



0 Jl - C—I NH- - of .S S and RF7 is hydrdgen or | ower erably
met hyl PCT/ EP01/ 09630 The dotted bond in fornula IA caﬁg#%ﬂ?@? @Cg"nat ed.
When the dotted line is hydrogenated X and Y are both -CH. On the other
hand, when the dotted bond is present, Y and X taken together with R and

R12 do not forma phenyl ring, X andsyyare both the tetravalent C atons.
I n one enbodi nent of the compound of formula |A X and Y are each CH and

the bond 10 between X and Y is hydrogenated_to a ond 11 -
C--NH R7 i's fie damp@naaowaslmdéaswm Remsiep e A-A 5D I%Er;l;on
atons; and R 0 an Hrg-(2 3s)theltamaityie S

i ncl ude PlatBPAIST A?ngxeffg% Oqég)é%?%r}gﬁe VICl% (P ﬁé(‘lf’ Eyn anogﬁeﬁbon
pref e r ety RAdkiERabniot of i QR b a R7

S N R Do taoden e 28, FEb 3 o AR S, OBhc B chER cobfuids e Wefitin the

treatment or prevention of obesity.

According to a seventh aspect, this invention provides a pharmaceutical composition
comprising compounds according to any one of the first to fifth aspects and a

therapeutical inert carrier.

According to an eighth aspect, this invention provides use of compounds according to
any of the first to fifth aspects for the preparation of medicaments for the treatment
and/or prophylaxis of diseases which are associated with melahocortin~4—receptor

activity.

According to a ninth aspect, this invention provides compounds according to any of
the first to fifth aspects for use as therapeutic active substances, particularly as
therapeutic active substances for the treatment and/or prophylaxis of diseases which

- are associated with melanocortin-4-receptor.

All of the compounds of formulas I and Il exemplified below as well as Penta-cyclo(Asp-
Lys)-Asp-Apc-(D)Phe-Ala-Trp-Lys-NHz and Penta-cyclo(Asp-Lys)-Asp-Apc-(D)Phe-Arg-
(28,3S) beta methyl-Trp-Lys-NH; were tested for MC4-R agonist activity and MCI-R agonist
activity in the in vitro assay described below in Biological Activity Example A. All of the tested
compounds had an EC50 for MC4-R agonist activity of less than 500 nM, and all exhibited at
least 10-fold greater MCA-R agonist activity than MC1-R agonist activity. In contrast, the
compound A&Nle-Cyclo(Asp-Lys)—Asp-Hls-(D)Phe-Arg—Trp—Lys—NHg exhibited about equal
MC1-R and MC4-R agonist activities.

Nomendlature and Abbreviations

The term "alkyl" means a straight chain or branched alkyl group and the term “lower alkyl”
denotes an alkyl group containing from 1to 6 carbon atoms. The term "alkenyl” meansa
straight chain or branched alkenyl group. The term "alkynyl" refers to a straight chain or

branched alkynyl group.



R2 is al kyl; and RI o and R 2 are both hydrogen. In ano% enbo nt of
thecorrpoundof formula IAZis 011 5R7is NH Rl is "4 ~
R2 L;-NHCH--CNH R is alkyl; and Rio and R12 are both hydrogen

PCT/ EPO1/ 04630 In a nore specific enbodi ment, X and Y are each CH and the
bond bet weeywod2a8d7Y is 10 hydrogenated to a single bond¢rmpiiseddy and RO
I s Exanpl es of such conpounds i ncl ude:

Pent a- cycl o( Asp- Lys) - Asp- Apc- ( D) Phe- Are~ (2) NaIh Lz/;) NH|2 andNHZ I ]
enta-cycl o -Lyss) Apc- ( D) Phe- Ar.g- N- net Nal - Lys n anot her
ot e spaci 11 ¢ 1BRER MG BRASR 6 g e Al At Pniaihinh a5 s Gelinpd 15— -
C- - NH R7i sdNolyd=Ths te2fh "pleddokigt rnyeaa%om&?e/f&&ﬁﬁz helaﬁ-(RZ twhefe ddherwlde R2 1S
al kyl; andspg::}ig)eda‘ gxen he Tefels fo anolgnr}u@éguté%igp eyl %Qg an; pi:enoxy"ct'fers tg an

unsubstituted phenoxy group.
5 The term "halo" means a group selected from fluoxo, chloro, bromo, and iodo.

The term "pharmacentically acceptable salt” refers to those salts which\r;,tain the biological
effectiveness and properties of the free bases or free acids, which are not biologically or otherwise
undesirable. The salts are formed with inozganic acids such as hydrochloric acid, hydrobromic
acid, sulfuric acid, nitric acid, phosphoric acid and the like, and organic acids such as acetic acid,

10  propionic acid, glycolic acid, pyruvic acid, oxylic acid, maleic acid, malonic acid, succinic acid,
fumaric acid, tartaric acid, citric acid, benzoic acid, cinnamic acid, mandelic acid,
methanesulfonic acid, ethanesulfonic acid, p-toluenesulfonic acid, salicylic acid, N-acetylcystein
and the like. In addition these salts may be prepared form addition of an inorganic base or an
organic base to the free acid. Salts derived from an inorganic base include, but are not limited to,

15  the sodium, potassium, lithium, ammonium, calcium, magnesium salts and the like. Salts
derived from organic bases include, but are not limited to salts of primary, secondary, and
tertiary amines, substituted amines including naturally occurring substituted amines, cyclic
amines and basic fon exchange resins, such as isopropylamine, trimethylamine, diethylamine,
triethylamine, tripropylamine, ethanolamine, lysine, arginine, N-ethylpiperidine, piperidine,

20 polymine resins and the like.

Compounds of formula IA are represented as follows:



| PCT/EP01/09630 5 and R 7 is hydrogen or |ower alyl, Bé&fgrabI% &%thyl.
Such conpounds include those in which X and Y are each ®%ond
between X and Y is a single bond; and one of R3, R4 and R5 is hydrogen,
hal o or al kyl and the renai nder are hydrogen, for exanple

Pent a- cycl owbspndays) - ASp- Apc- (D) Phe- Arg- Trp- Lys- NH2i - Penp@r/kpoi/09630

cydo( Asp- Lys) - Asp-4- MeApc- (D) Phe- Arg- Tr p- Lys- NH2i

Pent a- cycl o( A u-Lys)-d u. -Apc 10 (D) PRe- Ar g- Tr p- Lys- NH2i

Pent a- cydo( Asp- Orn) - Asp- Apc- he- rp- O n-NH2; Pent a-
cycl o( Asp- Dbr) - Asp- Apc- he- Ar g- 'ijbﬁ\FQ\
Pent a- cycl o( As -Dp H Ar g- Tr p- Dpr - NiRH,)and

Ac- cycl o( Asp- - g- Tr p- Dpr - NH2. AFother specific

enbodi ment of t e/éonpounds of la | A, are thos¢ compounds in which X

and Y are each CHA and the bond en angsY ig§a(single bond; and R is
15 R (NHS NH ; w 0 one df R3,zR4 IS aIkJ?y, and the renalnder are

hydrogen; and n §is 0O forIexa Ie nt . NH,

cydo( Asp- Lys) - se¥ Qi . NEY i _

Pent a- cycl o( Af- Ly §) -2 Et - Phem v p- Ly S} NH2;~

Pent a- cycl o( Asp- Lyg -|Prcmgp (D rg-arp 20 Qys- NH2

Pent a- cycl o( Asp- Lys) - As - McOQApc- ( D) Phe- Ar g- Tr p- Lys- NH2i Penta-cydo(Asp-

Lys) - Asp- 4- OHApc- ( D) Phej Ar g- Tr p- Lys- NH2

Pent a- cydo( Asp- Lys) - 4- C1Apc- (D) Phe-ArlgTr p-Lys-NH2. 28 February 2005 WD
02/ 18437 -11 PCT/ EPO 6B0 Enbodi nent g7 ounds of formula | A include
t hose conpounds in each of R, , RRR"R5, R8 and R 0 is hydrogen;

R7 is NH RO. is &b fis gdrogen or |ower alkyl preferably methyl; 5 and
pis 0, for exanple cyclo(su00|n|c aci d-Lys)-succinic

aci d- Apc- (D) Phe- Ar g- Tr fi#*Lys- NH2, cydo(nal ei ¢ aci d- Lys) - makgi c

aci d- Apc (D) Phe- Arg- Trp- Lys- NH2i cycl o(succini c aci d-Dpr) -

wherein R, R>, R%, R, R”, R%, R®, R™, R, X Y, Z, m and p are as above and
pharmaceutically acceptable salts thereof.

In the compounds of formula IA, R' and R* together with X and Y form a phenyl ring; or
5 R'ishydrogen, R2——(NH), ﬁ NH—-, or

O

O Ri4

‘R%—C-NH-CH—C-NH—; and

R" is hydrogen, with either X and Y being each C and the bond between X and Y being a double
bond, or with X and Y being each CH and the bond between X and Y being a single bond; R* is
alkyl having from 1 to 5 carbon atoms, alkenyl having from 2 to 5 carbon atoms, or alkynyl
10  having from 2 to 5 carbon atoms; R™ is alkyl having from 1 to 5 carbon atoms; and nis 0 or 1.
- R’ R* and R® are independently hydrogen, halo, alkyl having from 1 to 4 carbon atoms, hydroxy,
or alkoxy having from 1 to 4 carbon atoms; wherein when R* is not hydrogen, R’ and R’ are both
hydrogen. R”is O or NH. R®is hydrogen or methyl. R’ is



succi ni ¢ aci d- Apc- (D) Phe- Ar g- Tr p- Dpr - NH2, cycl o(mal ei c | eic

aci d- Apc- (D) Phe- Arg-Trp-Dpr-NH2. In anot her enbodi rrenlz%g4 %f%yé%%ound of
formula A, R and R12 together with X and y* 10 fornma phenyl ring.

Exanpl es of such compounds include Cycl o(phthalic acid-Lys)-phthalic

aci d- Apc- ( ByvBhe1sdsg- Tr p- Lys- NH2; Cycl o(pht hal i ¢ aci d- Dpr pephpdiabdse

aci d- Apc- (D) Phe- Arg- Trp- Dpr-NH2| and
Ac- Nl e- cycl o( Cys- Cys) - Cys- Apc- ( D) Phe-#Ag- Tr p- Cys- NH2. Conpounds of fornul a
XB are represented by the formula: 15 28 February 2005 5 R (NH),, N 1, or
Ol | R4 R2R GNHCHCNHRz |s alkyl having from1 to 5 carbon atons,

al kenyl having from2 to 5 c ﬁon atom1 or aikynyl having from2 to 5
carbon atons. RGH4RE7 al kyl fig fromlto 5 carbon atons. Nis 0 or 1. R6
is hydrogen, alkyl having fr mlto 3 rbons al koxy having from1 to 3

Q_or \NH » hydrogen or nethyl. R9 is

car bons, phenoxyg._or-kal o;
10 or R1 i s hyg#ogg metyl‘ D, 1, 2, or 3; Zis O -(;
-NH or -SS; §n cP1’yro br ef erably net hyl and
phar maceuti cal | acctable sdal t s~ her eof . enbodi ment of the

conmpounds of fornula IB, i.e., conmpounds of forrmula IB1, v2is 0 11 15 WD
02/ 18437 1{“@-11}@?% g?ﬁ:%@lyi;plsa) orl;mis0,1,2,0r3, Zis

I

—C—NH— O

S + and

W

R" is hydrogen or lower alkyl, preferably methyl.

5 The dotted bond in formula IA can be hydrogenated. When the dotted line is
hydrogenated X and Y are both -CH-. On the other hand, when the dotted bond is present, Y
and X taken together with R" and R' do not form a phenyl ring, X and Y are both the tetravalent

C atoms.

In one embodiment of the compound of formula IA, X and Y are each CH and the bond
10 between X and Y is hydrogenated to a single bond; Z is

0
|
o C—NH—
R isO;R'is
0
- R2—C—NH—

R’ is alkyl having from 1 to 5 catbon atoms; and R'® and R are both hydrogen. Examples of
15  such compounds include Penta-cyclo(Asp-Lys)-Asp-Apc-(D)Phe-Cit-Trp-Lys-NHo,.

In another prefetred embodiment of the compotnd of formula IA Z is

—CG—NH—
R’ is NH; R' is hydrogen,



In the conmpounds of forrmula IB, R, is hydrogen, --- C_;; %H R7 b NH, R

i s 28 February 2005 WD 02/18437 -13 0 11 R2 G- NH-, R2 15FERM3IY 2988 and R 0
are each hydrogen; and RO is 5 and R 7 is as'above PCT/EP01/09630 In a nore
speci fic enbodi mnent of such conpounds of formula IBl1, RR is hydrogen or

al kyl . Exanmlemngfszsuch conpounds i nclude: Penta-cycl o( AveTieys)mds P
Appc- (D) Phe- Arg- Tr p- Lys- NH2;
Pent a- cydo( Asp- Lys) - Asp- 2- MeAppc- ( D) PHe= Ar g- Tr p- Lys- NH2i  Pent a- cycl o( Asp-

Lys) - Asp- 2-,i Pr Appc-. QLPPtgg-A'r\g,-Trp- ys- NER2;

Pent a- cycl (Aé -Lys)- = 3- MEAppc- ({D) Phe 1§ Arg-Trp-Lys-NH2; and

Pent a- cycl o( Asp- Lysll- Asp- 4- NEA@PCAE?Fi:_A I P-Lys-NH2. In another nore
speci fi c enbodi nent “of such conmpounds of fornula*IBl, R6 is halo. Exanples
of such c@ipelyysnd REbediR™ BebolrigMegeAsp- Lys) Asp- 4- Cl Appc- (D) Phe- Arg- Tr p-
Lys-NH2. In another nore specific enbodi nent of such conpounds of formula
I Bl, R6 is al koxy or 15 phenoxy. Exanples of such conpounds incl ude:

Pent a- cycl o( Asp- Lys) - Asp- 4- PhOQAppc (D) Phe- Arg- Tr p- Lys- NH2i and Pent a-

( Asp- Lys) - Asp- Braveteppmbodibpted tharcgmPoynd of forniiIA Zsnpounds of fornula 1C
are represented as follows: 28 February 2005 WO 02/ 18437 14 |

PCT/ EPO1/ 09630 H ﬁ

— C—NH—
R’ is NH; Ris
Ri4

I

RZ—C-NH-CH—C-NH— ;
R’ is alkyl; and R'® and R' are both hydrogen.

In a more specific embodiment, X and Y are each CH and the bond between X and Y is
10 hydrogenated to a single bond; n is 0; and R’ is

|
Cﬁz A
I

==
Examples of such compounds include: Penta-cyclo{Asp-Lys)-Asp-Apc-(D)Phe-Arg-
(2)Nal-Lys-NHj; and penta-cyclo(Asp-Lys)-Asp-Apc-(D)Phe-Arg-N-methyl(2)Nal-Lys-NH,.
In another more specific embodiment of the compound of formula IA, Z is

I

15 — C—NH—

R’ is NH; R'is



Rl R11 R3 ICIn the conpounds of fornula IC, R is hy %n or 14 9 R2
CNHCHGCNHS5 R2is alkyl having from1 to 5 carbon at ruarkel®? havi ng
from2 to 5 carbon atons, or al kynyl having'from2 to 5 carbon atons. R 4
~is alkyl having from1 to 5 carbon atons. nis 0 or 1, R° and R13 are each

i ndependent o émpassogen, al kyl having 3 or 4 carbon at ons pceyebimasdksyl having
5 or 6 carbon atons or R'" and R 3 are both phenyl; R is 0 or NHL R$ is
hydrogen or nethyl; RO is 10 r | CH210t Rl is hydrogen or methyl; pis O
or 1; mis O, 1, 2, or 3; and "Zis O 11 --CNH- or -S-S-; and 28 February
2005 WD 02/ 18437 - 15 PCT/ EP01/ 08830 BT Giyardensor | over al kyl |
preferably nmethyl and pharmaceutically accgptable salts thereof. 1In an
enbodi nent of the conpound of forrmula IC, the conpound of forrmula ICl, Zis
Ou- CGC NHRiIisNH R is

R? is alkyl; and R"®and R are both hydrogen; and R’ is

CH-R7

C

/4
a0

5 andR" is hydrogen or lower alyl, preferably methyl.

Such compounds include those in which X and Y are each CH and the bond between X
and Y is a single bond; and one of R, R* and R’ is hydrogen, halo or alkyl and the remainder are
hydrogen, for example Penta-cyclo(Asp-Lys)-Asp-Apc-(D)Phe-Arg-Trp-Lys-NH;; Penta-
cyclo(Asp-Lys)-Asp-4- MeApc-(D)Phe-Arg-Trp-Lys-NH,; Penta-cyclo(Glu-Lys)-Glu-Apc-

10 (D)Phe-Arg-Trp-Lys-NHy; Penta—cyclo(Asp-Orn)-As_p—Apc— {D)Phe-Arg-Trp-Orn-NHj; Penta-
cyclo(Asp-Dbr)-Asp-Apc-(D)Phe-Arg-Trp-Dbr-NHy; Penta-cyclo(Asp-Dpr)-Asp-Apc-(D)Phe-
Arg-Trp-Dpr-NH,; and Ac~cydo(Asp—Dpr) -Asp-Apc-(D)Phe-Arg-Trp-Dpr-NH,.

Another specific embodiment of the compounds of formula TA, are those compounds in
which X and Y are each CH and the bond between X and Y is a single bond; and R is

R2——(NH), ﬁ—"NH—;

15

one of R®, R* and R? is alkoxy, and the remainder are hydrogen; and n is 0, for example Penta-
cyclo(Asp—Lys)-Asp-é—MeOApc—(D)Phe~Arg—Trp-Lys—NH2; Penta-cyclo{Asp-Lys)-Asp-4-
EtOApc-(D)Phe-Arg-Trp-Lys-NHp; Penta-cyclo(Asp-Eys)-Asp-4-iPrOApc-(D)Phe-Arg-Trp-
20 Lys-NHj; Penta-cyclo(Asp-Lys)-Asp-3-MeOApc-(D)Phe-Arg-Trp-Lys-NHa; Penta-cyclo(Asp-
Lys)-Asp-4-OHApc- (D)Phe-Arg—Trp-Lys—NHz, and Penta—cyclo(Asp Lys)}-Asp-4-ClApc-
(D)Phe-Arg-Trp-Lys-NH,, |



05R G NH R2is alkyl; Rs and R10 are each hydroge 1 CH In
~one nore specific enmbodi ment of such conpounds of forHﬁ%f%Qﬂ@W39®5of R'
and R 3 is alkyl or cycloalkyl and the other is hydrogen. Exanples of such
cl ai ms include: Penta-cyclo(Asp 10 Lys)-Asp- Achc- (D) Phe- Arg- Tr p- Lys- NH2i
and Pent a- cyed ef8sp- Lys) - Asp- Abc- (D) Phe- Arg- Trp-Lys- NHpcr/eBoi@agbher nore
speci fi c enbodi nent of such conpounds of fornmula ICl, one of R" and 1 is
phenyl and the other is hydrogen or pAknyl. Exanples of such conpounds

i ncl ude Pent as 1l o Lys 4- Adpc ) Phe- Ar g-Tr p- L, A5 I'n
one enbodlnenFH§¥&FW'&Ag§ﬁH%W%&H§% BW#ﬁgén??é ﬁ%ceanwgﬁh 6&Ehﬂ% 1A,
Z is 0 11 R°®,RN\R® &id B'Sis hgdrogdms Ris WERRDS WO 02/ 18437 PCT/ EPOl/ 09630 -16 0
11l R2-C NH R2 is alkyl; R3, R4, RS, R$ and R1O are each hydrogen; R6 is

hydr ogen, hal o, alkyl having from] to 3 carbon atons, or al koxy having
froml to 3 carbon 5 atonms; RO ip and R7 is as above.

CH-R"7

and RY is hydrogen or lower alkyl preferably methyl;

5 andpis 0, for example cyclo(succinic acid-Lys)-succinic acid-Apc-(D)Phe-Arg-Trp-Lys-NH,,
cyclo(maleic acid-Lys)-maleic acid-Apc-(D)Phe-Arg-Trp-Lys-NH,, cyclo(succinic acid-Dpr)-
succinic acid-Apc-(D)Phe-Arg-Trp-Dpr-NHy, cyclo(maleic acid-Dpr)-maleic acid-Apc-(D)Phe-
Arg-Trp-Dpr-NH,.

In another embodiment of the compound of formula IA, R* and R together with X and Y
10 form a phenyl ring. Examples of such compounds include Cyclo(phthalic acid-Lys)-phthalic
acid-Apc-(D)Phe-Arg-Trp-Lys-NHy; Cyclo(phtbalic acid-Dpr)-phthalic acid-Apc-(D)Phe-Arg-
Trp-Dpr-NHj; and Ac-Nle-cyclo(Cys-Cys)-Cys-Apc-(D)Phe-Arg-Trp-Cys-NHa.

Compounds of formula IB are represented by the formula:

=5 R7 NH,

15



I n one enbodi nent of the conmpounds of fornula I1-A, asg%trs ri be% n the
preceding 10 paragraph, R7 is NH. In a nore specific 5R7 is NH
and R6 is hydrogen or al kyl. Exanples of such conpounds i ncl ude:

Pent a- cycl o( Asp-Lys) - Asp- (D, L) - At c- (D) Phe- Arg- Trp- Lys- NH2i

Pent a- ( Asp- s)2/188p- 5- Me- (D, L) At c- ( D) Phe- Ar g- Tr p- Lys- NH2 pcPepdidedsds p- LysS) -
Asp-5-Et-(D, L)Atc- (D) Phe- Arg-Trp-Lys-NH2; and

Pent a- (Asp- Lys) - Asp- 5- iPr-(D L) At c- (DRPhe- Arg-Trp-Lys-NH2. 15 In anot her

speci fic enbodingnt of t mpound @f formula I1-A, R7 is NHand R6 is
hal 0. Exanpl ez“ Cg{?&’ﬁ“%‘gﬁgg’ﬁfﬂﬂlém RetitRpdrogen,

Pent a- (Asp- Lys) - Asp- 5-Br At c- (D) Phe- Arg- Tr p- Lys-NH2i and
Pent a- (Asp- Lys) - Asp-5-Cl At c- (D) Phe- Arg- Trp-Lys-NH2. I n another specific
enbodi nent of the conpound of formula HHA R7 is NH and R6 is al koxy.

Pent a- (Asp- Lys) - Asp- 5- MO ( D L)H@%@bﬁ;
20 Asp-5-Et O (D, L) Atc- (D) Phe-Arg-Trp-Lys-
Pent a- (Asp-Lys)-Asp-5-i PrO (D, L) Atc- (D)Phg- Arg-Tar p-Lyss-NH2. Anot her

enbodi mnent of the conpounds of fornula H are those conpounds of fornula [I
inwhich Z, RLto R5 and R2 to RIR are as described above,» R7 is 0 and R6
is halo. Exarrpl es of 28 February 2005 WO 02/18437 PCT/ EP01/ 09630 -17 such
conpounds incl ude: Penta-(Asp-Lys)- Asp 5-BrAtc- (D) Phe-Cit-Trp-Lys-NH2; and
Pent a- (Asp-Lys)-Asp-5-C Atc- (D)P n? RgTLys-NHZ. I n anot her enbodi nent

oun

of the compound of fornula 11 of formula Il-B are 5 those
conpounds where Zis -S S 1 (NH)S NH, or R2
CNHCH---CNH+ OR3, R4, R5 CaNH-CFu—aT@—I\&h-c-rf hydrogen: R6 is hydrogen
or halo;. R7 is NH, and RO is 10 and R 7 is as above. Exanples of such

co rrpo unds ROs aik?f IHQ’&:{% fioki Prd AGIMIS atoms, a]ﬂl,nyl h%n%%%’f to@lcal)bo%toms, or alkynyl
having from 2 to 5 carbon atoms. R"is alkyl having from Ito 5 carbon atoms. N is 0 or 1. RSis

hydrogen, alkyl having from 1 to 3 carbons, alkoxy having from 1 to 3 carbons, phenoxy, or halo;
R’isOor NH. R¥is hydrogen or methyl. B’ is

b

0-C0-C0

R is hydrogen or methyl; pisOor 1, mis0,1,2,0r3; Zis

—C—NH— or S S - and

’

H-R17 THz

Z&O_O —

10

R" is hydrogen or lower alkyl, preferably methyl and pharmaceutically acceptable salts thereof.

In an embodiment of the compounds of formula IB, i.e., compounds of formula IB1, Z is

15 —C—NH ;

R is NH; R is

NR=Lygr NH2i  Pent a- (Asp-Lys) -



(D, L) At c- (D) Phe- Arg- Tr p- Cys- NH2i and

Pent a- cycl o( Cys- Cys) - Oys-5-Br (D, L) At c- (D) Phe- Arg  Tr p- @Pd-atgary 24p%
invention also provides the foll ow ng conpounds:

Pent a- cycl o( Asp-Lys) - Asp- Apc- 15 (D) Phe=" Al a- Tr p-Lys- NH2; and

Pent a- cycl owksnmsss) - Asp- Ape (D) Phe-Arg-(2S,3S) beta nepbykeoifobsshys- NH2.
The nonencl ature used to define the peptides is that typically used in the
art wherein the amno group at the NIBerm nus appears to the left and the
carboxyl group at the Cternminus appears to the right. By natural am no
acids is nmeant gone of the turally occurring am no acids 20 found in
proteins, i.e., Ay, Ala, V4|, Leu, Ile, Ser, Thr, Lys, Arg, Asp, Asri,
AQu, dn, Cys, Mt, PheRIyy—MNmo—,Trp, and H s. Were the am no acid has
isoneric forms, it is the L formof the amno acid that is represented
unl ess ot hgrw_s xpligitly indicated. 28 February 2005 WO 02118437

PCT/ EPO1/ G%G%@‘K;fgmgﬁfaﬁﬂ@@w?ﬁ@gﬂﬁw@mzﬁti ons or symbols are used to
represent am no acids, protecting groups, solvents, reagents and the |ike.
5 Synbol D-Ala (2)-Nal Atc 5-BrAtc 10 5-CIAtc 5-MQAtc 5-EtQAtc
"5-iPrOAtc 5-MeAtc 15 5-EtAtc 5-iPrAtc 5-DmaAtc RN

CH-R17
G
0

In a more specific embodiment of such compounds of formula IB1, R® is hydrogen or
alkyl. Examples of such compounds include: Penta-cyclo(Asp-Lys)-Asp-Appc-(D)Phe-Arg-Trp-
Lys-NHp; Penta-cyclo(Asp-Lys)-Asp-2-MeAppc-(D)Phe-Arg-Trp-Lys-NH; ; Penta-cyclo(Asp-
Lys)-Asp-2-iPrAppc-(ID)Phe-Arg-Trp-Lys-NH,; Penta-cyclo(Asp-Lys)-Asp-3-MeAppc-(D)Phe-

10 Arg-Trp-Lys-NHz; and Penta-cyclo(Asp-Lys)-Asp-4-MeAppe-(D)Phe-Arg-Trp-Lys-NHo.

5 andRY is as above

In another more specific embodiment of such compounds of formula IB1, R® is halo.
Examples of such compounds include Penta-cyclo(Asp-Lys)-Asp-4-ClAppc-(D)Phe-Arg-Trp-
LYS-NH?,.

In another more specific embodiment of such compounds of formula IB1, R® is alkoxy or
15  phenoxy. Examples of such compounds include: Penta-cyclo(Asp-Lys)-Asp-4-PhOAppc-
{D)Phe-Arg-Trp-Lys-NH,; and Penta~ {Asp-Lys)-Asp-3-MeO-Appc-{D)Phe-Arg-Trp-Lys- NH;.

Compounds of formula IC are represented as follows:

-



DBr DPr 20 Sar Cit Apc 4-HOApc Meaning beta-Al ani
(2) - Napht hyl al ani ne  2-Arni notetral i ne-2 carboxylic acid February 2005
5- Bronp- 2- am not etral i ne-2-carboxylic acid
5-Chl oro-2-am notetral i ne-2-carboxylic acid
5- Met hoxy- 2waxnneat et ral i ne- 2- carboxylic acid PCT/EP01/09630
5- Et hoxy- 2-am notetral i ne-2-carboxylic acid
5- | sopr opoxy- 2- ani not etral i ne- 2-car boxlsil ic acid
5-Met hyl - 2-ami notetral ine-2-carboxylic acid
5-Et hyl - 2-am notetrali &

5- 1 sopropyl - 2-am nop€tral i ne-2-carboxylic acid

5- Di net hyl am no- 2-4m not et ral i ne- 2/ax boxylic acid D@ di am nobut anoi c
acid D-2,3-di am f&fpdopi oni ¢ add |ne(|\|-rrethylgl ) Gitrulline i
j28 February 2005 WO

1 =Am no- 4- phenylgydohexane-| - car Noxyfi ¢ aci d
42/ 15437 PCT/ EPOl/(;09634H ' 5 \JJ\
~ N )
R1 H
H =

1- Ami no- 4- (4- hydr dxyphenyl ) cycl ohg
Rt Ri8

5 R is alkyl having from 1 to 5 carbon atoms, alkenyl having from 2 to 5 carbon atoms, or alkynyl
having from 2 to 5 carbon atoms. R™ is alkyl having from 1 to 5 carbon atoms. nis 0 or 1, R
and R" are each independently hydrogen, alkyl baving 3 or 4 carbon atoms, cycloalkyl having 5

or 6 carbon atoms or R'' and R" are both phenyl; R” is O or NH; R® is hydrogen or methyl; R®
is '

CHz

. $0-00 T

R s hydrogen or methyl; pisOor I; m is 0, 1, 2, or 3;and Z is

H-R17 %)Hz | ]

\ca——o-—

—C—NH— o©f S S—; and



-19 4-McQApc  3-MeOApc  4-EtQApc  4-i PrQApc 5 4- MeApc _4-d Apc C
2-MeAppc  2-i ProAppc 10 3-MeAppc 3- MeOAppc  4- MeAppc Zﬁ-FebWZQ&Pthppc
15 Achc Adpc Abc 3-Anmb 4-Anb 20 2- Aba Bu: Penta Fnoc
1- Am no- 4- (4- met hoxyphenyl ) cycl ohexane-1| - car boxylic acid
1- Am no- 4- (go®hk@xyphenyl ) cydohexane-| - carboxylic aci d pcrmror/oo63o
| - Am no- 4- (4- et hoxyphenyl ) cycl ohexane-| - car boxylic add
1- Ami no- 4- (4-i sopropoxyphenyl ) cycl ohexane- 1-carboxylic add "I, N
1- Am no- 4- (4- et hyl phenyl ) cycl ohexane-| - car boxylic acid
R" is hydrogen or lower alkyl, preferably methyl and pharmacentically acceptable salts thereof.

In an embodiment of the compound of formula IC, the compound of formula IC1, Z is

o)

—C—NH—
R7isNH; R'is

o}

|

RE—C—NH—

R? is alkyl; R® and R'® are each hydrogen; and R’ is

CH,

|
e}

In one more specific embodiment of such compounds of formula IC1, one of R' and R is
alkyl or cycloalkyl and the other is hydrogen. Examples of such claims include: Penta-cyclo(Asp-
10 Lys)-Asp-Achc~(D)Phe-Arg-Trp-Lys-NHj; and Penta-cyclo{Asp-Lys)-Asp-Abc-(D) Phe-Arg-
Trp-Lys-NH,. :

In another more specific embodiment of such compounds of formula IC1, one of R and
R* is phenyl and the other is hydrogen or phenyl. Examples of such compounds include Penta-
cyclo(Asp-Lys)-Asp-4-Adpc-(D)Phe-Arg-Trp-Lys-NH,.

P

15 In one embodiment of the compound of formula II, the compound of formula ITA, Z is
[
- C......... NH'-'_. ?

R'is



1- Am no- 4- (4-chl or ophenyl ) cycl ohexane-| - car boxylic aci
TAmM no- | - phenyl pi peri di ne-4-carboxylic acid

4- Am no- 1- ( 2- net hyl phenyl ) pi peri di ne- 4- car boxylic acid
4- Ami no- 1- (2-1 sopropoxyphenyl ) pi peri di ne-4-carboxylic acid 4-Amno- 1-(3
- met hyl phenwq gviperi di ne- 4- car boxylic acid PCE/EPG1/09630

4- Am no- | - ( 3- met hoxyphenyl ) pi peri di ne- 4-car boxyl i ¢ add

4- Ami no- 1- (4- nmet hyl phenyl ) pi peri di ne--46éecar boxylic acid

4- Am no- | - (4-chl or ophenyl ) pi peri di ne- 4- car boxylic acid

4- Am no- 1- (4- phenoxyphenyl ) pi peri di ne- 4- car bgxylic acid

1-...Am no-4-cycl ohexyl cycl ohexane-1 -carboxylic acid

1- Ami no- 4- di phenyl cycl ohexane-| - car boxyl Re—agi-dpL=-Ar ni no-4-tert

but yl cycl ohexane-1 -carboxylic acid 3-Am nonethyl benzoic acid

4- Ar ni nor ngt hyl . benzoic acid 2-Am nobenzoic'acid Butyl pentanoyl

9- Fl uorengaf hﬁﬁngycar bonyl 28 February 2005 WO 02/ 18437 PCT/ PPOL/ 09630 - 20
Pt 2,2,5,7, S Pentanetthyl chroman-6-sul fonyl Trt Trityl (triphenyhuethyl)
CH2C12 I\/EtR;hR SRIeRbANAR'] ate cacEHp@Ngdcet oni trile s DVF Di met hyl f or znani de
DIPEA N, N-Diisopropylethylamne TFA Trifluoroacetic acind HOBT

N- Hydr oxy e 429lfos&2 RAIE, alkyl having from 1 to 3 carbon atoms, or alkoxy having from 1 to 3 carbon
5 atoms;

A ,
%8 February 2005

R%is

o)

In one embodiment of the compounds of formula II-A, as described in the preceding
10 paragraph, R is NH. In a more specific embodiment, R’ is NH and R® is hydrogen or alkyl.
Examples of such compounds include: Penta-cyclo(Asp-Lys)-Asp-(D,L)-Atc-(D)Phe-Arg-Trp-
Lys-NH;; Penta-(Asp-Lys)-Asp-5-Me-(D,L)Atc-(D)Phe-Arg-Trp-Lys-NFH,; Penta-(Asp-Lys)-
Asp-5-Et-(D,L)Atc-(D)Phe-Arg-Trp-Lys-NH; and Penta-{Asp-Lys)-Asp-5-iPr-(D,L)Atc-
(D)Phe-Arg-Trp-Lys-NH,.

and RY is as above.

15 In another specific embodiment of the compound of formula II-A, R” is NH and RS is halo.
Examples of such compounds include: Penta-(Asp-Lys)-Asp-5-BrAtc-(D)Phe-Arg-Trp-Lys-NHy;
and Penta-(Asp-Lys)-Asp-5-ClAtc-(D)Phe-Arg-Trp-Lys-NH,.

In another specific embodiment of the compound of formula IT-A, R” is NH and R®is
alkoxy. Penta-(Asp-Lys)-Asp-5-MeO- ~(D;L)Atc-(D)Phe-Arg-Trp-Lys-NH,; Penta-(Asp-Lys)-
20 Asp-5-EtO-(D,L)Atc-(D)Phe-Arg-Trp-Lys-NHy; Penta- (Asp-Lys)-Asp-5-iPrO-(D,L)Atc-
(D)Phe-Arg-Trp-Lys-NHo. ‘

Another embodiment of the compounds of formula If are those compounds of formula I1
in which Z, R' to R> and R® to R™ are as described above, R” is O and R®is halo. Examples of



DIC N, N -Diisopropylcarbodiimde to BOP

Benzot ri azol - 1- yl oxy-tri s- (di met hyl ani no) phosphoni um REFELIYAY 8B%dsphat e
PyBroP Brono-tris-pyrrolidino-phosphoni um hexaf | uorophosphate HBTU

2- (1H Benzotriazole-1-yl)-1,1, 3, 3-tetramet hyl uroni um Hexaf | uor ophosphat e

15 FAB- M5 F&gd o2akfm bonbar dnment mass spectronetry ES- MSpErRSd1/00SPr ay Nnass
spectronetry Setting forth the substituted am no acid, in parentheses

i ndi cates anal ogs of the peptide segugnce. Derivatization of the
N-term nal amno group, is indicated to the left of the N 20 term nal

substi t ut i sseh cosmoapdaindudsyPenth(Ashdivs)-Abheht Bidtc-(D)Bhe-Eitakrptlys-NHy; and Penta-

Ac- Hi s- (D) 108 Qsd B5RIA; P2 Aghh- .a peptide having an am no acid
'sequence i@mﬁhﬁ%h gn acgig? gr&%gg%gﬁiggén substituted for hydrogen at the
N-term nus. The suffixes "-OH" and "-NH2" follow ng the hyphen or the
parent heses refer to the free acid and am de forns of the pol ypepti de,
respectively. The |inear peptides, used as the precursors for the present
represent at i vén aunthrs embedimant of theZompoynslad farypulyih threompednd of farnpuli Hehure
conventgomseggﬂgg‘%ﬁhérgzig_@%_for mation of a peptide 28 February 2005 WD
02/ 18437 PCT/ EPO1/ 09630 -21 Iinkage bet ween am no aci ds. \Such conventi onal
procedures include, for exanple, any solution phaa% prQcedure permtting a
condensati on between the free al pha am no groi% of y'an dﬁino acid or

resi due thereof having its carboxyl group or her | r eac}|i ve groups
protected and ®his Réee(NHwarGTa L o Bup-GNHaBbtrtreC-Nmo; aci d or

resi due thereof having its amjno group or other 5 reactive groups
protected. The process for sygthesizing the |inear peptides maybe carried
out by% a procedure whereby each amno acid in the desired sequence is
added one at i I Ny, succession tgo.anot her am no_.acid or residue thereof
or by a ergc%ﬁ%iB%‘éﬁye yrggens ﬁgﬁﬁﬁﬁpge%f{lﬁlot Res¥Siapdd ami no aci d
sequence are first synthesized conventionally and then condensed to provide
t he desirddipepti de. 10 Such conventional procedures for synthesizing the
precursor linear peptides include for exanple any solid phase peptide
synthesis nethod, In such a nethod the synthesis of the novel

CH-RY7

e

10 and RY is as above.

Examples of such compounds of formula I1-B include: Ac-Nle-cyclo{Cys-Cys)-Cys-
(D,L)Atc-(D)Phe-Arg-Trp-Cys-NHy; and Penta-cyclo(Cys-Cys)-Cys-5-Br(D,L)Atc-(D)Phe-Arg-
TIP—CY S-NHz.

This invention also provides the following compounds: Penta-cyclo(Asp-Lys)-Asp-Ape-
15 (D)Phe*Ala-Trp-Lys-NHj; and Penta—cYclo(Asp—Lys)-Asp—Apc—(D)Phe-Arg—(25,38) beta
methyl-Trp-Lys-NH,.

The nomenclature used to define the peptides is that typically used in the art wherein the
amino group at the N-terminus appears to the left and the carboxyl group at the C-terminus
appears to the right. By natural amino acids is meant one of the naturally occurring amino acids

20 found in proteins, i.e., Gly, Ala, Val, Leu, I, Ser, Thr, Lys, Arg, Asp, Asn, Glu, Gln, Cys, Met,
Phe, Ty, Pro, Trp, and His. Where the amino acid has isomeric forms, it is the L form of the
amino acid that is represented unless otherwise explicitly indicated.



conpounds can be carried out by sequentially incorpora t he %ﬁ%gred
am no acid residues one at a tine into the grow ng pe%@ Lryany ccordlng
to the general principles of solid phase nethods [Merrifield, R B.,

Amer. Chem Soc. 1963, 85, 2149-2154; Barany et al.. The peptides, 15

Anal ysi's, Sweidggss and Biology, Vol. 2, Gross, E and Mpippprb&te J.. Eds.
Academ c Press 1-284 (1980)]. Common to chem cal syntheses of peptides is
the protection of reactive side chainlgroups -of the various am no acid
noieties with suitable protecting groups, which will prevent a chem cal
reaction fromoccurring at that site until the protecting group is
ultimately removed. Usually 20 al so common is the protection of the al pha
am no group oﬂaﬂaﬂ%@ﬂ:ﬁ@hﬁoﬂﬁ olf SyBBOR Bfe udd tb fephrBiakt anfhd ddid4, préR&ing at the
car boxyl group, .followed sel ective renoval of the al pha am no
protectlngglr gﬁg‘ﬁﬁﬂ“ﬁg?ﬁﬁ%ﬂ equent reaction to take place at that
site. While specific protecting groups have been disclosed in regard to
the solid phase synthesis nethod, it should be noted that each am no acid
can be protected by an protective group conventionally used for the 25
respects v@y@apslno aci d i n Mehitfd on phase synt hesis. Al phaxam no groups maybe
protected by a suitable protecting group selected from aromatic

ur et hane-type protecting gr oups, such as benzyl oxycarbonyl (Z) and
substltutg benzyloxyca#ﬁ €uch as p-cbl orobenzyl oxycar bonyl ,

p- ni trobenzyl oxycar bonyl, p- bronDbenzonxycarbonyI,
p-biphensz}NﬂpropoxycarnmhmhmuaﬂﬂhMﬁéenylnethoxycarbonyl (Frmoc) 30 and

p- met hoxybenzyl oxycar bonyl (Mz); aliphatic urethane-type protecting
groups, s as t- butyl Q¥ e. opr opyl met hoxycar bonyl ,
isopropox%%grbonyl and 9§¥%ﬁ nyca?%gﬁékmm é%ln Fnoc is the nost
preferred f alpha am naQ otectlon 28 February-2005 WO 02/ 18437
PCT/EPOl/éd%é@ 22 Quani dr -brubeglietridy a suitable
protecting group sel ected fron1n|tro p- tol uenesul fonyl (Tos), Z,
pentanﬁlhﬁﬂﬂh&on&nesulfoﬁﬂﬂd@ﬁhﬁ%nﬁmwmﬂmmmbyhbmmﬁamﬂmnyI, and Bor. Pnt is
the nost preferred for arginine (Arg). Al solvents, isopropanol (i ProH),

met hyl ene solid@4ide ( CH2 ChQ e din Bl BN JtaF IR '%bé’ﬂﬁl and

N- net hyl pyrrol i di none (NVP) wer’e purchas rom sher or Burdick & Jackson

and were wi t hout additjonal distill, i fl.uoroacetic acid was
pur chased g?h&(g% %—ﬁthoxy i ammnotetraline- -C&IbOXYilC ach

5-iPrOAtc 5-Isopropoxy-2-aminotetraline-2-carboxylic acid
5-MeAtc S-Meth.yl-z-aminotetaline-z-carboxylic é.cid
15 5-EtAtc 5-Ethyl-2-aminotetraline-2-carboxylic acid

5-iPrAtc 5-Isopropyl-2-aminotetraline-2-carboxylic acid
5-DmaAtc 5-Dimethylamino-2-aminotetraline-2-carboxylic acid
DBr | D-24-diaminobutanoic acid
DPr D-2,3-diaminopropionic acid

20 Sar Sarcosine (N-methylglycine)
Cit Citrulline LT
Apc 1-Amino-4-phenylcyclohexane-1-carboxylic acid

4-HOApc 1-Amino-4-(4-hydroxyphenyl)cyclohexane-1-carboxylic acid



Hal ocarbon or Fluka and used w thout further purificati
Di i sopropyl carbodiinide (DIC and diisopropylethylamlégqu¥@¥¥0%%s
pur chased from Fl uka or Al drich and used w thout further purification.
Hydr oxybenzotri azol e (HOBT) di methyl sul fide (DVS) and 1, 2-ethanedithiol 10
(EDT) were @wegshased from Signma Chenical Co. and used W pbpegboifobsh her
purification. Protected am no adds were generally of the L configuration
and were obtained conrercially from-Baehem Advanced ChenTech, or
Neosystem Purity of these reagents was confirmed by thin |ayer
chr omat ogrfaR9APAVR and nihmiirryd-bimsthopyphonylcrclehsmaneHeazboxgliodeni ne resin
(BHA) was a copol yner of styrene - 1% divi nyl benzene (100-200 or 200-400
mesh) obt @i-MedAps om 15 Baphﬁﬂﬁ@&-(ﬁd—)é&ﬁﬁﬁiﬁa?ﬁyﬂlﬁfeﬁaneﬁo&amoxyﬁgarcﬂgen cont ent

of these resins were generally between 0.3 - 1.2 neglg. Hi gh performance
l'i quid chryg raphy (HPLG) .was e n LDC.appar at us . consi sting
of Cbnsta#ggg%ggl and IIIf%%ﬁ%§?(%gégﬁﬁﬁgﬁpaﬁgiﬁgPeéégggﬁﬁmﬁFggranner and
m xer, and_a Spectrononitor |11 variable wavel ength UV detector

Anal yti cal*PE4Pas per f olAEg-fr(£Boprepespeanyhersioberrperd-carbondic widac C18
colums (0.4 x 30 cn). Preparative HPLC separations were yun on Vydac

col umss (2-Me&& cn). The 1-Answu-4-0&pictiybhenydtr]dbesineriahthoxplicepidr ed usi ng
solid phase synthesis by the method generally described by Merrifield, [J.
Amer . Che ., 1963, 8 _g%@ﬂ__ \ i yal em ca
synthesisqino & in the a?% cou %(%gﬂﬁgggﬂﬂgaggéﬁ?§%§f§%° n%?%%ed. Solid 25
phase synthesis is commenced fromthe Ctermnal end of the peptide by
coupl ing &PBfotected al phéanina-hehenylpiperiding-4earhoxfic@cidesi n. Such a starting
material can be prepared by attaching an al pha-am no-protected am no acid
by an est @MeAppkage t o a pAémezI Dmetinlphstyl)alpendiab-4(Mbogylic aciési n, or by an
am de bond between an Fnoc- Li nker, such as p-[(R -

S) - u- [ - (2EpfJadpE en- 9- Y1 )4 Amino-1-(24 h iperidine-4- ic agi
met hoxyf or mam E’fg] 22, 4- di et Iy oy b e R PFIRenypiperidine- 4 carboic 364k 1 nker)

toa 30 b hydryl am ne (BHA). resjn. .PreparatiqQn of the hydroxynmethyl resin
is wel Okggéﬁ%ﬂﬁ t he artfEAﬁéﬁ5§i£Fﬁﬁ@#£%HhPﬁﬁg eéﬂﬁgﬁ aaﬁe comercial ly
avai l abl e and generally used when the desired peptide being synthesized
has an unst¥e@Appgt ed ani deAming-hé3-@etheryphenpd)pipSridine-4tdacboggivpodnds of t he
present invention are cyclic peptides, prepared by the formation of a

| act am or 4avigippd! f i de bondapfiher _gg%§$%¥§§%ﬁyﬁyﬁng@gﬁﬂﬂgﬂkgﬁg assenbl ed so

as to 28 February 2005 WO 02/ 18437 9630
» 4-ClAppc 4-Amino-1-(4-chlorophenyl)piperidine-4- cz-ﬂ-boxy]ic acid
- 4-PhOAppc 4-Amino-1-{4-phenoxyphenyl)piperidine-4-carboxylic acid

15  Ache ~ 1-Amino-4-cyclohexylcyclohexane-1-carboxylic acid
Adpc 1-Amino-4-diphenylcyclohexane-1-carboxylic add
Abc 1-Amino-4-tert-butylcyclohexane-1-carboxylic acid
3-Amb, 3-Aminomethyl benzoic acid
4-Amb 4-Aminomethyl benzoic acid

20 - 2-Aba Z-Alrﬂno_henzoic"gcid
Bu Butyl
Penta pentanoyl

Fmoc 9-Fluorenylmethoxycarbonyl



-23 place suitable amno acids or mnetics carrying th ropri si de
"chain residues in positions in the |inear peptidestha?a?%%"ﬁﬁ¥?ﬂ%fely be

- induced to undergo an intranol ecul ar am de bond or disulfide bond
formation. The |l actans are-forned through the coupling a side chain am no
functional i twohs@7 C-term nal am no acid residue with a gosipdeean boxylic
acid residue, while the 5 disulfide bond is forned through the oxidative
coupling of two cysteine residues appédpriately incorporated at the
C-termnal, and at or near_ the N-term nus of the precursor |inear peptide.
For exampF®€ in the prep@rar{Shegrmethdchrgmenérsyonyldes, in the precursor

| i nNAr " pent apeptides the N-cap can be used as a tenplate to incorporate a

- carboxyl desidue, e.g. stTdigi{wipkenflmahyl) n the case of hexapeptides, the
peptide is designed such that the N-term nal am no acid residue is chosen
10 from owpref, the am no MghflsecRBti@ Ning a suitably protected side chain
carboxylic acid group, eg aspartic acid, glutamc acid. In the |inear

hept apepti des, ether aspartic acid or glutamc acid are incorporated as

t he penul t+ resi due f N-termnus. In all the precursor |inear
peptides, i.e., the hepta- hexa- and pentapeptides, the Gtermnal residue
i's chosenpiMom natural  QFimidibPRdHagldeam no aci d bearing a suitably
protected basic side chain residue, capable of form ng 15 a am de bond when
depr ot ect for exanpl e ine, ornjthine, 2,3-diam nopropanoic acid, 2,4-
di am nobutanat ¢ aci d. TorkﬁﬁhP%wE§?Fﬁgr ftide containing a disulfide bond,
where the precursor is a linear hexapeptide, the peptide is designed such
that an aggﬁopriately S- Priflpersecstic ejdt ei ne residue is incorporated as both
the C and NNterm nal residues, while if the precursor is a |linear

hept apept EDBTt he approprbaﬂg&wﬂ@mﬂﬁ@&ggked cysteine residues are
i ncorporated as both the C 20 terminal residue and the penultimte

N-t erm nalysesidue as in 5 I . .n.general, to prepare the |inear
peptides,t% e ani no addsbﬁﬁiﬁﬁﬁggﬁ@%%ﬁ?df%u l ed onto tﬁe Ennc-Linker-BHA
resin using the Fnoc protected formof amino acid or mnetic, with 2 - 5
equi va’r"en?gpof ani no aci depastriagolslyylenbiris-(disgshylareine phgwhoniuas t er coupl i ngs,
the resin naybe washed and dried under vacuum Loading of the am no acid
onto the resin maybe det ¢femflwetbpBbsphyteam no aci d anal ysis of an aliquot of
Fnoc-am no acid resin or by determ nation of Fnoc groups by Wanal ysis.

Any unreapﬂggpanino grOu?@?ﬁ%%%ﬁﬂgﬁﬂﬂﬁgﬁ§¥ﬂ$ﬁﬂﬁﬁﬂE%ﬁ%ﬁ$@é§§%¢?gwth acetic

anhydri de and dii sopropy ne 1n ene ¢ e resins are
carried t gh several repetitive cycles to add am no acids sequentially.
%ﬂ# Fé‘gﬁrﬁf‘?ﬁz

The al pha no Froc pro WiRralssl-BY-d-LretristramethrEniBRsi ¢ conditi ons.
Pi peri di ne,
. Hexafluorophosphate
15 FAB-MS Fast atom bombardment mass spectrometry
ES-MS Electrospray mass spectrometry

Setting forth the substituted amino acid, in parentheses indicates analogs of the peptide
sequence. Derivatization of the N-terminal amino group, is indicated to the left of the N-
20  terminal substitution, separated by a hyphen. That is, for example, Ac-His-(D)Phe-Arg-Trp-
 Gly-NHj indicates a peptide having an amino acid sequence in which an acetyl group has been
substituted for hydrogen at the N-terminus. The suffixes "-OH" and "-NHj" following the
hyphen or the parentheses refer to the free acid and amide forms of the polypeptide, respectively.

The linear peptides, nsed as the precursors for the present representative compounds may .

25  bereadily synthesized by any known conventional procedure for the formation of a peptide



30 pi perazine or norpholine (20-40%vlv) in DVF maybe for
purpose. Preferably 40% piperidine in DVF is utili zedLﬁ%ﬁécjﬂWWhg‘ﬁhe
renoval of the al pha am no protecting group, ‘the subsequent protected

am no acids are coupled stepwise in the desired order to obtain an
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10 Such conventional procedures for synthesizing the precursor linear peptides include for
example any solid phase peptide synthesis method. In such a method the synthesis of the novel
compounds can be carried out by sequentially incorporating the desired amino acid residues one
at a time into the growing peptide chain according to the general principles of solid phase
methods [Merrifield, R. B., J. Amer. Chem. Soc. 1963, 85, 2149-2154; Barany et al.. The peptides,

15  Analysis, Synthesis and Biology, Vol. 2, Gross, E. and Meienhofer, J., Eds. Academic Press 1-284
(1980)).

Common to chemical syntheses of peptides is the protection of reactive side chain groups
- of the various amino acid moieties with suitable protecting groups, which will prevent a chemical
reaction from occurring at that site until the protecting group is ultimately removed. Usually
20 also common is the protection of the alpha amino group of an amino acid or fragment while that
entity reacts at the carboxyl group, followed by the selective removal of the alpha amino
protecting group and allow a subsequent reaction to take place at that site, While specific
protecting groups have been disclosed in regard to the solid phase synthesis method, it should be
- noted that each amino acid can be protected by an protective group conventionally used for the

25 respective amino acid in solution phase synthesis.

Alpha amino groups may be protected by a suitable protecting group selected from
aromatic urethane-type protecting groups, such as benzyloxycarbonyl (Z) and substituted
benzyloxycarbonyl, such as p-chlorobenzyloxycarbonyl, p-nitrobenzyloxycarbongyl, p-
bromobenzyloxycarbonyl, p-biphenyl-isopropoxycarbonyl, 9-fluorenylmethoxycarbonyl (Fmoc)

30  and p-methoxybenzyloxycarbonyl (Moz); aliphatic urethane-type protecting groups, such as -
butyloxycarbonyl (Boc), dﬁsopropyhneﬂloxycarbonyf, isopropoxycarbonyl, and
allyloxycarbonyl. Herein, Fmoc is the most preferred for alpha amino protection.
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thin layer chromatography, NMR and melting point prior to use. Benzhydrylamine resin (BHA)

was a copolymer of styrene - 1% divinylbenzene (100-200 or 200-400 mesh) obtained from
15 Bachem or Advanced Chemtech. Total nitrogen content of these resins were generally between

0.3 - 1.2 meg/g.

High performance liquid chromatography (HPLC) was conducted on a LDC apparatus
consisting of Constametric I and III pumps, a Gradient Master solvent programmer and mixer,
and a Spectromonitor [ variable wavelength UV detector. Analytical HPLC was performed in

20  reversed phase mode using Vydac Cg columns (0.4 x 30 cm). Preparative HPLC separations

were run on Vydac columns {2 x 25 cm).

The linear peptides were preferably prepared using solid phase synthesis by the method
generally described by Merrifield, [J. Amer. Chem. Soc., 1963, 85, 2149], although other
equivalent chemical synthesis known in the art could be used as previously mentioned. Solid

25  phase synthesis is commenced from the C-terminal end of the peptide by coupling a protected
alpha-amino acid to a suitable resin. Such a starting material can be prepared by attaching an
alpha-amino-protected amino acid by an ester linkage toa p-benzyloxybenzyl alcohol {Wang)
resin, or by an amide bond between an Fmoc-Linker, such as p-[(R, S)-0- [1-(9H-fluoren-9-yi)-
methoxyformamido]-2,4-djmethylo:qrbengy1} -phenoxyacetic acid (Rink linker) to a

30 benzhydrylamine (BHA) resin. Preparation of the hydroxymethyl resin is well known in the art.
Fmoc-Linker-BHA resin supports are commercially available and generally used when the
desired peptide being synthesized has an unsubstituted amide at the C-terminus.

Since the compounds of the present invention are cyclic peptides, prepared by the
formation of a lactam or a disulfide bond, the precursor linear peptides are assembled so as to
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residue is incorporated as both the C and N-terminal residues, while if the precursor is a linear

heptapeptide the appropriately S-protected cysteine residues are incorporated as both the C
20 terminal residue and the penultimate N-terminal residue as in for example X.

In general, to prepare the linear peptides, the amino acids or mimetic are coupled onto
the Fmoc-Linker-BHA resin using the Fmoc protected form of amino acid or mimetic, with 2 - 5
equivalents of amino acid and a suitable coupling reagent. After couplings, the resin may be
washed and dried under vacuum. Loading of the amino acid onto the resin may be determined
25 by amino acid analysis of an aliquot of Fmoc-amino acid resin or by determination of Fmoc
groups by UV analysis. Any unreacted amino groups may be capped by reacting the resin with
acetic anhydride and diisopropylethylamine in methylene chloride.

The resins are carried through several repetitive cycles to add amino acids sequentially.
The alpha amino Fmoc protecting groups are removed under basic conditions. Piperidine,
30 piperazine or morpholine (20-40% v/v) in DMF may be used for this purpose. Preferably 40%
piperidine in DMF is utilized. ‘,

Following the removal of the alpha amino protec;ting greup, the subsequent protected
amino acids are coupled stepwise in the desired order to obtain an intermediate, protected
peptide-resin. The activating reagents used for coupling of the amino acids in the solid phase

35  synthesis of the peptides are well known in the art. For example, appropriate reagents for such
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February 2005"% 02/ 1843 EPO1/ 0 -27 protecting group and allow a
subsequent relaDcItv[iFon to t%‘;eSochace at that site. Wiile specific
15 240% piperidine/DME 1 min
3 40% piperidine/DMF 15 min
4 DMEF 2x 30 sec
5iPrOH 2x 30 sec
6 DMF 3 x 30 sec
20 7 coupling 60 min - 18 hours
SDMF 2x 30 sec
9iPr£)H 1x 30 sec
10 DME 1:x 30 sec
1 CHxClp  2x30sec
25 Solvents for all washings and couplings were measured to volumes of 10 - 20 ml/g resins.

Coupling reactions throughout the synthesis were monitored by the Kaiser ninhydrin test to
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inert solvent, for example N-methyl pyrrohdone or DMF, preferably DMF and adjusted to an

20  apparent pH of 8.0 by the addition of a tertiary amine base, for example N-methyl morpholine,
and then is treated with an amide bond forming reagent, preferably BOP. The reaction is
conveniently carried out at a temperature between 40 °C and O °C, preferably at about room
temperature. Purification of the crude cyclic peptides is carried out by preparative HPLC.
Gradient elution is generally started at 20% B buffer, 20% -60% B in 90 minutes, (buffer A: 0.1%

25 TFA/H0, buffer B: 0.1% TFA/CH3CN) at a flow rate of 8 mL/min. UV detection is made at 280

nm. Fractions were collected and monitored by analytical HPLC. Fractions judged to be of high
purity were pooled and lyophilized.

To prepare the cydic disulfide peptides, the purified HPLC-purified linear peptide
containing two appropriately positioned cysteine residues, is dissolved at a fairly high dilution
30 level in an suitable inert solvent mixture, for example aqueous DMSO and the solution is
adjusted to pH 8.0 by the careful addition of ammonium hydroxide. Oxygen is then bubbled
into the stirred solution. The reaction is conveniently carried out at a temperature between 40 °C
and O °C, preferably at about room temperature and the progress of the cyclization is monitored
by analytical HPLC. After the reaction is judged to be completed, the solution is lyophillized and



were run on Wdac colums (2 x 25 cn). 28 February 2005 WD 02/ 18437
PCT/ EPOL/ 09630 - 28 Peptides were preferably prepared ugSfEbseary 0Phase
synthesis by the nmethod generally described:by Merrifield, J Arer. Chem
Soc., 1963, 85 2149], al t hough ot her equival ent chem cal ynt hesi s known
in the art 2 used as previously nentioned. Solid F st hesis is
comenced fromt?‘ne C-termnal end of the peptide by coupling a prot ected
al pha 5 amno acid to a suitable resi.gs-Such a starting material can be
- prepared by attaching an al pha- am no-protected am no acid by an ester
‘1'i nkage t@h@prpddwdigphpﬁ@ebengﬁledwmmm\(em@ Gradient, elition ibgenanllpmm abond
bet ween a r [ 5

met hoxyfo?{r)rz;m oa?g‘%f??% ?ly oxtsé? ng{ier[r‘%%(/ 3 %‘%%93?5’?’(& nk Iinker)
to a benﬂl’ﬁﬁtﬁiﬂj@ﬁ)aﬁeﬂ()Blrh@&):ofﬂaﬁLﬂm;nRﬁ@ﬁaEﬁbh@s‘ma{eatmﬂideﬁi&i;b’ﬂs%hyl resin

is well kn he art nker-BHA resin_suppoyts .are

commer ci al? CQ@&P ’&BP@OTS%BY@@GE?@;ﬁPb UE’@E‘%&%F*’:@ e&gg‘ggéﬂmﬁféﬁqmleéel ng
synt hess zesd lyaghiliedinsubsti tuted am de at the C-ternminus. In general, the
amno acids or mnetic are coupl ed onto the Froc- Linker-BHA resin usi ng

the Fnoc prm?&ﬁﬁ@u&%f’ﬁ%{ de@fs'cgrrﬁﬁom%%%c.né h%h!@ 1%. T ép&%gu&&ee“ts of

anm no acid and Sult I Ng re@gent e resin nay
be washed 2Eplied i the goluma émw@uﬁwvglsn@ am@gﬁﬁwfﬁap Af2@nt o t he

resin myd@fm&ﬁ%ﬁget egm Rty it O1tq§%%mgwﬁ% @% 9@ QSé(bugfn K'g0e am no

acid resin_or y “uiir' eact ed
ot no- o oB8 Hakbeedh dth 'ERAIGHaGND Fig fcssieats chtqcbomnwdc 80 and
diiso t Ior Th re ar t hr ough
2?@%%2#%4&?%”&& elTEL b 02 kbRl Pl By BB 01
am no Fno&rastiensdedse @W%P@WWwaﬂd\b’eﬂMJ c cond| tions.

Pi peridine, piperazine or norpholine (20-40%v/v) in DVF maybe used for
this purpose. Rﬁrﬁ?ﬁfﬁbﬁﬂdﬂaﬁ%m@is&ﬁédk@ﬂ WeankRtilVEPLS o hirkveed phdsoLdnanh Ry t he

R ?eb%sﬂﬁmta”’g%%@%@eﬁﬁhaﬁm@%ﬁé? SaH Rl g Beoes
i nt er medi wee,alsprulijetidad ftatpe bombierdmesi mass fretrantipFPABIGS) @adeadspragsed for
coupl i pg ﬁrasstsggctﬁ‘)me&? BEMES. Alpprgaﬁﬁctss}%l‘liéa &0 &pected parent M+H ions within

acceptable limits,

-.(

The process for synthesizing the representative compounds may be carried outby a
procedure whereby each amino acid in the desired sequence is added one at a time in succession
to another amino acid or residue thereof or by a procedure whereby peptide fragments with the

20  desired amino acid sequence are first synthesized conventionally and then condensed to provide-
the desired peptide.

Such conventional procedures for synthesizing the novel compounds of the present
invention include for example any solid phase peptide synthesis method. In such a method the
synthesis of the novel compounds can be carried out by sequentially incorporating the desired

25 amino acid residues one at a time into the growing peptide chain according to the general
principlés of solid phase methods [Merrifield, R. B., J. Amer. Cherm. Soc. 1963, 85, 2149-2154;
Barany et al.. The peptides, Analysis, Synthesis and Biology, Vol. 2, Gross, E. and Meienhofer, .,
Eds. Academic Press 1-284 (1980)].

Common to chemical syntheses of peptides is the protection of reactive side chain groups
30  of the various amino acid moieties with suitable proteéting groups, which will prevent a chemical
reaction from occurring at that site until the protecting group is ultimately removed. Usually
also common is the protection of the alpha amino group of an amino acid or fragment while that
entity reacts at the carboxyl group, followed by the selective removal of the alpha amino



synthesis of the peptides are well known in the art. For exanple
appropriate reagents for such syntheses are benzotri a28IFePryany2905 ri -
(.di nmet hyl am no) phosphoni um hexaf | uorophosphate (BOP),
Brono-tris-pyrrolidino-phosphoni um hexaf | uor ophosphate (PyBroP), 2-(1H

Benzot ri azolgydhaysk) - 1, 1, 3, 3-tetranet hyl uroni um hexaf | uor pphpsihahs (HBTU),
and 30 diisopropylcarbodiimde (DIC). Preferred here are HBTU ané Dl C.

Q her activating agents as describedaby Barany and Merrifield [The
Peptides, Vol. 2, J. Meienhofer, ed., Academ c Press, 1979, pp 1-284]
maybe ut i lpratexting Yanp euballoscapehtegua cdactim td idky glioxat Bendet WhilkepeificHOBT) , N-

_hyd L DL i . . . .
3y PR Bo EYen eigeet i remmd o he solid phoys sppthoss method, e bondd b oy
102/ 18437 notyd Ht pacheminyosBiranty Broterrd &t an profestivegson Gontentionallyeed foither der

to optim zQpékife S¥iRb BAY bifsofidioh Phase &kred here is HOBT. The protocol for
a typical synthetic cycle is as follows: Protocol 1 5StepReaTi ne

o L . o i S :
ADVF2xabsec 1OEPYBIB s By BhbigkecS g Susble PRk BB E e hours 8
DVF 2 x30 amamatic urethane-type protecting groups, such as benzyloxycarbonyl (Z) and substituted
benzyloxycarbonyl, such as p-chlorobenzyloxycarbonyl, p-nitrobenzyloxycarbonyl, p-
bromobenzyloxycarbonyl, p-biphenyl-isopropoxycarbonyl, 9-fluorenylmethoxycarbonyl (Fmoc)
and p-methoxybenzyloxycarbonyl (Moz); aliphatic urethane-type protecting groups, such as ¢-
10 butyloxycarbonyl (Boc), diisopropylmethoxycarbonyl, isopropoxycarbonyl, and

allyloxycarbonyl. Herein, Fmoc is the most preferred for alpha amino protection.

Guanidino groups may be protected by a suitable protecting group selected from nitro, p-
toluenesulfonyl (Tos), Z, pentamethylchromanesulfonyl (Pmc), adamantyloxycarbonyl, and Boc.
Pmc is the most preferred for arginine (Arg).

15 All solvents, isopropanol (iPrOH), methylene chloride (CHyCly), dimethylformamide

(DMF) and N-methylpyrrolidinone (NMP) were purchased from Fisher or Burdick & Jackson
and were used without additional distillation. Trifluoroacetic acid was purchased from
Halocarbon or Fluka and used without further purification. Diisopropylcarbodiimide (DIC) and
diisopropylethylamine (DIPEA) was purchased from Fluka or Aldrich and used without further
20 purification. Hydroxybenzotriazole (HOBT) dimethylsulfide {(DMS) and 1,2-ethanedithiol
(EDT) were purchased from Sigma Chemical Co. and used without further purification.
Protected amino acids were generally of the L configuration and were obtained commercially
from Bachem, Advanced ChemTech, or Neosystem. Purity of these reagents was confirmed by
thin layer chromatography, NMR and melting point prior to use. Benzhydrylamine resin (BHA)
25 was a copolymer of styrene - 1% divinylbenzene (100-200 or 200-400 mesh) obtained from
Bachem or Advanced Chemtech. Total nitrogen content of these resins were generally between

0.3 - 1.2'meq/g.

~ High performance liquid chromatography (HPLC) was conducted on a LDC apparatas
consisting of Constametric I and III pumps, a Gradient Master solvent programmer and mixer,
30  and a Spectromonitor III variable wavelength UV detector. Analytical HPLC was performed in
reversed phase mode using Vydac Cy g columns (0.4 % 30 cm). Preparative HPLC separations

were run on Vydac columns (2 x 25 cm).



9 iPrOHL x 30 sec 1510DMF1 x 30 sec 11CH2022 x 30 sec Solvents for all '
washi ngs and couplings were neasured to vol umes of 10 28X@bmiagy @& ns.
Coupl ing reactions throughout the synthesis were nonitored by the Kaiser
- ninhydrin test to determ ne extent of conpletion [Kaiser et at. Anal

Bi ochem 19 Ozﬁgf 595-598]. Slow reaction 20 kinetics wWggy @gﬁ%?%@d for
Fnmoc- Arg (Pnt an for couplings to secondary am nes by sterically
hi ndered acids. Any inconplete couplLng- reactions were either recoupled
with freshly prepared activated am no acid or capped by treating the
pepti de resi nPeptides wexe pieferablypretaredasing salid phudepithesh bp e methed genkdally

nbl ed F h
compound, FREPETYIFRNS, thokln U s oSS P MRS clBiBe 1°F O the
25 resin Ishemigd SY@MS@&W%@‘I wribrarticould beTisel 39 ppavioddy H@sﬂlmdmémlel phaggat ed Wit h
100 gL et Q?rﬁﬁgismo%m&l% frdm fHe Tlchitngtthi bfiﬁe Pme b\é@dﬁg i ua?y Zoogdpﬁa-

trifluoroaceti cid r gramof resin,
02/ 1843Y -25pnqssidte . tsélﬁ‘béfta&“e}sgla?eaﬁl <39 be preprredripjatiagingan dpha | ¢ er ed

of f and t heifdd-plotated amaicmacidtyeh pitérdinkabe kdla § e;Lsz dlcoll (Wing) TRB, or
pr eci pi ta&,es are ntr| fuged_and_t he et her Elﬁ)nﬁf ecanted. The residue

was washed¥ apamiie erﬁraégn\%‘llﬂﬂ‘é’és%haﬁ (4 fuorme®d The crude
product s ahéhdifottladlidRD 4\HG bfoRdcOft Rfd (RitdeBS RS 4 de

Preparati gns P rjfic e cr ude pt.i des carr out

prepar at i Mﬁ%@‘“@%ﬁsb‘g‘gﬁs’&e r%?@““%fﬁ% e%}sdﬁﬁg‘“?‘ﬁnﬁl%?ﬁ? mm
vol une 10f FaidcifikeABEA def2Osuppords a&%o’ﬂnﬁérl:im avmab&dnegéneaﬂlvhwanvhaﬁshegener ally
started at fer 00/ -,.60% B i nutes fer A 10 0.1%

TFA/ H20, Biuﬁ}%{y%) elfg/sy'? “”tsu ed goids 2 et%ef((?ge'ﬁrl‘uﬁi n. UV detection

was made at 280 nm Fractions were collected at 1.0 - 2.5 mnute intervals

and i nspect edgenergh giepminoscidpy mwimgtic greicoupled onte ghedirras-TinkesBEH} repin psing t y
vere pool ekt @it griyRabd fokz 8FamiRy bl )zsr RimdcdBwith 124 eRivalHE LT RS claealed by

nal I r r has I a
anal yti ca su1taﬂé%oglr3]mag rea%c\e/n?c igg' cgup s, % rgsgnnmaé be washed and dried under vacuom.

15  Loading of the amino acid onto the resin may be determined by amino acid analysis of an aliquot

of Fmoc-amino acid resin or by determination of Fmoc groups by UV analysis. Any unreacted
amino groups may be capped by reacting the resin with acetic anhydride and
diisopropylethylamine in methylene chloride. '

The resins are carried through several repetitive cycles to add amino acids sequentially.
20 The alpha amino Fmoc protecting groups are removed under basic conditions. Piperidine,
piperazine or morpholine (20-40% v/v) in DMF may be used for this purpose, Preferably 40%
piperidine in DMF is utilized, |

Following the removal of the alpha amino protecting group, the subsequent protected

amino acids are coupled stepwise in the desired order to obtain an intermediate, protecied

25 peptide-resin. The activating reagents used for coupling of the amino acids in the solid phase
synthesis of the peptides are well known in the art. For example, appropriate reagents for such
synthesés are benzotriazol-1-yloxy-tri- (dimethylamino) phosphonium hexafluorophosphate
(BOP), Bromo-tris-pyrrolidino-phosphonium hexafluorophosphate (PyBroP), 2-(1H-
Benzotriazole-1-yl)-1,1,3,3-tetramethyluronium hexafluorophosphate (HBTU), and

30 diisopropylcarbodiimide (DIC). Preferred here are HRTU and DIC. Other activating agents as
described by Barany and Merrifield [The Peptides, Vol. 2, J. Meienhofer, ed., Academic Press,
1979, pp 1-284] may be utilized. Various reagents such as 1-hydroxybenzotriazole (HOBT), N-
hydroxysuccinimide (HOSu) and 3,4-dihydro-3-hydroxy-4-oxo-1,2,3-benzotriazine (HOOBT)
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28 February 2005 WD 02/18437 -31 Reactigan Scheme A FnocNH 2 FntcNH 6 1.
DMF BCNHy (CH2) m 2, FnocN CO2H, HBTU H Cycle 1 Piperidine,
72 (RR- - Hpay beladddd3o theColBpling yikiara iPGFHERPOPHIMHE B sPobidid, cyclen PfefidradihéreFnoCN

is HOBT.

Pi peri di ne,

The protocol for a typical synthetic cycle is as follows:

Protocol 1
5 Step Reagent Time
1DMEF 2x30sec
240% piperidine/DMF 1 mm
3 40% piperidine/DMF 15 min
4 DMEF 2x 30 sec
10 5iPrOH 2x 30 sec
6 DMF 3x30 sec
7 coupling 60 min - 18 hours
. 8 DMFE 2x30 sec
9iPrOH 1x30 sec
15 10 DMF 1x30sec
11 CH,Cl» 2x 30 sec

Solvents for all washings and couplings were measured to volumes of 10 - 20 ml/g resins.
Coupling reactions throughout the synthesis were monitored by the Kaiser ninhydrin test to
determine extent of comp]eﬁoh [Kaiser et at. Anal. Biochem. 1970, 34, 595-598]. Slow reaction

20 kinetics was observed for Fmoc-Arg (Pmc) and for couplings to secondary amines by sterically

hindered acids. Any incomplete coupling reactions were either recoupled with freshly prepared

activated amino acid or capped by ireating the peptide resin with acetic anhydride as described

above. The fully assembled peptide-resins were dried in vacuum for several hours.

For each compound, the blocking groups were removed and the peptide cleaved from the

25 resin by the following procedure. The peptide-resins were treated with 100 pl ethanedithiol, 100

ML dimethylsulfide, 300 pL anisole, and 9.5 mL trifluoroacetic acid, per gram of resin, at room '

20

DV



O 4 /oBu, nercaptoethanol DW Fnoc-Arg(Pnt)-0OH (a), HBTU. DVF or Fnoc-
dt -OH U9, HBTU, DVMF R8, R9, Al and in. are as previ ousA8Felsdayi2Bed. 10aa
(R? NH, PG = Pnt) 1flh (R7=0, PG = H) 28 February 2005 WD 02/ 18437 - 32-
Reaction Schene B 1. Pipeildne, DVF 2FnpoAD) - PhEOH. HBTLJ. DMF Cycle 4

FncoNH FO  gdNgisf3y' NHPO 1la Ft7=NH, PG = Pnt) ilh f FI 72Q,e0B%0
R7=NH PG = Pnt) 11)h R7=0, PG = H) mp, QRB, R4, Rs,RB, K5 & PRG N are

as previousl described vy . -30-
temperature for 120 min. The resin is filtered off and the filtrates are precipitated in chilled ethyl
ether. The precipitates are centrifuged and the ether layer is decanted. The residue was washed
with two or three volumes of Et90 and recentrifuged. The crude products are dried under

vacuuiril.

Purification of Crude Peptide Preparations

Purification of the crude peptides was carried out by preparative HPLC. The peptides were
applied to the columns in a minimum volume of either ACOH/H20 or 0.1% TEA/H20.
Gradient elution was generally started at 10% B buffer, 10% -60% B in 90 minutes, (buffer A:

10 0.1% TFA/H,O, buffer B: 0.1% TEA/CH3CN) at a flow rate of 8 mL/min. UV detection was

made at 280 nm. Fractions were collected at 1.0 - 2.5 minute intervals and inspected by
analytical HPLC. Fractions judged to be of high purity were pooled and lyophilized.

Purity of the final products was checked by analytical HPLC on a reversed phase column as
stated above. Purity of all products was judged to be approximately 95 - 99%. All final products
15 were also subjected to fast atom bombardment mass spectrometry (FAB-MS) or electrospray
mass spectrometry (ES-MS). All products yielded the expected parent M+H ions within
acceptable limits.

Utilizing the techniques described above, the compounds of this invention can be
synthesized in accordance with the following reaction schemes. SRR

20



NHPG 14a R7=NH, PG = Pnt) Yoh (R= Q PG = H) 8 ~R7=0, PG H)nt) 0 R?/"NHPR
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FrnocNH Cycl ewohz/eiz1. Piperidl ne,, DWF PCT/EPG1/09630
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Reaction Scheme A
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are as previously described.
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Reaction Schene C Steps 1-5 Protocol 1 N2 O:,$ DP Q%VF 0 823 BocNH

Rl ./(CH)m DEAD, Ph3P MO0, ethanol (M tsunobu) 24 R9, TUBRdO83 are as
previ ously described. In the sane manner: PrmpcNH 52 PCTI EP01109630 0 7a O
26 28 February 2005 WD 02/ 18437 PCTI EPOLI 09630 -34 Reaction Schenme D
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Reaction Scheme C BocNH
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2
: e
1 ~g_  DIPEA DMF
¢ %y
BocNH
NO, N o R0
o R DEAD, Ph,P L J
A S
- }S\N Methanol C;' \NJﬁ]/N
¢ (Mitsunobu) H 0
CH,
25 #

"R, R andm
are as previously described.

In the same manner:
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The linear peptides used herein as the penultimate intermediates in the syntheses of the
cyclic peptides of the current invention (Structure 1) are prepared by using conventional solid
5 phase peptide synthesis methodology discussed in the previous section. Each cycle consists of two

procedures; the initial cleavage of the Fmoc protecting group from the terminal nitrogen in the
resin bound chain followed by acylation of the amine function with an Fmoc protected amino
acid. The cycle is generally carried out in accordance with the stepwise procedures outlined in
Protocol 1. The deprotection is accomplished by using an organic base, for example piperazine,

10 morpholine or piperidine, preferably piperidine in a suitable inert solvent, for example N,N-
dimethylformamide (DMF) or N-methylpyrrolidone {NMP). The coupling reaction can be
carried out by one of the many conditions developed for amide bond formation, for example O-
benzotriazol-l1-yl N,N,N’,N'-tetramethyluronium hexafluorophosphate (HBTU) in the presence
of an organic base, for example, diisopropylethylamine (DIPEA) in an inert solvent, for example

15 DMF. Alternatively in the present instancé, the amide group can be formed using a
carbodiimide, for example, diisopropylcarbodiimide (DIC) along with an activating agent such
as 1-hydroxybenzotriazole (HOBT) in a suitable inert solvent such as DMF.

In Reaction Scheme A, in the first cycle of the preparation of the linear polypeptides
precursors for the cyclic peptides of Structure 1 where Z is NHCO, the Fmoc-Linker-BHA Resin
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represented by Structure 2 is deprotected and condensed with Fmoc-amino acids of Structure 3
to give the resin bound compounds of 4. In this syntheses of the cyclic peptides, it is required
that the Fmoc-amino acid 3 contain a key structural requirement which is a suitably protected
basic side chain, that when deprotected, can participate in the formation of the intramolecular

5 amide bond. To extend the growing peptide chain, a second cycle incorporates the Fmoc-amino
acids 5 to give the compounds of Structure 6. In the third cycle, treatment of the resin linked
peptide 6 furnishes the intermediates of Structure 7a where R® is hydrogén.\The intermediates of
Structure 7b where R® is methyl are synthesized as shown in Scheme C.

The intermediates of Structure 7b are prepared from the compounds of Structure 7a, as

10 shown in Scheme C. In this procedure, compounds of Structure 7a, prepared by treating
compounds of Structure 6 as described in steps 1-5 of Protocol 1, are reacted with an aryl
sulfonyl chloride, preferably 2-nitrobenzenesulfonyl chloride 23 to produce the compounds of
Structure 24. This reaction is carried out in the presence of a proton acceptor, for example
pyridine, triethylamine (TEA) or DIPEA, preferably DIPEA in a suitable inert solvent, preferably

15  DMF. N-methylation of the formed sulfonamide group in the washed resin bound compounds
of Structure 24 is accomplished under Mitsunobu conditions to produce the compound of
Structure 25. In carrying out this reaction the sulfonamides of Structure 24 are reacted with _
methanol in the presence of diethyl azodicarboxylate (DEAD) and triphenylphosphine using
methanol as solvent. After the reaction is complete, the resin bound N-methylsulfonamide of

20  Structure 25is washed free of residual reagents and byproducts.

In the next steps as set forth in Reaction Scheme A the 2-nitrobenzenesulfonyl residue is
removed from Structure 25 by reacting 25 with 2-mercaptoethanol and the strong organic base
1,8-diazabicyclo[5.4.0]lundec-7-ene (DBU) in a suitable solvent, preferably DMF, to give the
resin bound intermediate of Structure 7b. The third cycle of Reaction Scheme A is completed by

25 coupling compounds of either Structures 7a and 7b with Fmoc-Arg(Pmc)-OH (8) or Fmoc-Cit-
OH (9) to give the resin bound compounds of Structure 10.

The next two cycles shown in Reaction Scheme B are carried out by first reacting
peptides of Structure 10 with the amino acid Fmoc~(D)-Phe-OH to produce the compound of
Structure 11 and then reacting this compound of Structure 11 with either one of the amino acid

30 mimetics of Structure 12 or 13 to incorﬁorate these amino acids into the resin bound peptide to
give the resin bound pentapeptides of either Structures 14 and 15, depending upon which amino
acid mimetics is used. The incorporation of additional amino acid containing carboxylic acid
side chains into the linear pentapeptides suitable to ultimately participate in the formation of the
cyclic peptides of this invention is accomplished in two ways '
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a. As seen in Reaction Scheme B, a Fmoc amino acid with a appropriately protected acid side
chain is incorporated into the resin bound pentapeptides 14 and 15. Thus in cycle 6
(Reaction Scheme B) Fmoc-Asp(OtBu)-OH (16) or Fmoc-Glu(OtBu)-OH (17)is
incorporated into the growing peptide chain to give the resin bound hexapeptides of
5 Structures 18 and 19 respectively or alternatively,

b. The resin bound pentapeptides 14 and 15 are N-capped with a cyclic anhydride of
Structure 28’ (Reaction Scheme F) for example, maleic anhydride or phthalic anhydride,
to give the compounds of Structure 29 and 30, or alternatively

c. As seen in Reaction Scheme B, the resin bound hexapeptides 18 and 19 may be further
10 reacted ';Nith an additional amino acid to form a heptapeptide before being N-capped.
This is accomplished by the incorporation in the usual manner of an amino acid residue,
preferably Fmoc-Nle-OH , to furnish 21 and 22.

N—capping of heptapeptide or hexapeptide produces the terminal amide function group of
the compound 1. In this manner, the substitutents X, Y, R' and R are produced. To N-cap the
15 resin bound hexapeptides (18, 19) or heptapeptides (21, 22), the polypeptide is first treated with
piperidine in DMF to remove the Fmoc protecting group and then is reacted with an acylating
agent. As shown in Reaction Scheme D to produce the compound of Structure 1 before the
formation of Z where X and Y are CH, and Rlis

I

-HN-C-R,

20 the resin bound polypeptide of Structure 18 is deprotected and N-acylated to give the resin
bound amide of Structure 27 or after deprotection is reacted with an isocyanate to form the ureas
of Structure 28 . The N-acylation is carried out under a variety of methods well known to one
skilled m the art. Among the methods used are;

() reaction of the terminal amino functionality with a carboxylic acid R>CO,H in a suitable
+25 solvent, such as DMF in the presence of HBTU, and an organic base, preferably DIPEA;

(ii) reaction of the terminal amino functionality with a carboxylic acid chloride R,-COClin a
suitable solvent, such as dichloromethane in the presence of an organic base, such as
pyridine, TEA and DIPEA, preferably DIPEA; or

(iif) reaction of the terminal amino functionality with a carboxylic acid anhydride of Structure
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28’ as shown in Reaction Scheme F. This Reaction is carried out in a suitable solvent,

such as dichloromethane or DMF in the presence of an organic base, preferably DIPEA.

The N-capping reaction in Reaction Scheme D where compounds of Structure 18 are
converted to ureas of Structure 28 is carried out by reacting the terminal amino group in the
5 compounds of Structure 28 with an isocyanate R>-NCO. This reaction is carried out in a suitable

solvent, such as dichloromethane or DMF in the presence an organic base, preferably DIPEA.
When the acylation and urea forming reactions are complete, the resin bound products 27 and
28 are washed free of residual reagents and byproducts. By using similar conditions, N-capping
of the resin bound polypeptides of Structure 19, 21, and 22 is carried out by fomation of the N-

10  acylated compounds of Structures 33, 35, 37 and the ureas of Structure 34, 36 and 38 (Reaction
Scheme E). However, Reaction Scheme E can be modified to provide R} groups other than that
derived from Nle by utilizing known amino acids other than the compound of Structure 20 in
Reaction Scheme B to produce compounds of Structures 21 and 22.

Reaction Schemes G and H illustrate the cleavage of remaining protecting groups in the N-

15  capped polypeptides 29,30, 33 - 38 and the concomitant cleavage of the peptides from the solid
support. This reaction is carried out by using a strong organic acid, preferably trifluoroacetic
acid, optionally in the presence of an inert solvent such as dichloromethane and a trace (1%) of
water and optionally in the presence of one or more carbocation scavengers, for example
ethanedithiol, dimethyl sulfide, triethylsilane and anisole. The polypeptide cleavage solution is

20 filtered free from the solid support, then is diluted with a suitable solvent, preferably diethyl
ether, and the formed solids are collected by filiration. The solid polypeptides of Structures 39-44
produced in Reaction Scheme H may be purified by reversed phase chromatography by using a

preparative C18 column.

With the appropriate functionalities thus now available to form the intramolecular amide
25 bond, the N-capped linear polypeptides are subjected to amide forming reaction conditions well
known in the art. Accordingly each in turn of the the linear peptides 31,32 (Reaction Scheme G)
and 39-44 (Reaction Scheme I) is dissolved in an inert solvent, for example DMSO, and by the
addition of a tertiary amine base, for example N-methyl morpholine the solution is adjusted to
an apparent pH of 8, prior to the addition of an amide forming reagent, for example BOP. The
30 reaction is conveniently carried out at a temperature of between zero degrees and 40 °C,
preferably at about room temperature. The reaction is allowed to proceed until it is judged to be
complete. Common methods, used by those of average skill, to monitor the progress of a
reaction are for example, TLC or analytical HPLC. After removal of the reaction solvents in vacuo
the crude cyclic peptides of Structure I where Z is NHCO as shown in Reaction Scheme [ may be
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purified by reversed phase chromatography using a preparative C18 column. In this manner
Compound of Structure 1 are produced where Z is NHCO Bridge.

The cyclic disulfide peptides of Structure 1 where Z is S-S are prepared by methodologies,
outlined in Reaction Schemes similar to those described above in Reaction Schemes A through H
for the preparation of the lactams of Structure 1 where Z is NHCO. The penultimate linear
polypeptides are assembled in a like manner, with the exception that amino-acids, that contain
protected thiol side chain residues, for example Fmoc-Cys(Trt)-OH , are incorporated at the
appropriate positions of the growing resin bound polypeptide, preferably in cycle 1 and 6. This
preparation of the resin bound Linear polypeptides is illustrated in Reaction Schemes Jand K. As
previously described and shown in Scheme L, the resin bound linear hexapeptide 52, after
removal of the Fmoc protecting group group, may be N-capped either by acylation to give 56 or
by reaction with an isocyanate to form the urea 57. In the same way the resin bound hexapeptide
53, and the resin bound heptapeptides 54 and 55 are converted to the corresponding N-acylated
derivatives 58, 60 and 62 and the urea derivatives 59, 61 and 63 (Reaction Scheme M).

In Reaction Scheme N, the N-capped resin bound linear hexapeptide 56 is treated with a
strong acid, preferably trifluoroacetic acid, optionally in the presence of an inert solvent such as
dichloromethane and optionally in the presence of one or more carbocation scavengers, for
example ethanedithiol, dimethyl sulfide, triethylsilane and anisole. This causes cleavage of all side
chain protecting groups as well as cleavage of the linear peptide from the solid support. The
reaction is conveniently cartied out at a temperature of between 0 °C and 35 °C, preferably at
room temperature. The polypeptide cleavage solution is filtered free from the solid support,
then is diluted with a suitable solvent, preferably diethyl ether, and the formed solids are
collected by filtration. The solid polypeptide of Structure 64 thus produced optionally may be
purified by reversed phase chromatography by using a preparative C18 column. The linear
hexapeptide 64 is then treated under oxidative conditions well known to one skilled in the art,
that can induce thiols to form a disulfide bond. Accordingly a dilute aqueous solution of 64 is
adjusted to pH 8.0 using a moderately weak inorganic base, preferably ammonium hydroxide,
and then oxygen was bubbled into the solution until the cyclization was judged to be complete,
using standard methods, for example TLC or HPLC. After removal of the reaction solvents by
lyophillization, the crude cyclic peptide (§; Z= S-S) prepared and isolated in this manner, may be
purified by reversed phase chromatography by using a preparative C18 column,

Under similar conditions to those described hereinbefore in connection with Reaction
Schemes H and 1, the resin bound linear polypeptides 58-63 as shown in Reaction Schemes O
and P, are deprotected and cleaved from the solid support to give the linear peptides 65-70
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(Reaction Scheme 0), which are then oxidatively cyclized, as described above, to give the
corresponding compounds of Structure 1 (Reaction Scheme P).

The Fmoc-amino acids used in the preparation of the peptides described above, as well as
the acylating agents and isocyanates used to N-cap the polypeptides are known compounds that
5 are commercially available. The Fmoc-amino acids 12, including its species, the compound of

Structure 13, used in Reaction Scheme B, are prepared as described herein by methods that are
well known to those of ordinary skill in the practice of organic chemistry. In Scheme Q, the
Ppreparation.of Fmoc-amino acid species of the compound of Structure 12 from cydlic ketones is
outlined. These species which are the Structure 12 and Structure 13, 79 and 80 are prepared in

10  the same way as the species of Structure 75 as outlined in the procedure of Scheme Q. The 4-
phenylcyclohexanones of Structure 71 are converted to the hydantoins of Structure 72 by
treatment with ammonium carbonate and potassium cyanide. The reaction is conveniently
carried out in aqueous ethanol mixture at a temperature of from 50 °C to 90 °C, preferably
between 80 °C and 90 °C. Direct hydrolysis of the hydantoins to the amino acids of Structure 73

15 require a prolonged treatment with strong base, for example with 6N sodium hydroxide solution
or with barium hydroxide at reflux temperature. Alternatively, compounds of Structure 72 can
be converted to the bis-Boc derivatives of Structure 74. The reaction is carried out using tert-
butyl dicarbonate [(Boc),0} in an inert solvent, preferably tetrahydrofuran (THF), in the
presence of an organic amine base, preferably TEA and a catalyst, 4-dimethylaminopyridine

20 (DMAP) at a temperature of from zero degrees to room temperature, preferably at room
temperature. The bis-Boc hydantoins of Structure 74 are readily converted to the amino acids of
Structure 73. The reaction is accomplished using IN sodium hydroxide in an inert solvent,
preferably dimethoxyethane (DME) at from zero degrees to 50 °C, preferably at about room
temperature. Protection of the amino functionality with an Fmoc group in a compound of

25  Structure 73 is carried out under a variety of reaction conditions to give the compound of
Structure 75 which is the Fmoc-amino acid species of the compound of Structure 12. The
reaction may conveniently be performed by treatment of a solution of the amino acid 73 in a
mixture-of THF or dioxane, preferably dioxane and aqueous sodium carbonate with 9-
ﬂuorenyln;émoxyc}ﬂoroformate (FmocCl) at a temperature of from zero degrees to room

30 temperature, preferably at room temperature. Alternatively, N-(9-
fluorenylmethoxycarbonyloxy)succinimide (FmocOSu) is added to a solution of the amino acid
73 in aqueous acetonitrile containing an organic tertia'ry amine base, preferably TEA. The

- reaction is run at from zero degrees to room temperature, preferably at room temperature. In

another variation of the procedure, DME is evaporated from the hydrolysis mixture in the

35  conversion of 74 to 73 and the reaction is adjusted to ~pH 11. The resulting solution of the
sodium salt of 73 is then treated in situ with FmocOSu or FmocClin dioxane ata temperature of
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from zero degrees to room temperature, preferably at room temperature. In the same manner, as
in Reaction scheme Q, the tetralones 76, the N-aryl-4-ketopiperidines 77, and the cyclohexanone
derivatives 78 can be converted to the corresponding Fmoc-amino acids of Structures 13, 79 and
80, all of which along with 73 form subgenera of Structure 12 utilized in Reaction Scheme B.

In Reaction Scheme Q, the componnds of Structure 73 where R? represents a linear or
branched lower alkoxy and both R?and R? is hydrogen in the sub genus Structure 82, may be
prepared by O-alkylation of the compound of Structure 81 as shown in Reaction Scheme R.
Where R'® represents an unbranched lower alkyl moiety, the alkylation is cartied out by using a
primary alkyl halide of Structure R'®halide in the presence of an alkali metal carbonate, for
example, sodium or potassium carbonate. The alkyl halide may be a chloro, bromo or iodo
derivative, preferably an alkyl iodide. The reaction may be conveniently carried out in an inert
solvent that promotes SN, displacement reactions, for example acetone, 2-butanone or N,N- ,
dimethylformamide, preferably acetone, at a temperature of from room temperature to the
reflux temperature of the solution, preferably the reflux temperature. When R'®represents a
branched lower alkyl group, e.g., 2-propyl, the alkylation of the compound of Structure 81 to
produce the compound of Structure 82 is carried out by using a secondary alkyl halide of
Structure R'®halide in the presence of an alkali metal carbonate, e.g., potassinm carbonate. The
secondary alkyl halide is preferably a secondary alkyl iodide, for example, 2-iodopropane. The
reaction may be conveniently carried out in an inert solvent, preferably N,N-
dimethylformamide, at a temperature of from room temperature to the reflux temperature of the

solution, preferably at about 100 °C.

4-Arylcyclohexanones of Structure 71 which are the starting materials in Reaction Scheme
Q can be prepared by methods that are well known to one of ordinary skill in the practice of
organic chemistry. As outlined in Scheme S, treatment of the aryl halides of Structure 83, where
X' represents bromo or iodo with an alkyl metal reagent, preferably t-butyl lithium, resultsina
transmetalation reaction to give the corresponding aryl lithium of Structure 84. The reaction is
conveniently carried out at -78 °C by the addition of a solution of the alkyl lithium into a
solution of'a compound of Structure 83 an inert anhydrous solvent, such as diethyl ether or
tetrahydrofuran, preferably tetrahydrofuran. The aryl lithium of Structure 84 produced in this
manner, is then reacted in situ with a solution of the monoketal of cyclohexane-1,4-dione (85) in
an suitable inert solvent, for example tetrahydrofiran, while the reaction temperature is
maintained below -60 °C, preferably at about -78 °C to' give the carbinols of Structure 86. The
compounds of Structure 87 are obtained by the dehydration of the carbinols of Structure 86. The
reaction is conveniently carried out using a strong organic acid catalyst, preferably p-
toluenesulfonic acid in an inert solvent, for example benzene or toluene, preferably benzene, at
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zero degrees to room temperature. Removal of the ketal protecting group in compounds of
) Structure 88 gives the ketone of formula 71, which is the starting material for Reaction Scheme Q

15 for preparing the Fmoc-amino acid species of Structure 75 of the compound of Structure 12. The

reaction is conveniently carried out in acetone or 2-butanone, preferably acetone under acid
catalysis, for example 4N hydrochloric acid or p-toluenesulfonic acid at from room temperature
to the reflux temperature of the reaction mixture, preferably at the reflux temperature.

5-Substituted-beta-tetralones of Structure 76 shown in Reaction Scheme Q which is the
20  starting material for preparing compound of Struture 13 are known compounds, or if they are
not known they can be prepared by methods that are well known to one of ordinary skill in the
field of organic chemistry. In the present instance, compounds of Structure 76 are basically
prepared by two methods outlined in Reaction Schemes T and U. As shown in Scheme T, a 2-
substituted hydrocinnamic acid of Structure 90 is converted to the corresponding carboxylic acid
25 chloride of Structure 91. This conversion can be carried out by several methods, for example by
treatment of the hydrocinnamic acid with oxalyl chloride, optionally in the presence of a catalytic
amonnt of N,N-dimethylformamide, in an inert solvent, such as benzene or dichloromethane,
preferably fijchlorome&ane. The reaction may be conveniently carried out at a temperature of
from zero degrees to room temperature, preferably at room temperature. Alternatively the
30 compound of Structure 90 is reacted with an acyl chloride forming reagent such as sulfuryl
chloride in an inert solvent, for example benzene or toluene, preferably toluene at a temperature
between room temperature to the reflux temperature of the solution, preferably at the reflux
temperature. The diazoketone of Structure 92 is prep:;.red by treatment of the thus formed acyl
halide of Structure 91 in an inert solvent, e.g., dichloromethane with an excess of a freshly
35 prepared ethereal solution of diazomethane. The combination of reagents is conveniently carried
- out at ice bath temperature and the reaction is then allowed to proceed at a temperature of from
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the compound of Structure 97. The reaction may be conveniently carried out in an inert solvent,

preferably N,N-dimethylformamide at a temperature of from room temperature to 100 °C,
preferably at about 40 °C.

The tetralones of Structures 76 are produced by reduction of the compounds of

Structures 94 and 97 under dissolving metal conditions, followed by the acid catalyzed hydrolysis

25 of the intermediate enol ethers. The transformation is conveniently carried out by the
portionwise addition of a large excess of an alkali metal, such as sodium or potassium, preferably
sodium, to a boiling solution of the substrate in an Jower alcohol, preferably ethanol until the
starting material is consumed. The tetralones of Structures 76 are obtained by treatment of a

_ solution of the isolated intermediate enol ethers with a strong acid catalyst, preferably p-

50 toluenesulfonic acid. The hydrolysis may be conveniently carried out in a mixture of a lower
alcohol, preferably ethanol, and water at a temperature ofbetween room temperature and the
reflux temperature of the solution, preferably at the reflux temperature.

In preparing the compounds of Structure 77, utilized in Reaction Scheme Q as starting
materjals in producing the compounds of formula 79 which are the Fmoc-amino acid species of
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sol vent, such as dichl oronet hane i n thag-presence of an organi.c base, such
as pyridine, TEA and DrPEA, preferably DI PEA; or (iii). reaction of the
term nal ani nEnthevdhdrdaad,iaminavcids ofStoaires whéire R di B @ idwen alkyld egivhGe RliCt ur e
28 Februaky 2005 WO 02/18437 PCT/EP01/09630 -51 28' as shown in Reaction
Schene F. This Reaction is carried out in a suitable solvent, such as
di chl oronet hane or DMF in the presence of an organic base, preferably
DI PEA. The N-capping reaction in Reaction Scheme D where conpounds of
Structure 18 are converted to areahbloweralih ure 28 is carried out by
reacting the termnal amino group i the 5 conpounds of Structure 28 with
an isocyanate RZ-NCO. This reactiongs cagried out in a suitable solvent,

such as di chl oronmet hane or DVF in e Ip gnce an organi e \base, preferably
DI PEA. VWen the acylation and urea\f g reactions are conplete, the
ré¥wasted free of residual reagents and

resin bound products 27 and 2,8 a

bypr oduct L LM 154 . g@gp\g f resin bound

pol ypepti ?gﬁ#gw%c%tdﬁe&%flgg%%aﬁg%aP%a carti %aegu k §W§"orrati on of the
N 10 acyl at ed conpounds of StruBeastien Shem@3¥ 37 and the ureas of Structure
34 36 and 38 ((Reaction Schene E). However, Reaction Scheme E can be

nodi fied to provide RX4 groups other than that deriveg fromN e by
utilizing known am no aci dio her than the conpound \Qf Structure 20 in
Reaction Schene B to cd?fboqrgjéluiqfsug,%tr s>Z1"aethd 22. Reaction
Schemes Gand Hillu t he cleavage—oF re i Ag protecting groups in
the N 15 capped poly p{jdes 29, 30, 2,38 amd the cggacon tant cl eavage
of the peptides fromthe sglid supﬁor < Fhis reactV’®h 1s carried out by
using a strong organic acid, preferably trifluor oacati geaacid, optionally

in the presence of an inert solvent such as dichl orqnephanenlaived a trace
(199 of water and optionally in the pregence of ond& or nore carbocation

scavengers, for exanple gthgnedithiol L an et hyl sul fi ded triethylsilane
and ani sol e. The pol ypept dellcl eavage s}l_tf?i onis 0
N [#] = (o)
) N h)__/ P 104 A
N P h N
i 3 103
Mes 108 Mes —
cH, 0 O
CH, O j’\ Bu,NN,, NaN, - @{;}L A
F N O
W )—/ acetonitrile N pf
N Ph ' Mes
Mes 107
106
. Hzoa’
LiOH
THF/H,0
o, 0 | GH,
@EWL oH . 1_1.H2, 10% Pd/C, MeOH MOH
3
N NHFmoc 2 Fmaoe-08u, NaHCO, N
Mes THF/H,0 Mes
108

5 : 109 ' 8



20 filtered free fromthe solid support, then is diluted with a _suitable
sol vent, preferably diethyl ether, and the forned sol i“FFehrean: 9% ct ed by
filtration. The solid pol ypeptides of Structures 39-44 produced in
Reaction Schene H maybe purified by reversed phase chromat ography by using

a preparat{ys9,5k&; colum. Wth the appropriate functionghtkbfifoddius now
available to formthe intranol ecular am de 25 bond, the N-capped |inear

pol ypeptides are subjected to am de £eg4mi ng reaction conditions well known
in the art. Accordingly each in turn of the the linear peptides 31, 32
( React i on ASetivsiiEn Gkactiain Schidfhe 34, f-Medeli(NBFMS)HEFBpHah 108 waé Siepdritlsy usiig @i | nert

- solvent, for, exanpl nd, b ddi t] on riiar nm ne base,
for exanpM¥hg %%Y%ﬁy%t¥%iﬂgmw@$%#’ia§d%P@'s#’gd%?tgﬂ%{aﬁ@Bbarent pH
_(I)_l;] 8, 3gri 61992 11t the fieelstesh thalmtﬁ{glem tmﬁk-ﬁﬁofeqr—mrﬂt ' Qt aﬁéta_g;ei}tpfofeafde]gb:?ﬂiﬁl:ﬁigﬁ.
he r i.on 1S gconveni.en caryi u a u
zero degr gogdi%ig%%esﬁ‘a’gg nﬁgsé lg(lrleé%l 0)1/1 a)lﬁal‘%:ljﬁ EFE%HE%’%‘E%E eqHig t‘t?"f’eact I on
it al | dweihdoly agidd@bwith amkdebs (P12 eggivi udg an dfen alkplmy 3thiu@o naagent, et hods,
used by tgpd%@ lﬂﬁ.&? I Hﬁ;ﬁ”m ' i e ction are
for exanpl e, %{%eg%%ana yotélhcﬂaﬂty . %Fe{r%riyltrlg?ngva: g%]fﬁltsaﬁgl?g?év{eﬁgn.sol vent s
in vacua PrafEably igarehydyatiias, 35 a trmneeatute pf fopp od (G &0 4bophd08°G mast eecoieatly shown
i n Reacti en-78¢hewnild theP4ctRf id fhaln@iiedat 3bodf .0 “WAHP R4 AinBeE4 HREL 09630
o R S o e B et e GE e
col um. i's
NHCO Bra dgméecgad&n&yﬁddaﬁilcdﬁégﬂgjsd&nﬁ?@ﬂéddﬁ.ﬂl @ER chbial bk lw(}ﬂ;-%ﬁ-ﬁl is SS
are prepare nmet.hodol ogi es,.. put | e [ C S ar, to
(hose dos AP ARG AL BNl bt Gl P9t 7688 g ftatea
pr epar at i specief 10dhe givaibe zhiag aoflaBidel03. dhe cdnplihg wes aécamsplivhiéDria Téxeppenul ti mat e
i near Pobyankl fafe&md85 S e liftd bl RABE e Nb e d S EXSERLL ON ¢ hat
am no~aci S‘{l é a co‘?ltgal_qhn;;p.ro ;(ége%fegi ?R; Si 8;'*(3%3& &hioes%s;es, rexanpl e
Froc- Oy s ( Fie 1020p4s reagied wi nthl_ d@hlaride, F exampple vty Tplosinete.itsd of the
gr owi g I &RhBrORHAH SRR E:iv%?vl_ RlghE B&?&%%{S&vﬁxﬁ lcﬁoﬂid@ﬁ%g?reggﬂé Sfan
preparation_of the resin bound [inear polypeptides 1s iIllust atecf I N
React i on SERaging bassfoxexampletgetyylaming g disopropyiethylemingnearetsmbliih i n Schene L,
the resi nuirthybshihé. Thatritegx daeRkkedRssiils tha tlidide of b QRBRIac ichiohae oTen the

A T T TR ST N
resi n bouWble dnbydnidedbingdion is run in an inert solvent, for example tetrahydrofuran at an initial
" 20 temperature of between —100 °C and 0 °C, preferably at about —78 °C. The reaction is allowed to
go to completion at a temperature of between ~78 °C and 0 °C degrees, preferably at about ¢ °C.
The thus formed mixed anhydride 103 is then reacted in situ with a solution of N-lithiated (R)-4-
phenyl-2-oxazolidinone 104, previously prepared by treating a solution of (R)-4-phenyl-2-
oxazolidinone in an inert solvent, for example tetrahydrofuran, with an equimolar amount of 2
25 solution of an alkyl or aryl lithium reagent, for example phenyl lithium or n-butylithium,
preferably n-butyllithium in an inert solvent, for example, hexane at a temperature of between —
100 °C and zero degrees, preferably at about —78 °C. The coupling reaction which yields the
chiral acrylamide 105 is carried out at an initial temperature of between —100 °C and zero
degrees, preferably at about —78 °C, and after all the reagents are combined the reaction is
30  allowed to proceed at a temperature of between —78 °C and room temperature, preferably at

about room temperature.

The highlight of the transformation of the chiral acrylamide 105 into 106, is the
controlled generation of the two new contiguous chiral centers present in 106. The reaction
involves the stereoselective 1,4- conjugate addition (Michael addition) of a methyl cuprate,

35 formed in situ from cuprous bromide-dimethylsulfide complex and methyl magnesium bromide,



53, and the resin bound heptapeptides 54 and 55 are converted to the
correspondi ng N-acyl ated derivatives 58, CO and 62 andSHoryane005
derivatives 59,61 and 63 (Reaction Scheme M: 15 In Reaction Schene N, the
N- capped resin bound |inear hexapeptide 56 is treated with a strong acid,

preferably toickhssas oacetic acid, optionally in the presepegrpiiosdioel nert
sol vent such as dichl oronethane and optionally in the presence of one or

nore carbocation scavengers, for exafpte ethanedithiol, dinethyl sulfide,
triethylsilane and anisole. This causes cleavage of all side chain
pr ot ect i nde the dligheakascapidr) the &, fetusatizajesl efbonilsyitem peasent ept5dEhefresalatthe sol i d

support. Thet20:1546R8idR8; &ﬁ@]iaﬁ r . ure of
bet ween 0,C angelgcfa_ C agérll_gfﬂgflg%:ay. at _E%%%%ﬁper&ﬁﬁ%g%%b%gp%yﬁt i de
cl eavage SEmaspesinimides forsveds Aspieasiin therase of the Mighast addision, the inbarpotationdi | ut ed

Wi th a suiot@&bbRnsditv@Nd sterBbselb@ivalRbiiralicd bPile R Pheny Pdup BE e QhHR ,ds
are coll gﬁed by filtration. The solid pol ypeptide of Structure t hus

produced dpicsHedively shigldsshe sifage pf beth thyo,B-awmeaturatedpivplorazolidivme systersqudy by

usiNg & Pefiaeahidife ildl-BRIMNnolti%ont NERK srom NGHARERAILR, BforkSurl BE"
treated undﬁ{y oxi dative ,conglflﬁtzﬁlons wel I known to ong ski ed i e art,
that can MFRILEPEHEdseution plgpehyl magacsiom bremidaia dicthsd eherinlded to agpludior

agueous sof@imbﬁfn;iﬁé-dig:?ethﬁﬁﬂ'ﬁlﬁqﬁ@ dﬁﬁl ﬁga@ﬁﬂﬂisggeﬁ’hwp&%ﬁ@jﬂemak ool ed
i nor gani c e, .or r a i um. [,OXi and then oxygen was bubbl e
into the g‘@ﬁ% qréﬁm%ﬂ Pﬁ'ﬁ@”@%%‘ﬁ%‘ﬁ%@f{%g@ﬂww% H?faé'ffeogsi ng
st andai® hewkeod$8 °€ end moantemperiituGs, prefidilfat -APCelnsteahnfnadthybagdegumeact i on

sol vent s Ll il ' 1 t7i. d | £5 S-S

pr epar ed gﬁr? £i?e;éo }glp te}g W?ﬁ?ﬁg@eﬁgﬁ ﬁg??degra%sfoﬁ%%lpﬁ?%%??e‘ ag?/&?rev_lr%@ﬂ) phase
chr omat ogPRgHiammethyl. g this faresd selutioncof @teghyd oiprate. is idd in s asdlationod i t i ons

"to those S,G<) Qﬁ{l? he:.C hon, w t-h ;Reactd an . Schemes H and
I, the regﬂﬁ%%t&%geﬁlgg# po @‘%&B? }ndag\gﬂ %gg-(%fn Bgretsf oblv?%%%ﬁhyareoggf"? I eS_c henes 0
and P, ar BethgEnuprasradditionrisine initielitht & kapetdnere o6bétoresun3PE 4ndroomgi ve t he

| i near 1spepbireRs1b S I 6 v
(React | on %‘gﬂe @ B e o o) (e b DA When 3
above, tojugg e fepctiop axqoBmifited e g izl e OHPLe) tiisdhen comleditrd on Schene
PL- The Fmprﬁfdrélef lﬁgbeéﬁ ~m9’¢|  dntd -4, lpfeﬁ@adéﬁd MBunizscbewhe bﬂﬁ%&l_@lﬁﬁﬁfi Eed
above, as s.. the acyl.ati.ng .agents .and.i socyanates used to N-cap the
pol ypept i ‘é“éﬁv‘?“ié’ﬁ%‘ak“ﬁ%%ﬁ“@gﬁ%%ﬁ%&‘FF‘QPS‘%ﬂa’P&dﬁ&ﬁ%ﬁff 5??‘1‘39“%’65’9%’ e. The
Froc- ami nistraltydeofa@n if addedi Thatpaition isthen illesved téprocesdpbatthpefature of between 0

20 °Cand room temperature, preferably at about room temperature to give after isolation, the

bromide 106. The bromide is the displaced by azide ion with a concomitant inversion of
configuration. This transformation is accomplished by reaction of the bromide 106 with tetra-
butylammonium azide in the presence of excess sodium azide in an inert solvent, for example
acetonitrile to give the azide 107. The reaction is conveniently run at a temperature of between

25 80 °C and room temperature, preferably at about room temperature. Treatment of 107 and an
alkali metal hydroxide, or example sodium, potassium or lithium hydroxide, preferably lithtum
hydroxide in the presence of hydrogen peroxide resulted in the hydrolysis of the chiral auxilliary
to give the azido acid 108. The hydrolysis reaction is run in an inert solvent, preferably water, at a
temperature of between 0 °C and room temperature, preferably at about 0 °C. Hydrogenation of

30 the g-azido acid 108 gives the B-methyl(Nin-Mes)tryptophan which is immediately converted
to the corresponding N(0:)-Fmoc-B-methyl(Nin-Mes)tryptophan 109. The hydrogenation of 108
is carried out over a noble metal catalyst, preferably 10% Pd/C, in an inert solvent, for example a
lower alkanol, preferably methanol at low pressure( < 2 atmos) and at room temperature. After
removal of the catalyst by filtration, the volatiles are removed and the product is dissolved in an

35 inert solvent, for example tetrahydrofuran or water, preferably a mixture thereof, and treated

' - with a mild Iinorganic base, for example an alkali metal bicarbonate, preferably sodium



Structure 13, used in Reaction Schene B are prepared %s%%j scri %ggl her ei n
by methods that are well known to those of ordinary s pary %ractr ce
of organic chemi stry. In Schene Q the preparation-of Fnoc-am no acid
speci es of the conpound of Structure 12 fromcyclic ketones is outlined.
These speci @@ whsgh are the Structure 12 and Structure 13criPoabge SO are
prepared in 10 the sane way as the species of Structure 75 as outlined in
the procedure of Schene Q The 4- phemsglcydohexanones of Structure 71 are
converted to the hydantoins of Structure 72 by treatnment with amoni um
car bonat e Rifgbopatesing a fimesNnrreiectingrgrenp forming aergens, fovemmpledniluopenybraethyled out

i N agueouschirbfpite UFﬁi&dJCE o@e-ﬂaortelﬁfnmaﬁﬁlm&caimi‘dmab‘éﬁa@(Flﬂo&@s@
preferably jib ] %) gl_cghDrrect ydro] ysis of the hydantoins to
the ani no BEFRRYSMoS ih‘é?ﬁreshr %«fa‘fﬂ?mécanrﬁwal FTyRat ¢ femRewBre ofy t h

rs] t {j ong bastefween b °6xadpdom tainpbratibe, pmmmmymhwmdem&q’leﬂhnanﬂ%eafonwoﬁﬁu sarium
ydr oxi de ure. nat i.ve ounds of Structure 72
can begcoﬁ%@?eﬁf queggg f?’é’-]@oagldp\lefgrg—% %afh %@'pﬁ & 74. The reaction

is carried out using tert- butyl di carbonate [ (Boc) 201 in an inert solvent,
preferably teffPantremdinyeatipnaaylso jorn provess fpn the preperadn ofip compawridofab ne
base, prefgmabh:y TEA and a catal yst, 4-di nethyl axni nopyridi ne 20 ( DVAP) at

a tenperature of fromzero degrees to ro tenmperature, preferably at room
tenperature. The bis-Boc hydagpe‘ifg_f\S ructure—74-are readily converted

to the amino acids of St Yetre 73. Jhe reactr on is d€bgaplished using IN
sodi um hydroxide in an i er sol vent, ef erabl y di rre hoxyet hane (DVE) at
fromzero degrees to 50 referably abo tr nper at ur e.

t he conpound of Structu e Hrea ti o
by treatnent of a solution ‘Bf t am no aci 7 ina mxtureof THF or

di oxane, preferably di oxane and® aqueous sod glar bonate with 9-

fl uorenyhnet hoxycl loroformate (FnocCO ) at a t nperature of from zero
degrees to room 30 tenperature, preferably #>T 0 ,t enperat ure.

Al ternatively, N—(9 f I uor enyl nmet hoxycar bonyl oxy) sdcci ni ni de I(anc%u) IS
added to ahewinRitoR bimith €, ENiand Zacd a defitzd abovady datatiac efadmitict bbed or a
contaigjn rably TEA. The reaction is
run at Q?rghrrsrﬂlfg?g g(r%}eée%%%tﬂ)%)g%enpera?’umgﬁpref erably at room
tenperature. In another variation of the procedure, DVE is evaporated from
the hydrolysis m xture in the 35 conversion of 74 to 73 and the reaction is

adj ust ed (Pharmpkbulital Gdwepgsieised t i ng sol ution of the

Protection of the am no f nctron |ty—vvr h afjf F °opinacorrpound of

25 Structure 73 is carrre er r|e io H‘zonditionsto

gi ve - the conpound of c-amfio acid species of
Th

The present invention also refers to pharmaceutical compesitions comprising compounds
as defined above and a therapeutical inert carrier,

15

The compounds of formulas I and II as well as Penta-cyclo(Asp-Lys)-Asp-Apc-(D)Phe-
Ala-Trp-Lys-NH;; and Penta-cyclo(Asp-Lys)-Asp-Apc-(D)Phe-Arg-(25,35) beta methyl-Trp-
Lys-Nt; prepared in accordance with this invention may be prepared in pharmaceutical
compositions suitable for administration or inhalation with a suitable carrier or vehicle by

20 methods known in the art.

The compounds as described above can be used as medicaments, e.g. in the form of
pharmaceutical preparations, e.g. for parenteral administration. They can be administered, for
example, parenterally, e.g. in the form of injection solutions or infusion solutions.

The production of the pharmaceutical preparations can be effected in a manner which will



sodi um sal t of 73 is then treated in situ with FrchSuF?%1 Fnocdl éﬁ di oxane
at a tenperature of 28 February 2005 WO 02/ 18437 PCT/ E Fekswany 20 from
zero degrees to roomtenperature, preferably at roomtenperature_. In the
sanme manner, as in Reaction schene Q the tetral ones 76, the

N-aryl - 4- ketg@piagssy di nes 77, and the cycl ohexanone deri yagipffodhf can be
converted to the correspondl ng flnoc-am no acids of Structures j-3,29 and
8Q all of which aI ong with 73 form sildgenera of Structure 12 utilized in
Reaction Scheng B. 5 In Reaction Schene Q the conpounds of Structure 73
where R4 ri¢feadianio angpersanskiledin theprbbihringingshesompokndsas derdribsdehov2 and R3

i s hydrog ubﬁhllnykEco‘ibﬁiueﬂﬁﬁk\ﬁth%EHeHM &Rlly mma%ubs%@&%ﬁ%fa&m%&hml ation

of the co f Struct re 81 as sho ction Where R16
r epr esent pclg le}%‘& oRe 't‘E‘i“kﬂﬂmngg"é'P cglﬁéoaapﬂfr "i‘ Hr]i‘“é”‘é%ﬁr‘fi‘?fed out
by usi ng matpﬂﬂmmfédskyd,uhalphﬁﬂnﬁeuﬁialmﬁme Rl6halide in the presence of
an al kali nmetal carbonate, for 10 exanple, sodium or potassium carbonate.
The al kgl hal i []2s0VA8) jﬁﬂﬂ e y an
al kyl |gd| de. S{'Ii'iﬁag rea%tr ?ﬂg%ﬁ%rlgéﬁ C'p‘go ve en?‘?ﬁ1 e%lgl?{ehaeigsogﬁ sologéagincc%ﬁie%t

sol vent tHB&erEﬂl%rmt es SN2 di spl acenent reactions, for exanpl e acetone,
2-but anone or N, N- di nethyl formam de, preferably acetone, at a terrperature
of fromroom mmahaﬁhhmspie&rtalﬁees, Wﬁﬁh@&d@@@@ﬂ@ﬂﬁ@t@&n&ﬁ@n@

pr ef er abl YoabdlE era esen ranched | ower
al kyl groufj '{ ﬂa‘%m %5‘ Pgentshgﬁ%ﬁoﬁwgﬁmoélp e%ﬂ‘f‘?’p‘ﬂﬁ%ﬁmgf%ucture 81
to produ cselubﬂleers demmdné nagting agents endBhtiogidawts cdradintudonsigerativinng a
secondapy fbicetRhidfivals. Structure Rl6halide in the presence of an alkali
metal carbonate, e.g., pot assi um car bonate. The secondary alkyl halide is

preferably a secondary al k i odi d for exanpl e, 2-i6do ropane The
reacti on may bzg%‘g?f%eﬁ%g?ﬁcf’ P‘B‘H?dr‘ pedrsgthed phove san vaer withig W%Wy NN

2 0f Fl i met hythd diseaserto Heconaﬁo]lai, ﬂféw&ﬁ ﬁdﬁidufar QARoN Bf%xe ﬁﬁ&%g%ﬂr%ﬁe #6dd ére

refl ex tenper [ 8, at_a

4-Aryl cyclrsg%rg%{ﬁ%lnes 0 P?%éqfs&rbgcﬁ%fd\g% ai‘?‘@#‘rf@%‘f“&#ﬁﬂﬁ“ﬁﬁ’f"@ﬂﬂﬁfs in

Reacti on Se%eﬁmadl@pﬂé:lnnﬂ@edpfyebmgedfdbpuh}emgM@mhmOOmgerﬂykbmmmomtmne of

ord| nar I t | Qniljﬂ chene
Y Skbit SObﬂl &%w@ﬁﬁ&&dngﬁeﬁ&o @fs?é}{r uy'u%ct (Iﬁgtﬁggés V\#uéét xs@t%g@éé%x{t D& tep

S, treatne e aryl halides o represents
brono or tg%‘?i‘ﬁi/’\fi?ﬁarg"dﬁsﬁ’l erad fospgerits.r eagent, preferably t-butyl |ithium
results in a transnetal ation reaction to give the corresponding aryl
l'i thi um of St Thepharma@dticalpreparetiveis k@ivehisntly contain about 1-500 mg, preferably 5-

200 mg, of a compound as described above.

20 Treating Obesity -

The compounds prepared in accordance with this invention exhibited selective MC-4
receptor agonist activity in vitro. Itis known that agonists of MCA-R activity cause reduction of
food intake in a mouse model of human obesity. Therefore administration of these compounds
agonizeﬁ MCA4-R activity which is important in the regulation of body weight. The

25  pharmacentical compositions containing the compounds of this invention may be formulated at
a strength effective for administration by various means to a human or animal patient
experiencing undesirably elevated body weight, either alone or as part of an adverse medical
condition or disease, such as type If diabetes mellitus. A variety of administrative techniques can
be used. Average quantities of the active compound may vary and in particular should be based

30 upon the recommendations and prescription of a qualified physicial or veterinarian.

Accordingly, the present invention also relates to the use of compounds as defined above -
for the preparation of medicaments for the treatment and/or prophylaxis of diseases which are



-conveniently carried out at -78 C by the addition of agggggtlon &&%the
alkyl lithiuminto a solution of a conpound of Struct

anhydrous sol vent, such as diethyl ether or :‘tetrahydrof ran, preferably
tetrahydrofuran. The aryl lithiumof Structure 84 produced in this 30
manner, i s wheRaegacted in situ with a solution of the npagkeiiabezef

cycl ohexane-1,4-dione (85) in an suitable inert solvent, for exanple
tetrahydrofuran, while the reaction te¥perature is naintained below -60 C,
preferably at #%ﬁ -78 C td |ve the_carbinols of Structure 86. The
conpounds 4§focist W%’ﬁ%ﬂ%f“ﬂh@v theprpgntian relatesto amaetbedifabi nol s
of Struct uhe nsﬁmea'ﬂmd/o& 9aqﬂay1@:as dfSiscRBMANEHERE st}ioda@é’dﬁhﬂﬂnélkﬁocbﬁhngre%e ptb ONg

organi c acj referabl 33 toluenes cid in an Lne
so?vent f&&“ ﬁ%ﬁ é@ﬁ%”%ﬁ‘¥ﬂ$ﬁﬁﬂﬁgaﬁ?%w%m- ﬁﬁ% e °a§Pn§8%ﬁ@5ruary

2005 V\D 0 Zdrhaﬂ:&i 'R@t‘bﬁ?@lﬂd@ 9&3@(3&155* uséfal foethe trxatmemmdm prophyidxid dfebesitlyvent .

The for gEdTH@.B@EEIUbr? al§u 1 r:r& w CSIQ@ a%s &eﬁ&i !lb%q {Hlél %e 0 etss aa Dean

t
St ar k apparatus to ena 0 go o conpl et on. nmpounds of

e
St ruct ur e Bgeribed a&?ﬁédﬁé@h%@h%ﬁf@@ﬁ@fﬂsmmw aéﬂe&neﬁasbcm‘: fGStuFQm‘t ure 87.

The r Ieact nlﬁlaapamceaiwa{vsaﬂ&as,xpaﬁﬁmw%@&a pedié mv@suﬂamc%s fPhatrefiddent ySt, for
exanpl e pa

diu i 0 tnDsp ere in an inert
sol vent, e/ propy Bvis ot s wﬁ%ﬁrﬁw Gt %c’rq%re@g%?rafsaﬁzew
usual |y carrled out at roomtenperature and 40 psi of hydrogen, however if
the aryl ring in Structure 87 contains a group prone to hydrogenol ysis,
e.g., if R, 4 or Rs represents chloro, the reaction pressure is kept at
about 3%psi. Conpounds of Structure 88 nmay be also obtained directly from
carbinols of Structure $6 by reductive elimnation of the hydroxyl group.

t odl QR$ this r eawslmﬂaons-@mwbenl&r Qﬁdér&i@odli}ﬂ@@téﬁ& t@Ehe?pﬁllldﬂﬁﬁ ; g16s, WREh= R4 :Hd
an 1 Rer sovnt I-C OI’O t ha is treate
GaietuP et HEtond Bt derPbuiFae BB R Aoty oduci |

With a Lew S 4c¢] uci ng
agent’, fo rcompanylseppaanag hythsEJtaaxpha,s sation thedrydmpedsihae: gaﬁerﬂtydmn aeiteddayr ees
to roomt we. Renoval of the ketal protecting group in conpounds of
Structure 8% gives the ketone of forrmula 71, which is the starting materi al
for Reaction Schene Q 15 for preparing the Prnoc-am no add speci es of
Structdfe 75 of the compound of Structure 12. The reaction is conveniently
carried out in acetone or 2-butanone, preferably acetone under acid

catal ysis, for exanple 4N hydrochloric acid or p-toluenesulfonic acid at
fromroomtenperature to the reflux tenperature of the reaction m xture,
prefierably at the reflux tenperature.




5- Substitut ed-beta-tetral ones of Structure 76 shown in Rﬁg ion ﬁ@herre
which is the 20 starting material for preparing corrpor?ﬁ ay 20f%re 13
are known conpounds, or if they are not known they can be prepared by
met hods that are well known to one of ordinary skill in the field of
organi ¢ chergpdzidaz7! N the present instance, conpounds of pSkipsifivssg 76 are
basically prepared by two nethods outlined in Reaction Schenes T and U. As
shown in Schenme T, a 2- substituted hydroci nnam c acid of Structure 90 is
converted to the correspondi ng carboxylic acid 25 chloride of Structure 91.
This conversion can be carried out b@@éﬁ-&l met hods, for exanple by
treatnent of the hydrocinnamc acid with oxalyl chloride, optionally in the
presence of a catalytic anmount of N, N-dinethylformam de, in an inert
sol vent , <HEAMBEE benzene or di chl oronet hane, preferably dichl oronethane.
The reaction maybe conveniently carried out at a tenperature of from zero
degrees to roomtenperature, preferably at roomtenperature. Alternatively
the 30 cormespdionlf Bhboe!tiabie,-29h w&aﬁ%m&mﬁ&&ﬁv@nﬁmﬁa de form ng
reagent such as sulfuryl chlori in an inert solvent, for exanple benzene
or toluene, preferably toluene at a tenperature betweenwroomtenperature
to the refékéB( fenmperature of the solution, preferably at the refl ux
t enperature.” The di azoketone of Structure 92 i's prepared by treatnent of
the thus formed acyl halide of Structure 91 in an inert solvent, e.g.,
di chl oronet hane with an excess of a freshly 35 prepared ejhereal solution
of di azonethane. T i on BENs(BHYSHBs | g5e ﬂ i

" t L)F arried out
at ice bath tenper¥§ € &i Q m?gg%rﬂ-s*r h .,to roceed at a
tenperature of fro Febrtary 20 292/ 184 ' ¥H30 -56 zero

degrees to roomtenperature, preferably at roomtenperat@e. As shown in
Reaction Schenme T, cyclization of the di azoketone of gStructure 92 to
furnish the tetralone of Structure 76 is prom)ted by rhodium (I1) acetate

dieter in an i r

normal l'y carri gg%ﬂttwga %hcg}rl%gfr%h%rr%nee&a (=] to ﬂllmr B @e?ﬁbgﬁg&%ﬁ ure of
the 5 sol yetesk33 rpla)eraerghm Bressure bpide,veck¢ added mmnméaon@m@ﬁmwsmmol 6
Structure eZﬁvR otaskifinPeySdiad (tsl sd’@faﬁ{dl 81'5 dqRivIe a6t BRureGRERB Pat %ﬁw eine

represent g ear or nched Tower al oup can be prepared as shown
in Realfio ? §é €9 %ﬁﬁeﬁ%‘ﬂ’b%ﬁﬂ"é""ﬁf @?efiﬁ‘&%cﬁ?”égg ReSHFFbn Schene U,
t he conpo urtgdmudﬁr @30 uedh | T resAingpakipitite BRs fubtiod fileundd; ﬁﬁl#hh@&ofdﬁéﬁlﬁmﬁhky |

| ety arg.pk ERALEd tg ¥ief<):ler£é }%danﬁ%l £ :Eusl aovxcin&fso]&cp ﬁ4 0 g, 100% yield). "H NMR (DMSO-
ds): 8.63 (s, 1H), 7.23-7.36 (m, 4), 7.15 (m, 1), 2.50 (m, 1H), 2.10 (m, 1H), 1.85 (d, 1H) and
1.55-1.80 (m, 6H).

15

Step 2:

O

- N NaOH, H20 NH,
OO 2= ()
]7’ CO,H

A

The hydantoin A (10.0 g) was suspended in aqlieous NaOH (6N, 350 mL) and heated at
20 130 °C for 2-3 days. Upon the completion of the hydrolysis, the reaction mixture was
neutralized with conc. HCl to slightly acidic (pH ~6). The resulting slurry was filtered, washed
with water and dried to give 1-amino-4-phenylcyclohexane carboxylic acid (APC) as a white



1o napht hal enedi ol of Structure 93 with a prinmary al kyl_iodide qor brom de,
preferably an iodide, in the presence of a base such &8 Fgbréankg095 net al
carbonate, for exanple, sodiumor potassium :carbonate. The reaction naybe
carried out in an inert solvent, preferably N, N dinethylforma rnide at a

t enper at ur ew@fo2fig@m room tenperature to 100 C, preferabl yoplepaidmosse The
conpounds of Structure 97 where R -"Ois a branched | ower al kyl are
prepared in two steps 15 fromthe 2-t6tral one of Structure 94. The
‘tetralone of Structure 95 is subjected to dehydrogenation in the presence
of a nobl éO#PeQzélga%@P&Wéld;C%@@nnﬁgdwﬂmamw%@mchmw@dwﬂywmm in a
sui t abl S h%eghsﬁail bdtnﬁ@n sp%ve@e ﬁﬂﬁhﬁ?\&s Fuﬁﬁéﬁ%ﬁ?{ﬁLt@.ﬂiNﬁm% (fiﬁw@&a@?ti zed
compoun r e phi_ho ruct ur LS en

& a1ty a2 en bR G PRl 13 2 B Sredenddsim dmde such
as an al kdl20 (meiH); LBM M electt @prap) efealmNiy1)E aGladrforo sHigNas,219.0 furni sh 20 the
conpound of Structure 97. The reaction may be conveniently carried out in
an iner¢ solvent, preferably N Ndinmethylformam de at a tenperature of
fromroomtenperature to 100 C, preferably at about 40 C. The tetral ones
of Struct yre .76 are produced by reduction of the conpounds of Structures
94 and 97 °H#dér dissol vi ng netal conditions, followed by the acid catal yzed
hydrol ysis 25 of the internediate enol ethers. The transformation is
conveni ently car =\¢ o] Ny NHbBe  poghé@enwi se goe ti om—f NHFm@ege excess of
an al kal i rretal, iumm—_po-t-a-sshrm e ¢ sodium to a

boi | i ng sol ution“o bEORHt e FaEHIQduer Va —/ 0&BLMr abl y et hanol
until the starting nmaterial is consumed. The tetral ones of Structures 76

are obtained b 155 Ef Of . i i s0l i r i enol
ethers with a g]tlér %rﬁgé acl ociatb‘l%ig%?é&%%g g%%&’gyﬂg%mﬁ(égn%é%ﬁg%ﬁi(ggéci d.
The hydr oMpssuspepdsdin digrne 08 mL) pndaguerusdO 8eaiGOs A15Rinsl) andstised sigprowdy
?I coh‘ohot I@i’r&f@hﬁ?&)é r@rcaamkmral ; &Qs%%&ﬁraﬁa %@re%%&?:&{rxﬂr&uﬂﬁliz@?{vﬁﬁfglﬁ HAom
enper at ure.a X tenperat.ur e sqlution, preferably a e
refl ux te};&s&gﬁ&){ﬁc@c qpﬁ%ﬁiﬂ‘&ﬁ“%‘ﬁ@%%v%&m ingd OFFRPIGEETACE WS | i zed i n
React i on Settedwithbaine shddtidduyer Mns@y. iReh®vil bf fhe eclvtnt e thee el pcducdiehich
formula 7 ' - am id s | €S February 2005 WO
02/ 18437 %551%\@1' S@V%o}lgggg%y‘%ﬁ% ound %ig&%%cr tc d??é&{ﬂtﬁg%g%ound of
St r uct ur e FOBCick-APSHAS 38> B% everallvirld fontvey steps) arfifimwpc-trans-APC (2.1 g, 8 %). Fmoc-
15 cis-APC, "H NMR(CDs0D), 7.79 (d, 2H), 7.72 (d, 2H), 7.37 (t, 2), 7.24-7.32 (m, 4), 7.14-7.23
(m, 3), 4.37 (d, 2H), 4.24 (t, 1H), 2.55 (m, 1H), 2.28 (m, 2H), 1.84-1.96 (m, 2H) and 1.64-1.73
(m, 4H).

EXAMPLE 2

20

Preparation of Fmoc-1-amino-4-(4-methoxyphenylcyclohexane-1-carboxylic acid (Fmoc-4-
MeOQOApc-OH)

2

Step 1:

Mel, Na,COs
OO0 2 e O
25 © acetone, reflux’ \




- is shown in Reaction Schene V. In Reaction Schene V, conpounds of Structure

100 can be prepared by reactions that are knownper se.zaﬂ:cﬁbr%ﬁﬁi)%, t hey
can be prepared by coupling the secondary amine of Structure 98 with an
aryl brom de or iodide, preferably an aryl iodide of 5 Structure 99
"(Reaction Sehepmsady. The coupling reaction is catalyzed Byrgpn@Risg netal
catalyst, preferably tri(dibenzylideneacetone)dipalladium in the presence
of a chel ating phosphine 1ligand, preferably tri-o-tolyl phosphine, and a
hi ndered al koxi de base such as sodiumtert- butoxide. The reaction is
conveni ent |y cérsoludign efd-(rirydeaxyphresyBeyaichaepiren(5.0.gs 20§ munlpinhydorey($00 sol vent
such as di 066 fe{ Lol ﬁﬂ?)e r@t yr f ,fr.om 60
Cto the t@?@?fﬁ?ﬁ@ﬁ%e?aﬁu@%ﬁ%?eferglg%lg at @8@”@5@%@%@ ﬁh%g’ggfsbonyl
pr ot ect i nduBelotipaui- Temsetiondvasdoatedatisve ovemigbt nlfter dlie Slventovasmemdikd,can be
carried Ouhe BYdR WiltleBibd with HB bhPSGractilvitn KROND ’l’lﬂahc;rpaeﬁlcjdé Fialls ?Itereor gani ¢

be achi &ve be

chem stry. Pox exanple, the aeprot ecti1on can reat ment of a

sol ut i o EPmEBHHEGTERsheviflybrie) digdisverNai e onrcenatd inyacuet torpivedhe
2- but anon apeottblclpiillyAieAUSmEh ARy BCydomBlbtin 98154 £ oo 2 MR D)

hydrochl orjc acid at a tenperature romroom erat ure t

reflux terfd€i@ dik 087 QndDnd X8 (5 3D, 3P 1ED) 345258 Ko, 4585 2.9) (m2¥Ppad at ur e.
The conpoumd-10d8 (Bt PHE: S RlckR + [ wt h an aqueous
m neral acid for(ms,H?n Rgact?sg}‘lﬁg%%?re t)ﬁe@a%dgr%ro%ﬂg%’zg%r ucture 77. The
conpound of Structure 77, as denonstrated in the discussion of

Reaction. Schenme Qis the internediate for the conpound of Structure 79

whi ch i1 $tep2species of add of Structure 12 wherein Qis 20 In Reaction
Schenme A, am no acids of Structure 5 are known conpounds where RO is or |

| CH2 28 February. 2005 WO 02/18437 PCTI EP01/09630 -58- On the pther hand,

am no acids of Str ure wher e HEN, (NH).89; 1 s | ower yl, eN,,fzﬂere R9
is Me 0 »  MeO 4
EtOH/H,0 *7rNH

(4]

To a solution of the 4-(4-methoxyphenyl)-cyclohexanone (3.86 g, 18.9 mmol) in ethanol
(50 mL) and water (15 mL) in a glass pressure bottle, were added ammonium carbonate (145,
151 mmol, 8 equiv.) and potassium cyanide (2.0 g, 30.7 mmol, 1.6 equiv.). The mixture was
15  heated at 80-90 °C for 24 hrs. The cooled reaction mixture was added to icy water (300 ml) and
stirred vigorously for 30 min. The resulting precipitate was suction filtered, washed thoroughly
with water and dried to yield the hydantoin B as a white solid (4.75 g, 91% yield). MS
(electrospray) m/e 273 (M-H), Calcd for C;5H1sN,03, 274.

Step 3:
. Boc
H : . i O
N-2° N
o i : “Boc
(s] 0
.20 B C

To a suspension of the hydantoin B (18.7 g, 68.25 mmol) in dry THF (450 mL) were
added di-tert-butyl dicarbonate (37.2 g, 170.5 mmol, 2.5 equiv), triethylamine (10.5 ml, 7.59 g,
75.0 mmol, 1.1 equiv) and DMAP (460 mg, 3.65 mmol) in succession. About 15 minutes after
the addition, the reaction turned into a clear yellow solution and was stirred overnight at room
25 temperature. The reaction mixture was concentrated under reduced pressure to yield a solid that



CH | ower al kyl are prepared froma conmpound of formula 101 via Reaction
Scheme V as fol lows: Reaction Scheme WO OH 1.2 equi v.28giPruang20¢33 0 o
Bu4NN3, NaN3 acetonitrile Mes 106 0 H2021 LiOH THE/ H20 CH3 O Mes 1. H2110%
Pd/ C, MeOH ' CH 2. Frnoc-OSu, NaHCO3 THF/ H20 Mes 5 10-9 104 28 February 2005
WO 02/ 18437 wiXekh&R91109630 -59 As shown in Reaction Schepgr¥boieesso
3-nmet hyl (Ni n- Mes) tryptophan 109 was prepared by using the nethod
previ ously described by Boteju, L.W,-6A¢nger K., and Hruby, V.J. Tet.Lett.,
33, 7491 1992) . In the first step the nitrogen in trans-indole-3-acrylic
acid 101 i %ﬁﬂttaé‘é’i‘ 88 I QA £ §Q0rmE o washedywithh BN E81 (35P ol i saigrated aqueous
mesi tyl enetuCOORAR0 &) diPbrinkNBx50 8AG} drRA ob& aﬁﬁy’dmlﬁqha?smaﬁx c&ﬂc&ﬂﬂtéﬁgmrdPe >
i ndol e amrgd %le rvmth q?lexc Sp (t>u2 egu&v. 25 of, aEi olu |or]1]‘:1(3;c an al kyl or

aryl Iithi"THcF e%ge%'ﬁ]fej g prude ght yellow product was purifie ough flas omatography
' (hexane/EtOAc, 90/10->70/30) to give the pure bis-Boc hydantoin C as a white salid (27.6 g,

5 87%). "H NMR (CDCls): 728 (dt, 2H), 6.88 (dt, 2H), 3.79 (s, 3H), 2.14-2.24 (m, 2H}, 1.59 (s,

9H) and 1.38 (s, 9H); MS (electrospray) m/e 538 (M+MeCN+Na)*, Caled for CosHsslN,07, 474.

.

Step 4
Boc
1
N \fo NHFmoc
y/ “Boc _ COH

Cc

The bis-Boc hydantoin C (15.08 g, 31.78 mmol) was dissolved in DME (500 mL) to give a

10 clear solution. To this solution was added 1N NaOH (290 mlL, 290 mmol) and the reaction was
stirred overnight at room temperature, giving a slightly cloudy mixture. HPLC showed
completion of the reaction. The reaction mixture was concentrated under reduced pressure th
remove DME and extracted with Et;O, Without purification, the resulting aqueous layer
containing 1-amino-4-(4-methoxyphenyl)cyclohexane carboxylic acid (4-MeQAPC) was treated

15 with 6N HCl to adjust the pH to 11-12. To this solution (~300 mL) were added DME (300 mL)
and a solution of Fmoc-OSu (16.7 g, 49.42 mmol) in DME (200 niL) and the reaction was stirred
overnight at room temperature. The reaction mixture was concentrated under reduced pressure
to remove DME, acidified with 3N HCl, extracted with EtOAc. The combined organic extracts
were washed with brine, dried over anhydrous Na,SO; and concentrated. The crude product was

20 purified through flash chromatography (CH,Cl/MeOH, 98/2->90/10) to give the pure product
Fmoc-4-MeOAPC as a white solid (12.4 g, 83 % yield from the bis-Boc hydantoin C). 'H NMR
(DMSO-ds), 7.88 (d, 2H), 7.76 (d, 2H), 7.40 (t, 2H), 7.30 (t, 2H), 7.11 (4, 2H), 6.85 (d, 2H), 3.71
(s, 3H); MS (electrospray) m/e 470 (M-H), Caled for CasHpNOs, 471.



exanpl e phenyl lithiumor n-butyllithium preferably n-butyllithiumin an
inert solvent, preferably tetrahydrofuran, at a tenpe?ﬁfﬁ%@“ﬁ¥2@¢%n1-40 C
to about -100 C, nobst conveniently at -78 C Wiile the reaction is
mai nt ai ned at about -78 C, the forned dilithiated species is then reacted
with nmesitybeng onyl chloride to furnish the nesityle i de 102.
The N 1o protec?gg;indole acrylic acid 102 is then couplg§ﬁ§#@ﬁ&?ﬂg chiral
auxiliary (R)-4-phenyl -2- oxazolidi nogg-(preparation see Nicolas et al., 1I.
Og Chem 1993, 58, 766-770.)as its N-lithiated species 104 to give the
chiral acrB¥/AMPIdE3 105. The coupling was acconplished via a mixed anhydride
formed from 102. To formthe m xed anhydride 103 the N-protected indole
acrylic ggbglahiBR ofa$ndcaaGhae st éﬁ@&& cagmel1- Hal-H anple t
- -butyl chl r}%o{ra te, J2q4 6 %gwﬁre:&::h or o%gﬁézl%/l chll %ﬁghg?ﬁ%&%l
chIoride,I%QQFEP |y pivaloyl chloride in the presence of an tertiary
am ne base, for exanple triethylam ne or d isopropylethylaxnine, preferably
triethyl afhepide. The criteria that nmake possible the choice of a suitable
acyl chloride to formthe anhydride 103 are well established and are known
by one of ordinary skil jdn opgani c chem stry. he anhyali de formation is
run in an inert soly@&s Fehe Latpah a i
tenperat ure of between , d O C, preferab :
reaction is allowed to go to conpletion at a tenperature ofbetween --78 C
and 0 C degrees, preferably at about 0 C. The thus formed m xed anhydri de
103 is then reacted in situ with a solution of N-lithiated (R)-4-
phenyl - 2- oxazol i dj none, 104, previously prepared by treating a solution of
(R) - 4- phenyl - 2255500 efdi-otydromyphgaylicydphexanong &5 2 00+ mmelyip pegtone (100
tetrahydr ein)van mmd&amanz@%tumg,aﬂosmm eqifv) nd Bdoctnl (1009mbf 2009 abkYy! or
aryl.lithiumreagent, for exanple pheny| I1thiumaor n-butyll.ithiu
pr ef er abl mqlbf?@r‘ﬁ (T EFAF1R o D1t O3 OF szt Sicptbgapivent wasrmedt o
tT ﬁrrper a6 :J_rtl& 1efidusaiabested withB,Eamig ) tréﬁécpwiﬂeﬂttﬂ@h_ | s,mebfgaﬁ{ca&&%?&qabout _-73 C.
e coupling. reactio i.ch yields t chir acr m de isS carrie
out at an CPﬂP’P?CQﬂﬂdr“@%gfr]VﬂmeséilP%@wﬁwQ4 cqOSHeAdR SuciiEgp B he
pr ef te_r abl }spa&oﬁb[ﬁcmlypﬁ&tma{bﬁbﬁehﬁy-cﬁﬂldheiaﬁl@nd’(66?@%0l(?D %' NMR q%zd:l;)hed
reaction i p e of _he - an
Foom t empdrigith 20 S8 AP 02E Bhe 0B ¢ IR A B S bl IR B grabint o
t he tr ansfld3®:00i (on 2HJ andiet 1ot BExIMS @lydrasgrale mld) 319 M-e1)Y,Whlcd for €48 ;0,,
controk;eglgeneration of the two new contiguous chiral centers present in
106." The feaction involves the stereoselective 1,4- conjugate addition

(M chael addition) of a methyl cuprate, 35 formed in situ from cuprous
brom de-di net hyl-sul fi de conpl ex and net hyl nagnesi um brom de,

Step 2:

Nop®
| r
: D

-['0 a solution of the 4-(4-ethoxyphenyl)-cyclohexanone (4.15 g, 19.01 mmol) in ethanol
20 (50ml) and water (15 mL) in a glass pressure bottle, were added ammonium carbonate (14.5 g,
151 mmol, 8 equiv.) and potassium cyanide (2.05 g, 31.42 mmol, 1.6 equiv.). The mixture was
heated at 80-90 °C for 19 hrs. The cooled reaction mixture was added to icy water (300 ml) and
stirred vigorously for 30 min. The resulting precipitate was suction filtered, washed thoroughly
with water and dried to yield the hydantoin D as a white solid (5.17 g, 94% yield). MS
25  (electrospray) m/e 287 (M-H), Calcd for C;6H0N;03, 288.



28 February 2005 WD 02/18437 PCT/ EPO1/ 09630 -60 to the M cheal acceptor,
the o, D-unsaturated carbonyl system present in 3.05. TH&E febgary gAe5
net al -chel ated enolate is then directly hal ogenated with a hal ogenati ng
agent, preferably N bronosucc-ininide, to give 106. Again, as in the case
of the M chagladdibtion, the incorporation of the brono, ,gpal'h, 630
stereosel ective, controlled by the bul ky phenyl group on the chiral
auxiliary 5 which effectively shiel dséghe si face of both the c
-unsat ur at ed acyl oxazol i di none system and the internediate netal -chel at ed
enol ate fr¥R3Attack fromincom ng reagents. To prepare the nethyl cuprate,
~a solution of nmethyl magnesium bromde in diethyl ether is added to a
solution of cuprous brom de-(ﬂ met hyl sul fide (1:1) conpl exgp® an inert

NS

sol vent, for exanpl g—gi metdayl ide or tetrah of ur,an, ‘,Er perably a
m xt ure ther eoEtded 3 £s Ir un—at—aplergg %\Neen -78 C
and room t enper at ure=/p = it -4 C. Instea [ nesi um

brom de, any | ower al kyl br ondfde can be added to form R 7 er®R17 is a

| oner al kyl group other gghan nethyl. To this forned l uton of methyl
cuprate, is added in situ a solution of the ec,D unsatunated
acyl oxazol i di nsf,ne 105 | n inert solvent, preferably tetrahydrofnran. The

met hyl cupr at e *AAHSPSIeY daryiein Dy{4129 satd-68 mraehp iy iy HHE (A0 mbiweesen - 30' C
and room Ladédatipet-biti dicarpsrfeqV 99k, 868 nmdol @ %q%ivy,hﬁ&h}m&bl(m\ﬁﬂ, f.alﬁs pr oceed

at roomt rat ur.e. \Wen I dge hat tthe regctigon i's_co et ed
(e.g. %aﬁ%?% 15 5g05 m@&%‘ﬁ’ (b Ak 8—%%1@19&)@11 SHfeEsHOY Ab@ﬁb%mg’?l?}f &¢
bet ween - tid@idifonsthe red@ioB, tupred irsto a bkt yatowsdohitibn anBw4s stisbb o @tghl adros@| Ut i on

of a halo &Hﬁeﬁ Rl ek succi il nm.de in_ an.iner 0| vent,
f or exarrp?e, ‘%tgltg'r aﬁygr o%ogr an |§9%§8¥§Bﬁa?‘ﬁe“r% éaraf:e? {IICC?% Plregsutr?l%ﬁleg%s &%ﬁ‘a{ 0
proceed atwagthen taben v indtO4L (308mvle ewnshedxgitt0 M HE! (2ol b spuratedagezoupr ef er abl y
at about NAOCDS CHIEHRY b bR @L08nBY 8RIA dvaUnBYd:OM NLRS, anflcOHeAiCstdifider NE
brom:dg IS h% di spl db lfé%degl ion with a concomtant_ inversion o?r

confi gttt afFoc et { BHEPYT it TdAviprodactomsprsidaddhroggh Hash ceromtographn e

br g_rri de 1QRexude/TRONEIIOA0-IR30) &rrgiwmf @ﬁﬁ:@&sdﬁlcih*}ﬂahﬂ%ﬁﬁm_t lfe%o?& (mfgﬁstsh
sodi um azi I [ solven X e_.acetonitri 0 gV e
ot de 107 e T CEi SR 2k G5 2 e & b Gt SrBatlauh 25
80 C and A38s, $iRds belactrospray) ad/e RV +a%a ) ‘abialud for CHLMNORABRE ur e.  Tr eat nent
of 107 and an alkali netal hydroxide, or exanple sodium potassium or

I ithj um hggpaxi de, preferably lithium

B‘oc ‘
NYO NHFmoc

15 E

The bis-Boc hydantoin E (6.58 g, 13.46 mmol) was dissolved in DME (200 mL) to give a
clear solution. To this solution was added 1N NaOH (121 mi, 121 mmol) and the reaction was
stirred overnight at room temperature, giving a slightly cloudy mixture. HPLC showed
completion of the reaction. The reaction mixture was concentrated under reduced pressure to

20 remove DME and extracted with Et,O. Without purification, the resulting aqueous layer
containing 1-amino-4-(4-ethoxyphenyl) cyclohexane carboxylic acid (4-EtOAPC) was treated
with 6N HCl to adjust the pH to 11-12.  To this solution (~130 mL) were added DME (100 mL)
and a solution of Fmoc-OSu (6.83 g, 20.24 mmol) in DME (30 mL) and the reaction was stirred
overnight at room temperature. The reaction mixture was concentrated under reduced pressure
25 toremove DME, acidified with 3N HCI, extracted with EtOAc. The combined organic extracts
 were washed with brine, dried over anhydrous Na;SO, and concentrated. The crude product wWas



- hydroxide in the presence of hydrogen peroxide resulted in the hydrolysis
~of the chiral auxilliary to give the azido acid 108. E&FeRuay2Hes s
reaction is run in an inert solvent, preferably water, at a tenperature of
between 0 C and room tenperature, preferably at about 0 C. Hydrogenation of
30 the a-aziydmashsd 108 gives the P-nethyl (N n-Mes)trypt gppapebizgh is
I mredi ately converted to the corresponding _
N(a) - Fnoc- p- et hyl (Ni n- Mes) t rypt ophan 7809. The hydrogenation of 108 is
carried out over a noble netal catalyst, preferably 10% Pd/C, in an inert
sol vent, frowifiedtmeigh flash dhowmatogrhpber{GH, ClghMe D8, 882 900 htaipive thd pdroprofieessur e(
< 2 at nos)p@hds LR t t g ai by
fil trationF theﬁ\% atiles ar%elﬁr(g'ﬁg%gg%ﬁ%d{Iﬁ%lﬂgeﬁ%gg‘{hﬁdgﬁ 8?’?9@%@ in an 35
i nert sol WORSO-fgy7.88¢anile 774 {d 3H:dr48 (i 200), 330 idt D), 7.9} &3, HMASA (& 26)xt ur e
thereof , &y (hIant.ad1.2M 1 NI | ' WEH %a%’gll kal i
nmet al bicar bo(tr%a?g, pre%%gﬁ?ymgg%ﬁ%@%ﬁ%ary %fgg%dV\D /3%]?%%@ 61
PCT/ EPO}/ 09630 bi carbonate, and a Fnoc N-protecting group form ng reagent,
for exanple 9-fluorenyl xnethyl chloroformate (Fnoc-C) .or
9-fl uor enyl met hﬁl -N-succi ni m dyl carbonate (Fnoc-0OSu), " preferably Fnoc-Gsu
to furnis e reaction is conveniently run at a tenperature of
between 0 C and roomtenperature, preferably at about roomtenperature. The
conmpound @regardtidhi e FRiod P Aniiso-2- (S REELEPLATyHRFASH A1 kaffoxphd id (#Bc-2- | N
React i on iﬁg&rre The present invention'refers also to a process for the
preparati <9 onpound of the formula: A MH2 I -'~ 19 4CH 2)P Y H
N

Step 1:

| H_o
om0 — OO,
. % ~NH
é}’
F

To a solution of 4-(4-hydroxyphenyl)cyclohexanone (2.00 g, 10.52 mmol) in ethanol (30
mL) and water {10 mL) in a glass pressure bottle, were added ammonium carbonate (6.17 g, 64.2

10

mmol, 6 equiv.) and potassium cyanide (1.07 g, 15.8 mmol, 1.5 equiv.}. The mixture was heated
at 80-90 °C overnight. The cooled reaction mixture was added to icy water (200 ml) and stirred
15  vigorously for 30 min. The resulting precipitate was suction filtered, washed thoroughly with
.. water and dried to yield the hydantoin F as a white solid (2.56 g, 94% yield). MS (electrospray)
m/fe 261 (M+H)", Calcd for CqH;eN,0s, 260.

'
4
i

Step 2:

H.
- ‘rNH ’(:OZH

o
.20 F

The hydantoin F (2.10 g, 8.06 mmol) was sus;;ended in aqueous NaOH (6N, 100 mL}
and heated at 130 °C for 2-3 days. Upon the completion of the hydrolysis, the reaction mixture
was neutralized with conc. HC] to slightly acidic (pH~6). The resulting slurry was filtered,

25 washed with water and dried to give 1-amino-4-(4-hydroxyphenyl)cyclohexane carboxylic acid



0 -1 KO NHI wherein RI to R2, m p, Q X Y and Z are as defined above
by formation of a |lactambond or a in disulfide bond a?tS'fEf'Pé“aZVB%%ﬁtlon of
t he precursor |inear peptides. Pharmaceutical Conpositions The present
i nvention also refers to pharmaceutical conpositions conprising conpounds
as defined @Rpapgsand a therapeutical inert carrier. 15 Thergpsthospds of
formulas | and Il as well as Penta-cycl o(Asp-Lys) - Asp- Apc- (D) Phe-

Al a-Trp-Lys-NH2; and Pent a-cycl o( Asp-4#s) - Asp--Apc- ( D) Phe- Arg- (2S, 3S) beta

~methyl -Trp- Lys-NHH prepared in accordance with this invention naybe
prepared i }HﬁﬂﬂﬁﬂéEﬁﬁﬁeﬁﬁdé@ﬁﬁdeﬂpﬁ@ﬁ@dsnnﬁmnmﬂﬁ&wwhmma¥mmsﬂ®ahﬁon or

i nhal atlOﬂdwﬁobpr?r)sﬁﬁeﬁ%jdmﬁg*bbl@dfﬁtnm@l £s5py 20 met hods known in the
art. -The conmpounds as described above can be used as medi canents, e.g. in

the form jaharnaceutlcal preparations, e.g. for parenteral

adni ni st r atron. They can be administered, for exanple, parenterally, e.g.
in the formof injection solutions or i nf usion solutions. The production of
t he pharmaceuti cal NHan be effect ' 2 NkFmoehi ch will 28
February 2005 WO &7 @ N % to any person
skilled in the art by'h gﬁé*conpounds b&®=Hbove,

optionally in conbination with ot her t herapeutically val uabl e substances,

|t Et 0 ans ?d i m The @ﬁdl@l?a.nsilr@%r(zi- lhed«g»l)éymoﬁ&ah@mrso xyliOfad @&E@Ay d)nﬁsﬁl
e N AP B et Gt o 3nd o B ar
not only istimedydgurcustycaveinight. Mibereidion miktite vk 8@1@:&1@&6&1@ rexaéxfelcﬁfxmli@t erials.
conai st enco AR BnaRie T KGRl 20 e B PR B ar i ng
t he OSHDtP&?EFé@yﬁﬁéwmﬁﬂﬂ$€¢ benemtbt¢doembhﬁKh4BsnswﬂcﬂMQmﬁmmmgwaﬂk
maski ngy agRAAE BrcAN& v s pURRE S0t AR chBitosARE) HREAIFRBARR CHLClL/MeOH)

to give pure Fmoc-4-HOAPC (2.76 g, 75% overall yield for two steps). "H NMR(CD,OD), 7.78

(d, 2H),7.72 (d, 2H), 7.38 (t, 2H), 7.30 (td, 2H), 7.04 (4, 2H), 6.72 (dt, 2H), 4.38 (d, 2H), 4.25

(t, 1H), 2.46 (m, 1H), 2.24-2.34 (m, 2H) and 1.81-1.92 (m, 6H); MS {(electrospray) m/e 456 (M-

H), Calcd for CogHyyNOs, 457.

15
- EXAMPLE 5
Preparation of Fmoc-1-amino-~4-(4-isopropoxyphenyl)cyclohexane-1-carboxylic acid (Fmoc-4-
iPrOApc-OH)

Step 1z

-~ 0 —= O

A solution of 4-(4-hydroxyphenyl)cyclohexanone (6.0 g, 31.6 mmol) in DMF (90 mL)
was treated with K,CO; (21 g, 158 mmol, 5 equiv) and 2-iodopropane (15 mL, 26.8 g, 158
mmol, 5 equiv.). The reaction was heated at 100 °C overnight. After the solvent was removed,
25 the residue was treated with H,O and extracted with BtOAc. The organic extracts were

20

combined and washed with brine, dried over Na,SO4 4nd concentrated in vacuum to give the
spectroscopically pure 4-(4-isopropoxyphenyl)cyclohexanone (7.02 g, 95 %). "H NMR
(CDCls): 7.14 (dt, 2H), 6.84 (dt, 2H), 4.3 (septet, 1H), 2.97 (tt, 1H), 2.46-2.52 (m, 4H), 2.16-
2.24 (m, 2H), 1.83-1.98 (m, 2H) and 1.33 (d, 6H).



10 pharnmaceuti cal adjuvants. The dosage of the conpounds as descri bed above
can vary within wide limts depending on the disease t& 'g@r%lﬁtzp%ﬁled, t he
age 'and the individual condition of the patient and the node of

adm nistration, and will, of course, be fitted to the individual

requi rement syg ¢3188¢h particular case. For adult patient$cggpfflbhsedosage of
about | ng to about 1000 ny, especially about 10 ng to 15 about 500 ng,
conmes into consideration. Depending oemthe dosage it is convenient to

adm nister the daily dosage in several dosage units. The pharnaceuti cal
preparations conveniently contain about 1-500 ng, preferably 5- 200 ng, of

~a conmpound as descri bed above. 20 Treating OGbeshy The conpounds prepared in
accordancestsp2 i this invention exhibited selective MC-4 receptor agoni st
activity invitro. It is known that agonists of MCA-R activity cause
reduction of food jntake in a nouse nodel of human obesity. Therefore

adm nistration o nds agoni zes -R_activity iLgh is

important in the regul# ‘ JAﬂl_?.ht. ae 3
conposi tions contai ni ng=the ds of this™iepliog H ornmul ated at
a strength effective for adm nistration by vari ous neans std a human or

ani mal patient experiencing undesirably elevated bodyg weight, either alone
or as part of an adverse nedical condition or disease, such as type II

di abetes nel litus. ,A.varj gt f adm nistrative technigue an e used.
Aver age quant i {r?%gd'g?mf ?féﬁea%{£\§@r85%ﬁﬂﬂm9he§aﬂ%eZ%gg’izi'ggEFP?I&E‘I ar shoul d
bﬁ base# I 3thappl ¢90 mhpandogaen(@hokh) incrphseprebsyre bstitle) yire adiled Ammogitat i:aﬁ:lb(ﬁﬂtel
sicia Lhard an. i . r i nt .o so.rel ates

P the usdTa bIFELIAG Ay 458 SR danthd G R EPRR el DY SHA ), TSk
nmedi canent@s hquedgg@-gq &afordhbrsaHapy elep reapiop mixiuse wis adiisldiadaywvandri(49 rad e 28
February 200&ind@vi¥dtck843dr 30GTih ERQRILDNES Preci ] i
mel anocortj n-4- ggﬂ tor ar((‘iti,v' Fj%}} rt g}eégﬁﬁg%ﬁﬁﬁgﬁaf%ﬁ% g%th_g% to a
ot hod f orbetprebFaEy e dred i viekt BRI RG 8 ArbifAccubied i Heh-c T
335.00! at: edﬂ_mmmek&maogoré, mnfsrse«éﬁ PHYY.18 ec%;tzH\yJ .80 (YdH)CA5TRERed I IR IABI S?ﬁ
adm ni sterjn n [ oV ein r : e
conpounds & SELEEINS AR BErr' BT, Sntant 108 T bV B it hra /P Bt

t

O

obesi ty. H),Caled for Ci7H2,N,03, 302.

Step 3:

Boc
H o g
OOl — SO-OL

g]’ gf Boc
15 G H

To a suspension of the hydantoin G (5.8 g, 19.20 mmol) in dry THE (180 mL) were
added di-tert-butyl dicarbonate (10.46 g, 48.0 mmol, 2.5 equiv), triethylamine (2.9 mL, 2.13 g,
21.12 mmz)l, 1.1 equiv) and DMAP (140 mg, 1.15 mmol) in succession. About 15 minutes after
the addition, the reaction turned into a clear yellow solution and was stirred overnight at room
20 temperature. The reaction mixture was concentrated under reduced pressure to yield a solid that
was then taken up in EtOAc (600 mL), washed with 1N HCl (3x40 mL), saturated aqueous
Na,COj3 (2x40 mL) and brine (2x40 mL), dried over aﬁhydmus Na;504and concentirated under
‘reduced pressure. The crude light yellow product was purified through flash chromatography
(hexane/EtOAc, 90/10->80/20) to give the pure bis-Boc hydantoin H as a white solid (9.4 g,
25 98%). 'H NMR (CDCl): 7.27 (dt, 2H), 6.87 (dt, 2F), 4.02 (q, 2H), 2.98 (t, 1H), 2.26-2.56 (m,



5 The invention also refers to a conmpound as defined a when

manuf actured by a process as descrrEed above. In admtéaﬁ$WW%W?Hq%ntlon
refers to conpounds as defined above for use-as therapeutic active
substances, particularly as therapeutic active substances fO'the treatnent
and/ or propkyd @xkarof di seases which are associ ated W t hper/epor/09sso
nmel anocortin-4-receptor, e.g. obesity. 10 This invention wll be better
understood by reference to the foll owrhg exanples, which illustrate but do
not limt the invention described herein. In the structures of specific

conmpounds “8pgedr-Hd ﬁ@ﬁ&@%ﬁﬁm 85D SeBt(5, G, k43t PfDnnd 838 (3 Mener al | y

been om t yaeubspray) 0Py 2 * &AcdBr LY, 44905 WO 02/18437
PCT/EP01/09630 4 EXAMP EXAVPLES eparatlon of Froc-1-am no-4-hen 1
cl ohexane-1l-carbo lic aC|d anc A c Step 1: KCN, (NH4)2CO3 Nd NH To a

sol ution of 4- phenyl cydohexanone (10.0 g, 57.5 mol) in ethanol (100 nilL)
and water (33 n2L) in a glass pressure bottle, were added ammoni um
carbonat e StB% g, 344 nmol, 6 equiv.) and potassium cyanide (5.6 g, 86.2
mml, 1.5 equiv.). The m xture was heated at 80-90 10 C for 24 hrs. The

cooled reaction, mxture was ggged to icy water (400 m) and stirred
vi gorously fo-héo . Th ﬁul O ng precipi ONNHFhid ed,
washed t hor oughlg affid doied g yi €0

solid (14.0 g, 100% @»‘

; DVSO- d6 \. 3-7.36 (m
4), 7.15 (m 1), 2.50 (m lkua hné;é(rn 1H), )1 85 (d, 1H anéifi 55- 1. 88
(n, 6H). 15 Step .2: H
5

/in A as a white

The bis-Boc hydantoin H (4.34 g, 8.64 mmol) was dissolved in DME (100 mL) to give a
clear solution. To this solution was added 1N NaOH (78 ml, 78-mm01) and the reaction was
stirred overnight at room temperature, giving a fairly clear mixture. HPLC showed completion
of the reaction. The reaction mixture was concentrated under reduced pressure to remove DME

10 and extracted with Et;0. Without purification, the resulting aqueous layer containing 1-amino-
4-(4-isopropoxyphenyl)cyclobexane carboxylic acid (4-iPrOAPC) was treated with 6N HCl to
adjust the pH to 11-12. To this solution (~90 mL) were added DME (120 mL) and a solution of
Fmoc-O8u (3,49 g, 10.34 mmol, 1.2 equiv) in DME (20 mL) and the reaction was stirred
overnight at room temperature. The reaction mixture was concentrated under reduced pressure

15 to remove DME, acidified with 3N HC], extracted with EtOAc. The combined organic extracts

- were washed with brine, dried over anhydrous N2,SQ; and concentrated. The crude product was
purified through flash chromatography (hexane/EtOAc>CH,ClL/MeOH) to give the pure
product Fmoc-4-iPrOAPC as a white solid (3.23, 75 % yield from bis-Boc hydantoin H). 'H
NMR(DMSO-dg), 7.76 (d, 2H), 7.60 (d, 2H), 7.39 (t, 2H), 7.31 (t, 2H), 7.08 (d, 2H), 6.84 (d,

20 2H), 4.24 (m, 1H) and 1.34 (d, 6H); MS (electrospray) m/e 498 (M-H), Calcd for Cs;HssNOs,
499,



NaOH, The hydantoin A (10.0 g) was suspended in aqueous NaOH (6N, 350 niL)
and heated at 20 130 C for 2-3 days. Upon the conpl et i&hFefruang0s

hydrol ysis, the reaction m xture was neutralized with conc. HC to slightly
acidic (pH-6). The resulting slurry was filtered, washed wth water and
dried to gi V@ dhygl NO-4 -henyl cydohexane carboxylic aci gcfrﬁﬁ)&)o %5 a white
28 February 2005 WD 02/ 18437 -65 PCT/ EP01/ 09630 solid (25 g, >18 % yield.
contam nated with inorganic salt) whi.gh-was used directly for next step.
Smal | portion of the crude product was purified on HPLC.' H NVR ( DVBO- d6) :
7.23-7.7. BEAMYIBG 7.10-7.19 (m 3H), 2.45 (m1H),1.92-2.18 (na, 3H),
01.56-1.78 (m 4H) and 1.20 (xn,1H); LRMS (el ectrospray) W 220 (Mtl) +,

Cal cd for Frdpatdh . | [ ; r

1- ani no- 4-phen;%lzglg%IFgﬁ%gaaﬁnf%?ﬁg%ylpg%%@o?ﬁglfclrago% gaml% S gg't4 ep (25 Q)
was susperM%P‘i‘ﬂ i oxane (300 nmL) and aqueous 10 % Na2CO3 (150 m) and
stirred v@@,rpusl y 10 overnight. The reaction m xture was concentrated to
renove di oxane, neutralized with 6N HCl to slightly acidic (pH 5-6) and
extracted with Et OAc. The conbi ned organic extracts were wasWed with brine
and dried over Na2SO4. Renoval of the solvent gave the ctr product which

Qs
was then purified o agh chromat ography (hexane/ Et CAc t g\r Cl21MeCH) to
gi ve pure Fm)c-qj (13. 2 gqueZlo Byejjall yhpel @ \W 35t eps) and
Froa-trans- APC (2. 1%~80% . Pnoc 1Ne=ri s-APC,'H N QD3QD .
7.72 (d, 2H), 7.37 (t, 2), 7.24-7.32 (m 4), 7.14-772 (rqHB), 4.37 (d,
2H), 4.24 (t, 1H), 2.55 (m 1H, 2.28 (m 2H),1.84.1.9g (m 2H) and
1.64-1.73 (m..4H) .EXAMPLE Pr ration . 0
Frmoc- | - ani no- 4° f‘ﬁglgré(‘ﬁ%%lﬁﬁ‘étﬂ f eé;@?%%é?é?f@&s iy TERAGmIat o7 & B c- 4-
M OApc - OHpdded a solution of n-Buli (1.6 M, 31.0 mL, 50 mmol) in hexane over 20 min, The reaction was
stirred for another 20 min before a solution of 1,4-cyclohexanedione mono-ethylene ketal (6.0 g,
38.46 mmol) in dry THF (100 mL) was added dropwise. After stirred for 2 h at-78 °C, the
10  reaction was quenched with aqueous NH,Cl and extracted with EtOAc. The combined organic
extracts were washed with brine, dried over Na;SO4, concentrated in vacuo to give the
spectroscopically pure product I as a white solid (9.34 g, 98% yield). "H NMR (CDCLs): 7.41 (m,
2H), 7.16 (d, 2H), 3.98 (m, 4H), 2.34 (s, 3H); MS (EI) m/e 248 (M), Calcd for Cy5H;003, 248.

15 Step 2:

EEOQ — O~

'?‘oa solution of the alcohol I (9.10g, 36.65 mmol) in dry benzene (200 mL) in a flask
equipped with 2 Dean-Stark trap, was added p-toluenesulfonic acid monohydrate (650 mg) and
the reaction was heated at 100°C for 3 hrs, The reaction was cooled to tt, diluted with EtOAc

20 (500 mL) and washed with aqueous NaZCO;.; {50 mL), brine (3x50 mL), dried over Na;SO, and
concentrated under reduced pressure to give the specttoscopically pure product J (8.36 g, 100
yield), which was used for next step without purification. MS (EI) m/e 230 (M), 190 (M-
OCH,CH;0), Calcd for C;sH;30,, 230. '



Step 1: Mel, Na2C0B 25 acetone, reflux’ M 28 February 2005 WO 02/ 18437

PCT/ EPO1/ 09630 -66 A sol ution of 4- (4- hydr oxyphenyl ) cy A8dRbx4ainsa
26.3 nmmol) in acetone (100 nlL) was treated with K2CO3 (14.5 g, 105 mmol,
equiv) and iodonethane (4.9 nm., 11.2 g, 78.6 mmol, 3 equiv.). The reaction
After the solvent was renoyegrpetiobdor €si due

The organic extracts were 5

was heated atoé&ns{37overni ght.
was treated with H70 and extracted with Et QAc.

conbi ned and washed with brine, dried7Bver Na2SO4 and concentrated in

vacuumto give the

(5.34 g,

311), 2.9%uddd: iL), 2.47-2.53 (m 4IT), 2.20 (m 2H and 1.83-1.98 (m
KCN, (NH4)2CCB MeO

100 % . 1H NMR(CDC13) 7.16 (dt, 2H), 6.87 (dt, 2H), 3.78 (s,

2H); M5 (el ectrospr% me, 205 (Mtl)}, Calcd for Cl3H1s02, 204. 10 Step 2:
(H W20 i ¢ e

4- (4- met hoxyphenyl)
and wat er

" (14.5 g,
equiv.).

reacti on m xtuge S ad‘%ed to i c
for 30 min. Theopaeution

t hor oughl yarbm,tsbon@afdta@fadfdnaﬂsﬁﬁmﬂdeﬂ hﬁh@&%&ﬁ 3‘h§a’§“§.\0§1 white solid
(4.75 g,

Cl151118N2

v 10

15

(15 n) ina g ‘
151 mmol, 8 equivy) and potassium cyanl de 2.0 g, 30.7 nmol,
The m xture was 15 heated at 80- 90 C for 24 hrs. The cool ed

wat
i i REACIH KR it BHC Gt e
! (yﬁe\éjﬁef!_éq gp%%@:ys( x:?rl 3 ng aX %he a%s? v%as concenﬁ'atgﬁll:ocgclive the

spectroscopically pure product K as a colorless oil (7.40 g, 100% yield). MS (EI)} m/e 232 (M),
188 (M—OCH2CH2), Calcd fOI' C; 5H2002, 232.

Step 4:
0
OO -

A solution of the ketal K (6.90 g) in acetone (140 mL) was treated with 4N HCI (60 mL)
and heated at 65 °C for 4 hrs. Solvent was removed and the residue was diluted with FtOAc and
neutralized with 4N HCl. The aqueous was extracted with EtOAc. The combined organic
extracts were washed with brine, dried and concentrated. The resulting crude 4-(4-
methylphenyl)cyclohexanone was used for next step without purification (5.57 g, quantitative
yield). MS (EI) m/e 188 (M), Caled for C;5H;40, 188.

0%5.0 g,

spectroscopi cal ly pure 4(4-nethoxyphenyl)-cycl ohexanone

ganol (30 ni)
d ammoni um car bonat e

and _stivrved vigorously



 MeO C To a suspension of the hydant oin B (18.7 g, 68.25 mml) in dry THE

(450 mL) were added di-tert-butyl dicarbonate (37.2 g,281FabreangBP5 2.5
equiv), triethylamne (10.5 m., 7.59'g, 75.0 mvl, 1.1 equiv) and DVAP
(460 ny, 3.65 mmol) in succession. About 15 mnutes after the addition,
the reacti owdoriegd i nto a dear yellow solution and was $biggp@degyer ni ght
at room 25 tenperature. The reaction m xture was concentrated under reduced
pressure to yield a solid that 28 FebrZ@ary 2005 WO 02/ 18437 -67

PCT/ EPO1/ %??g was then taken up in Et OAc (800 nL), washed with I N HC

(3x50 m) urated aqueous Na2CO3 (2x50 nL) and brine (2x50 niL), dried
over anhydrous Na2SO4 and concentrated under reduced pressure. The crude
l'ight yellow product was purified through flash chromato

Yy
- (hexane/ Et OAc, 901 4 X | ve the_pure b F otfn C as a white

solid (27.6 g, \ ey Mear
(s, 3H), 214224(m O (s, 9H) and 1739 (s, @’

(el ectrospray) me 538 (I\/H\/ECN+Na) "', Calcd for C25H34M207, 474. Step 4.
MeO C.---0O MeO The bis-Boc hydantoin ¢ (15.08 g, 31L78 mml) was di ssol ved
in DME (500 nL) to give a io clear solution. To this solhution was added I N

NaOH (290 ni, 28Q salBén ofdd Jh&ﬁl E&?ﬁbﬂﬁh&ﬁ@ﬁonqu?%ég 3%51?%&11 L(gg OOM

showed conp etlon of

t t d t

R AT ARG TR A e ) pr essur ¢
to r en:o;/éﬁmﬁmoids almvr)amﬂ@dmmddnqaha@(s W%b@mnhﬂwrz thﬁ'ﬁ)lt q’ﬁ@mh 1xft1ti€w5§5U| t: ng
aqueous ni n oxyphen ohex oxylic
2ot (a- nERty 0L Pulhalt T SR G PR ey et ey s GO0z 20 1

t hi s sol ustied (ig@o®shnfor 30 mér. é‘hmdénhmm&wﬂchuoaﬁﬁemd,mmmMO@hly

Pi noc- Csu w(ltiiﬁvaZergnd éﬁed{ll% ﬁc{\ggh daBrolMEad te @%%hé@/g g&fl\%gg was

stirred %ermgt at rrgerature
concent r al SeFEQFRTAY "F/ééyc@M“’ﬂ‘pe dedfor ClsHlsCINzOz, 258

59 2H), 3.79

10

Step 6:
H o Bhtl)c
OO
q ff “Boc
_ O
L . : M

To a suspension of the hydantoin L (5.82 g, 22.55 mmol) in dry THF (250 mL) were

added di-tert-butyl dicarbonate (12.3 g, 56.4 mmol, 2.5 equiv), triethylamine (3.5 mL, 2.5 g, 24.7

15 mmol, 1.1 equiv) and DMAP (275 mg, 2.25 mmol) in succession. The reaction turned into a
clear yellow solution and was stirred overnight at room temperature. The reaction mixture was
concentrated under reduced pressure to yield a solid that was then taken up in EtOAc (500 mL),
washed with 1N HCI (3x50 mL), saturated aqueous Na,CO3 (2x50 mL) and brine (2x50 mL),
dried over anhydrous Na;SOy and concentrated under reduced pressure. The crude light yellow

20 product was purified through flash chromatography (hexane/EtOAc, 90/10->70/30) to give the
pure bis-Boc hydantoin M as a white solid (10.03 g, 100% yield). "H NMR (CDCls): 7.26 (d, 25,
6.87 (d, 2H), 3.00 (m, 1H), 2.32 (s, 3H), 1.59 (s, 9H) and 1.37 (s, 9H).



to renove DVE, acidified with 3N HO, extracted with Et QAc. The conbi ned
organic extracts were washed with brine, dried over ard$fthboeaty REOSO4 and
concentrated. The crude product was 20 purified through flash

chromat ography (CH2C12/ MeOH, 9812490110) to give the pure product

Frnoc- 4- MeOARG @asgasWhite solid (12.4 g, 83 %yield from tP@?fE?bﬁo'B?C
hydantoin Q 1H NVR (DVMSO-d6), 7.88 (d, 2H), 7.76 (d, 2H) 48 t, 2H),

7.30 (t, 2H), 7.11 (d, 2H), 6.85 (d, -2#), 3.71 (s, 3H); M (el ectrospray)
me 470 (MH), Calcd for 029H29Nm 471. 28 February 2005 WD 02/18437 - 68
EXANPLE 3 SR@Ft EPOL/ 09630 Preparati on of

Froc- | - am no- 4- (4- et hoxyphenyl ) cydohexane-| - carboxylic acid (Fnoc-4-

Et OApc-OH) Step 1: 5 HO . - Etgoe sol ution of

4- (4- hydr oxyphenyl ) c) X3 ®.0 g, 26 3 Fﬁ" 100 nl)
goet hane (10.5 ni,

@Hover ni ght .

was treated wt <
20.5 g, 131 nmmol, - 'ﬁ}& .

After the solvent was removedgio cﬁ’e resi due was treatedivi th H20 and
extracted with Et OAc. Th orgam c extracts were conbi ned and washed with
brine, dried over Na2SO4™and concentrated in vacuumto give the
spectroscopically pure 4-(4-ethoxyphenyl)-cycl ohexanone (5.74 g, 100 % . 1H
NVR (CDC13)  7Thebig-Bec hyzlantpin M (@40 ¢ A8.97 Diol) wasGidss¢lyed i BME 200 al() tré gidelal ) |

it e o ety o ) B b L0
0 --- g overmght at room temperature, giving a shghﬂy cloudy mixture. HPLC showed
complehon of the reaction. The reaction mixture was concentrated under reduced pressure to
remove DME and extracted with Et;0. Without purification, the resulting aqueous layer
containing 1-amino-4-(4-methylphenyl)cyclohexane carboxylic acid (4-MeAPC) was treated
with 6N HCl to adjust the pH to 11-12, To this solution (~140 mI.) were added DME (240 m1.)
10 and a solution of Fmoc-OSu (5.10 g, 15.13 mmol, 1.1 equiv) in DME (40 mL) and the reaction
was stirred overnight at room temperature. The reaction mixture was concentrated under
reduced pressure to remove DME, acidified with 3N HCl, extracted with EtOAc. The combined
organic extracts were washed with brine, dried over anhydrous Na,SO; and concentrated. The
crude product was purified through flash chromatography (CH,Cl,/MeOH, 98/2->90/10) to give
15 the pure product Fmoc-4-MeAPC as a white solid (4.35 g, 69 % yield from bis-Boc hydantoin
M). 'H NMR (DMSO-de): 7.88 (d, 2H), 7.75 (d, 2H), 7.24-7.43 (m, 4H), 7.02-7.14 (m, 4H), 4.25
(m, 3H), 2.24 (s, 3H).

EXAMPLE 7 .
20 Preparation of Fmoc-1-amino-4~(4-chlorophenyl)cyclohexane-1-carboxylic acid (Fmoc-4-
ClApc-OH)

' | ci
+ Br ———3
0 : I:0 OH

| Step 1: _
A solution of 4-chlorophenylbromide (7.5 g, 39.2 mmol) in dry THF (180 mL) was
cooled to -78 °C and treated dropwise with a solution of n-BulLi (1.6 M, 25 mL, 40 mmol) in
25 hexane over 20 min. The reaction was stirred for a further 30 min before a solution of 1,4-



To a solution of the 4-(4-ethoxyphenyl)-cycl ohexanone (4.15 g, 19.01 nmol)
in ethanol 20 (50 mL) and water (15 nl) in a glass preSfaBEUHYLPR were
added ammoni um carbonate (14.5 g, 151 nmol, 8 equiv.) and potassi um cyani de
(2.05 g, 31.42 Mol ,1.6 equiv.). The m xture was heated at 80-90 C for 19
hrs. The cogl®g/gLaction m xture was added to icy water Ea@Rpsloodzoand
stirred vigorously for 30 min. The resulting precipitate was suction
filtered, washed thoroughly wth waterg-and dried to yield the hydantoin D
as a white solid (5.17 g, 94%yield). M5 25 (electrospray) W 287 (MH,
Cal cd for wilehzsgegBine pa@o-cthglendiotal 4.4 £,38@6 M@ Dia B HEY (108 ;lgwepadted D

PCT/ EPOL/ Q63 Hse Afler Mtirled 8r PMSPERICOMe AactidhGval YA WAt ghéord R zi]né' 65
mrol ) in de% T%E_ 18 m_%qlwer ) gdded, di -tent-butx di ca[qbonate ‘(‘;17. 8 g,
36. 60 mp|SEHFE f%“,‘- ‘?‘é’ff&iyﬁe RF§RRIS eppacts were washedywith bipeggied pvepnp) | [ 1
eﬂui védanmwﬁ(xﬁaﬂat@u vecud 3o givihk spaatrosdeysiCHs balre.prd&aeufr adbwiltatulie®.Mf t er
the additi Ofy,, t 51 . | ear...y W [ n s

st 11 ed overt M MRTCTc P D, P3F bt e e el
concent r atlg@-L#2den 2Hoduée tl7hna 28y 654 (5, W)eMS (Bl) sot 268 (MIBR51 (MOHH230 t aken

up in Et OAgy fs 8@4}3,{ S % i I N HC1(3x20 nL), saturated aqueous
Na2CO3 (?@20 % anél 8¥\|élhé*h% g(%%d%M), dried over anhydrous Na2SO4 and

concentrat ed-under 10 reduced pressure. The crude light yell ow product was
purified through flash chromatography (hexane/ Et QAc, 90/10370/30) to give
t he pure bis-Boc hydantoin E as a white solid (7.01 g, 98%. iH NWR
(CDC13): Bt2:(dt, 2H), 6.87 (dt, 2H), 4.02 (g, 2H), 1.59 (s, 9H),1.43 (t,
3H) and 1.38 (s, 9H); Ms (electrospray) me 999 (2M+Na)+, Calcd for
C26H36N207, 488. Step 4: EtO 15 EnyThe bis-Boc hydantoin E (6.58 g, 13.46
xnmol ) was di ssolved in DMVE ( m) to give a

K — O

To a solution of the alcohol N (6.78 g, 25.30 mmol) in dry benzene (120 mL) in a flask
equipped with a Dean-Stark trap, was added p-toluenesulfonic acid monohydrate (960 mg) and
the reaction was heated at reflux for 3 hrs. The reaction was cooled to 1t, dﬂuted with EtQAc
(500 mL} and washed with aqueous Na,COs (50 mL), brine (3x50 mL), dried over Na,SO, and

15 concentrated under reduced pressure to give the spectroscopically pure product O (6.30 g, 100
yield), which was used for next step without purification. MS (EI) m/e 250 (M), 150 (M-
OCH,CH,0), Calcd for Ci4HsCIO;, 250.

10

Step 3:
20

O-COre — OO

To a solution of the olefin O (6.11 g) in EtOAcE {120 mL) was added Pd/C (5 wt % on
carbon, 600 mg) and the reaction was run under 5 psi of hydrogen for 3 hrs at room
temperature, The catalyst was filtered off and the filtrate was concentrated to give the

25  spectroscopically pure product P as a colorless oil (6.10 g, 100% yield). MS (EI) m/e 252(M"), .
Caled for Cy H,,ClO,, 252.



“clear solution. To this solution was added | N NaCH (121 ni, 121 mmol) and
the reaction was stirred overnight at room tenperat ur &8 by 280%) i ght 1 y
cl oudy m xture. HPLC showed conpl etion of the reaction. The reaction
m xture was concentrated under reduced pressure to 20 renove DME and

extract ed Wyigugsd®. Wthout purification, the resultingpagipfAissshayer
cont ai ni ng 1-am no-4- (4-et hoxyphenyl )%glcl ohexane carboxylic acid (4-EtOQAPC)

was treated with 6N HO to adjust th&pH to 11-12. To this solution (-130
m.) were added DME (100 nL) and a solution of Fnobc-OSu (6.83 g, 20.24
mmol) in DME (30 niL) and the reaction was stirred overnight at room
tenperature. The reaction m xture was concentrated under reduced pressure
25 to remdtep4bDVE, acidified with 3N HCl, extracted with Et OAc. The conbi ned
organi c extracts were washed with brine, dried over anhydrous Na2SO4 and
concentrated. The crude product was 28 February 2005 WO 02/ 18437

PCT/ EP01/ 09630 70 purified through flash chronmat ography (CH2C12/ MeCH,

98/ 2-90/10) to give t e pur e product Froc- 4- Et OAPC as a white solid
(5.56g, 85 %yield f v .- hydagé 0i 1H é O d6), 7.88
(d, 2H), 7.74 (d, 2 é] ENB 6.84 (d,

2H), 3.97 (g, 2H) an9 1. 29 (t 3H) MS (el ectrospray) n1e 484 (MH), Cal cd
for C30H31NO5, 485. 5 EXAMPIE 4 Preparation of Fnoc
1- am no- 4- (4- hydr oxyphenyl ) cycl ohexane- | - carboxylic acid (Fnoc-4- HOA\pc-O—I)

St 1:_10 T L ut 10.5

o) 3 n et hangnotd AT LSOOI e S PITER Bet et o

wer e adde thleamwifonineddmivookydemty 674 Aghandiwkatad arfi0fGloyerbighy Golvent wasampetdssi um
d o Ghsiihe Badtalml £ 90 C

SXZP In| gh§ Jttll'&ritgﬂ geolcl;i?eﬁ r eactu %ﬁ%ﬁ%’%@%@ﬂ%ﬁhﬁ MZEP\(,:\%%\A%? 2@5%2%!8#%&? and

stirred 15°RFRERtEshigiye rcr‘Bi?PFﬁdHCtafHé'eﬂO@s%]l(ﬁﬁﬁ@ PPe%ivid)aPerifi@bos uct i on

filtered, M&%h@sﬂél%zﬁ% LR At O, ey@@()cyggﬁﬂ) ﬁlq,ﬁﬂle@l;_q;ﬂ he hydant oin F

aC; 2dm$10|0£ g@m{l@é%ﬂg@%eone a(; a éhet lyd ow oil (4(52 g,e 9%%}2?18{ EM\% (EI) m/e 208 (l&f IR A
Calcd for C12H13C102, 208.

Step 5z

H o
— N~
3,7’
Q

15 To a solution of 4-(4-chlorophenyl)cyclohexanone (4.26 g, 20.48 mmol) in ethanol (90
mL) and water (30 mL) in a glass pressure bottle, were added ammonium carbonate (13.8 g, 144
mmol, 7 equiv) and potassium cyanide (3.56 g, 54.77 mmol, 2.5 equiv). The mixture was heated
at 80-90.C overnight. The cooled reaction mixture was added to icy water (400 ml) and stirred
vigorouslyhfor 30 min. The resulting precipitate was suction filtered, washed thoroughly with

.20 water and dried to yield the hydantoin Q as a white solid (5.58 g, 98% yield). MS (electrospray)
mie 277 (M-H), Caled for Cy4H15CIN; Oy, 278



St ep 2. HO 20 HO The hydant0| n F(2.10 g, 8.06 mvl) was suspended in
aqueous NaOH (6N, 100 mi) and heated at 130 C for 2-3 28dybruanghos he
conpl etion of the hydrolysis, the reaction mxture vvas neutralized with
conc. HC to slightly acidic (pH6). The resulting slurry was filtered, 25
washed wi t hwa nd dried to give 1-am no-4-(4-hydroxy | ohexane
carboxylic aci d"%%?E}Febr uary 2005 WD 02/ 18437 PCT/ EPO1/ 092@%“7@9%6& HOAPC)
as a white solid (3.1 g, >100 % yield8eontam-nated with inorganic salt).
M5 (el ectro%pray) We 236 (MrH)t, Calcd for C13HL7NG3i 235. Step 3: H 5 The
“crude 1-anf 4- (4- hydr oxyphenyl ) cycl ohexane carboxylic acid (4-HOAPC) from
- the last step (3.1 g) was suspended in dioxane (100 niL) and aqueous 10 %
Na2CO3 (50 ml) and stirred vi g“)rously overnight. The regs&i on m xture was
. concentrated to rermdl 0 e,N raI i zed wi t-h6N t,@ i ghtly acidic

(pH 5-6) and ext C§ | sexfracts were
washed with brine ang=dri : I‘ﬂthSOﬁl Renov g nt gave the
1o crude product which was pur@fled on flash chromat ogr y Exane/ Et OAc
- to CH2C121MeOH) to give pure Frnoc- 4- HOAPC (2.76 g, 75%overall yield for
two steps). 1H NVR(CD3OD)@7.78 (d, 2H), 7.72 (d, BH,» .38 (t, 2H), 7.30
(td, 2H), 7.04 (d, 2H), 6.72 (dt, 2H), 4.38 (d, 2H), 4.25 (t, IH, 2.46
(m 1H, 2.24- 203ézs§mszoﬁldftlﬁrh§*da}ai<ﬂﬂ.QT{SQBg,(m5:ﬁidbl)MyC[HF(QSUﬂBN&H) Ve 456

I(:’?YA-DCH? - a%ﬂlr‘{fgé(ji ?eﬂt %&ﬁpﬁc& 6’)’5‘?‘18@%%’%?\; &%‘H@%ﬁ@ thig %%%Q%’gﬁg‘l’ # &noc- 4-
i Pr OApcs Of.45 mmol, 1.1 equiv) and DMAP (226 mg, 1.85 mmol) in succession. The reaction turned into
a clear yellow solution and was stirred overnight at room temperature. The reaction mixture was
concentrated under reduced pressure to yield a solid that was then taken up in EtOAc (500 mL),
washed with 1IN HCI (3x50 mL), saturated aqueous Na,CO; (2x50 mL) and brine (2x50 mL),
dried over anhydrous Na;SO4and concentrated under reduced pressure. The crude light yellow
10 product was purified through flash chromatography (hexane/EtOAc, 90/10->70/30) to give the
pure bis-Boc hydaﬁtoin R as a white solid (8.05 g, 91% yield). MS (electrospray) m/e 542
(M+Ma+MeCN), Calcd for CyyHa CIN,O;, 478

Step 7:
Boc
N NHFmoc
A=K, — -
ff *Boc _ fi’
(0]
15 R

The bis-Boc hydantoin R (6.41 g, 13.97 mmol) was dissolved in DME (200 mL) to givea
clear solution. To this solution was added 1N NaOH (120 ml., 120 mmol) and the reaction was
stirred overnight at room temperature, giving a slightly cloudy mixture. HPLC showed

| completion of the reaction. The reaction mixture was concentrated under reduced pressure to

20 remove DME and extracted with Et;0. Without purification, the resulting aqueous layer
containing 1-amino-4-(4-chlorophenyl)cyclohexane carboxylic acid (4-CIAPC) was treated with
6N HCl to adjust the pH to 11-12. To this solution (~180 mL) were added DME (240 mL) and
a solution of Fmoc-OSu (5.31 g, 15.74 mmol, 1.1 equiv) in DME (30 mL) and the reaction was
stirred overnight at room temperature. The reaction mixture was concentrated under reduced

25 pressure to remove DME, acidified with 3N HC, extracted with EtOAc. The combined organic



Step 1: 20 A solution of 4-(4-hydroxyphenyl)cycl ohexanone (6.0 g, 31.6

mmol) in DMF (90 nal) was treated with K2CO8 (21 g, 198 ary BO@qui v) and

2-i odopropane (15 nL, 26.8 g, 158 mmol, 5 equiv.). The reaction was heated

at 100 C overnight. After the solvent was renoved, 25 the residue was

treated wit %} Aanhd extracted with EtOAc. The organic eigéf/ﬁt% \%ere

conmbi ned and washed with brine, dried over Na2SO4 and concen i

vacuumto give the spectroscopicallyspure

4- (4-1 sopropoxyphenyl )cyccl ohexanone (7.02 g, 95 % . xH NWR (CDC13): 7.14

(dt, 2H), &8 V(fmwaSDﬁL\)u @rsfél;weltanhmus ¥0,8(% apd concepirated Tigcds2 (m

4H), 2. 164 ruary
Er&iugf]wz(s i ohgﬁﬁasil cﬁi%n(aqgrso iyl 'aﬁ'z(rﬁeéﬁ ds2->86M16) 16 BivE AR

2005 WD 02/ 1843 G To a
4- (4- i sopPEARPIERDPY sSaissolid 504 g, 762@)&@@3&%%@1513@9?@@@&130‘&1 (90
) bandt \Amm@monaf) 7188 (@ 201) B34 @rmﬁwuwa@mﬂtm,m@3@@916%1)@1(%25022 um 5 o
car pon e assi um cyanl de

mrnol | 2 5 (@ °®Pr5‘ P 1 SRR ool 35550 ' For 24 e o The.

cool ed reactlon m xture was added to icy water (400 m) and stirred
vigorously for 30 mn. The resulting precipitate was suction filtered,
washed thoroughly with water and dried to yield hydantoin G as a white
solid (6. @m&&%yl eld). "H 1o NWR (DI\/BOdG) 10 60 (s, 1H), 8.65 (s,
1H), 7.18 2H), 6.80 (d, 2H), 4.52 (septet, 2.43 (m1H),1.85-2.15

o o céPr eemeyaaé%%m‘&%%@g ézzm%xwr@%mﬁsﬁa&' SEneR el

hydant oi nMaQApc8HK) 19.20 nmol ) in dry THE (180 nL) were added di-tent
butyl dicarbonate (10.46 g, 48.0 mmol, 2.5 equiv), triethylam ne (2.9 rnL,

2.13 9y step1:

OH

O=C>(§j+ @-—I ——»-Eg

To a solution of 3-iodoanisole (11.7, 50.0 mmol, 1.3 equiv) in dry THF (180 mL) at -78

OC was added a solution of n-Buli (1.6 M, 31.0 mL, 50 mmol, 1.3 equiv) in hexane over 25 min, .
15  The reaction was stirred for another 30 min before a solution of 1,4-cyclohexanedione moro-

ethylene ketal (6.0 g, 38.46 mmol) in dry THF (100 mL) was added dropwise. After stirred for 2

h at -78 °C, the reaction was quenched with aqueous NH;Cl and extracted with BtOAc. The

combined organic extracts were washed with brine, dried over Na,5SO;, concentrated in vacuo to

give the spectroscopically pure product S as a white solid (9.34 g, 98% yield). "H NMR (CDCL):
20 7.26 (dd, 1H), 7.06-7.11 (m, 2H), 6.79 {dd, 1H), 3.98 (m, 4FL), 3.81 (s, 3H).

o OI{IIe OMe
SO0 O
(8} OH : : .

Step 2:



21.12 mmol 11 equiv) and DVAP (140 mg, 1.15 mmol) in succession. About 15
mnutes after the addition, the reaction turned into 28Jffebayary@pPow
solution and was stirred overnight at room 20 tenperature. The reaction

m xture was concentrated under reduced pressure to yield a solid that was
t hen taken QAc (600 nmL), washed with IN HO (3x4 ur at ed
aqueous %W%@O m.) and brine (2x40 nL), dried ovepc'%%vgiﬁ%s Na2SO4
and concentrated under reduced pressgge. The crude |ight yellow product
was purified through flash chromatography (hexane/Et OAc, 90/10-) 80/20) to
give the pure To ssiBed sdsm@kﬂfxsfcmmtd:hassese\@m@zs@mmm(&y GHYCL, ?z‘@o%ﬁ%ndeim NVR

CDC13 .98

(2 26- 2) 56‘3l e%'é”?%%?F%&PW@G%F@WB%@%Y“@g@%@ é‘%@@’l%’ﬁﬁe (102

o) N5 (BLECrEosBI A 3@5‘83““ Ry Seh L. "‘é‘%%'ék%““ﬁg T Sep s
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m.) to|5)gi hmbafore(,\ivashctd\mdi 10% aqueoimeidfﬂ)g&oElﬁbmﬁnclimg();vdﬁccadéeﬁagsm,l\dad}l (78 i,

78 Mo

Leac stlr over t at N erat ure,
giving a %g'? ea?ac'%? es“ﬁg ’98 B SH GP’%#E)\’[ ®&ction. The
reaction srifﬁctmrtbpnMomracambr Mdrudadi&enued:dlm&ddMMUneeet@e(mmaaﬁWE lo

cont a1 i nocre i v RSty ol A0Sk s G Ol ki By RRERRY ™

(4-iPr OAPﬁi')%ss‘mmd ﬂeaeseﬂlewas dilGid] wth Br@Ac ad nestralizbdwish 4N NaO sbrtiofl.0Tlehi s

o, 10, 3 1ausheThbs VB SeRibe o S s donliftelanlle kit Sepali iy

over n| ght brige, drindrand concemratagy dhe Tsolting axsidzowanpucified by fash chometgtaphy ed under

E one.  Thae el B2 SeBup R P mebkithid Byl (7., B RENE Gl o

anhydr ous) #a28aw aild EM(@B@bbG 25 Tite 1), 6.J6-6H0dthuBHD), 383 (s, ﬁHD,I?SfGOe(tﬂ, Iy ough

flash chrm %EW%—B%QQ@ 0'1:'3“03(% %@6372/ MeCH) to give the pure product
te so .23,

Frmc4|PrOA as a 5 %yield from bi s-Boc hydant oi n
H . 1H>

d

Step 3:

OMe
O — @—O 4
0
% ~NH

T

To a solution of 4-(3-methoxyphenyl)cyclohexanone (3.10 g, 15.20 mmol) in ethanol (60

20 mL)and water (20 mL) in a glass pressure bottle, were added ammonium carbonate (8.75 g,
91.20 mmol, 6 equiv.) and potassium cyanide (1.98 g, 30.40 mmol, 2 equiv.). The mixture was
heated at 80-90 °C overnight. The cooled reaction mixture was added to icy water (300 ml) and
stirred vigorously for 30 min. The resulting precipitate was suction filtered, washed thoroughly
with wafer and dried to yield the hydantoin T as a white solid (4.08 g, 98% yield). 'H NMR

25 (DMSO-ds): 7.11 (d, 1H), 6.70-6.94 (m, 3H), 3.72 (s, 3H); MS (electrospray) m/e 316

' (M+MeCN+H), Caled for CisH;sN20s3, 2}:’4.



NVR(DVBO-d6), 7.76 (d, 2H), 7.60 (d, 2H), 7.39 (t 2H) , 31 (t, 2H), 7.08
(d, 2H), 6.84 (d, 20 2H), 4.24 (m 1H and 1.34 (d, 6H)285@ﬂ(aév3@@5rospray)
role 498 (MH), Calcd for C31H33NOB, 499. 28 February 2005 WO 02/ 18437
PCT/ EPO1/ 09630 -74 EXAVPLE 6 Preparation of Fznoc-I-am no-

- (4- et hyl cl ohexane-i -carboxylic acid (Fnoc-4- St ep 1:
go. 51 Tg‘gg%gly“ i on of 4-iodotoluene (10.9 g, 50.0 mD ﬁ]l y THE (180
m.) at -78 C was added a solution of _.gsBuLi (1.6 M 31.0 m, 50 mmol ) in
hexane over 20 mn. The reaction was stirred for another 20 mn before a
sol uti on dtepld:4- cycl ohexanedi one nono-eth)l ene ketal (6.0 g, 38.46 rnnol)
in dry THE (100 nmL.) was added dropwi se. After stirred for 2 h at -78 C, the
10 reaction was quenched with aqueous NHACl and extracted with Et QAc. The
conbi ned organic extracts were washed with brine, dried over Na2SO4,
concentrated in vacuo to give the spectroscopically pure product | as a

white solid (9. 3Meg i . NMVR (Chlef®): 7. Moc 21y 7.16 (d,
2H), 3.98 (in, 4H) (El) V& 228\(M Z¥Yor Cl5H203,
248. 15 Step 2: 3] uhiyom O™ he af ., 180, 36.65 nmol )

in dry benzene (200 in-a fﬂ’as equi pped ﬁ‘S dBbctrap, was
added p-tol uenesul fonic acid fbnohydrate (650 ng) and thhe reaction was
heated at 100 C for 3 hrs.q The reaction was cooledgo rt, diluted with
Et OAc 20 (500 nlL) and washed with aqueous Na2CO3 (50 ni), brine (3x50 nL),

Spect r 0scopi oy BEEoB A BB BT S0k 1B MR oh T etised f or
next stsepaddet dbet-tauylididadahiate (10. 5l\§4$ B ﬂ:mm 2.5234v), Ilsﬂethyilzﬁﬁné 3.0 mL, 2.17 g,
21.52 mmol, 1.1 equiv) and DMAP (235 mg, 1.92 mmol) in succession. The reaction turned into
a clear yellow solution and was stirred overnight at room temperature. The reaction mixture was
concentrated under reduced pressure to yield a solid that was then taken up in EtOAc (500 mL),
washed with 1N HCI (3x50 mL), saturated aqueous Na,COj3 (2x50 mL) and brine (2x50 mL),
10  dried over anhydrous Na,;SO, and concentrated under reduced pressure. The crude light yellow
product was purified through flash chromatography (hexane/EtOAc, 80/20->60/40) to give the
pure bis-Boc hydantoin U as a white solid (8.70 g, 95% yield). MS (electrospray) m/e 538
(M+MeCN+Na), Caled for CpsHaN; 07, 474. |

Step 5:
MeO Boc MeO
N NHFmoc
O-OM — OO
Ir “Boe r
O
15 u

The bis-Boc hydantoin U (2.30 g, 4.84 mmol) was dissolved in DME (80 mL) to givea
clear solution. To this solution was added 1N NaOH (44 mL, 44 mmol) and the reaction was
stirred overnight at roorm temperature, giving a slightly cloudy mixture. HPLC showed
completion of the reaction. The reaction mixture was concentrated under reduced pressure to

20 remove DME and extracted with Et;O. Without purification, the resulting aqueous layer
containing 1-amino-4-(3-methoxyphenyl)cyclohexane carboxylic acid (3-MeOAPC) was treated
with 6N HCl to adjust the pH to 11-12. To this solution (~40 mL) were added dioxane (80 mL)
and Fmoc-Cl (1.73 g, 6.76 mmol, 1.4 equiv) and the reaction was stirred overnight at room
temperature. The reaction mixture was then concentrated under reduced pressure to remove

25  DME, neutralized with 3N HCI and extracted with EtOAc. The combined organic extracts were



OCHZCHZO) Cal cd for CI SHH gOZl 230. 28 February 2005 WO 02/ 18437 -75 Steép
3: Me ~--OWJ K PCT/ EPOL/ 09630 To a sol ution of the ol &8ifebrugry2a@5 g) in
Et OAc (180 nlL) was added Pd/C (5 wt % on 5 carbon, 800 ng) and the
reacti on was run under 40 psi of hydrogen for 3 his at room tenperature.

The catal ys{y, jltered off and the filtrate was conce gi ve the
spect r oscopi c\zlﬁl y pure product K as a colorless oil (7. 48&gl,ﬂ,(§%%6g‘£yi el d).

MS (El) me 232 (M, 188 (MOCHZCHZ)&LCaI cd for C15H2002, 232. 10 Step 4 K

A sol ution qf the ketgg 90.9) in acetone (140 nm.) was treated with 4N
HO (60 ni Eﬁ% ada‘{er ghydrongNaafOpand copempiated. The ondeirodertwnt t he

resi due \A@ﬁnﬁbdl gt Whrdrhat oﬁraﬂicag’e@mﬂﬁiu/ms‘@}w%/ﬁ»ébhbﬁla ivd BRoRgUeous

was extra gani c racts _were washed with
bri ne, f@ﬂg\ff WE?%?P?‘#&% &% S%FHT’bwaggfe 1‘?15%1%‘/ 0341 I(’thNMR (DMSO-ds),
met hyl phems {& 9H),Glve X arpst)ey 40Ed, 2B 7. 300(ed, DEDL7. 23 (/) 1), 160va 8. 8001, BH), 8RN
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EXAMPLE 28

Preparation of Fmoc-(D,L)-5-bromo-2 aminotetraline-2-carboxylic acid (Fmoc-(D,L) 5-Br-Atc-
OH)

10
Step 1:

Br Br
D AE— ]

A mixture of 3-(2-bromophenyl)propanoic acid (prepared in 2 steps from 2-bromobenzyl
bromide, 2.0 g, 8.73 mmole), oxalyl chloride (1.14 ml, 13.1 mmole) and methylene chloride (20
15 ml) was cooled in an ice bath and N,N-dimethylformamide (34 pL, 0.44 mmole) was added
dropwise. The mixture was stirred at room temperature for 3 hours. Concentration in vacuo
gave 3-(2-bromophenyl)propanoyl chloride which was taken up in meth.ylene chloride and used

in the next step as a crude.
Step 2:
Br Br
oL, —
o o o

20 Na

I o}

A solution of the above acid chloride (crude, 8.73 mmole) in methylene chloride was
slowly added to a solution of diazomethane (generated from 5.70 g of 1-methyl-3-nitro-1-
nitrosoguanidine) in ether (40 ml) cooled in an ice bath. The mixture was then warmed up ta
room temperature and stirred overnight. The mixture was concentrated in vacuo and purified

25 by column chromatography (10 = 209 ethyl acetate/hexanes) to give 1-diazo-4-(2-

bromophenyl)butan-2-~one (1.88 g, 85% over 2 steps). ‘H NMR (CDCls) & 7.50 (1H, d, phenyl),



.To a soI ution of 4- (4 net hyI phenyl)cycl ohexanone (5 322% 28. 3 rrrml in

ethanol (90 mni) and water (30 nL) in a glass pressure o‘%ethr@rva%@% added
anmoni um carbonate (16.3 g, 5 169.8 nmol, 6 equiv.) and potassi um cyani de
(3.68 g, 56. 5 mmol, 2 equiv.). The m'xture was heated at 80-90 C
over ni ght . F Led reaction nmxture was added to icy Web g {*oﬁo %9 m) and
stirred vigorously for 30 mn. The resulting precipitate Was suc
filtered, washed thoroughly wth wat.es-and dried to yield the hydant0|n L
as a whlte solid (6.3 g, 86%yield). M5 (electrospray) W 517 (2M+H), Cal cd
for CI15H, mmmm, 121&3?11(7 (&t(&H, 18; phenl), 501 61 begdnsdia), 3105124, thyedait)) 262 L
(5.82 g, a)mol ) in dryTHF (250 nl) were added di-tert-butyl
di carbonate 1% 3 g, 56.4 nmol, 2.5 equiv), triethylamne (3.5 nL, 2.5 g,
24.7 15 mol ,1.1 equiv) and DVAP (275 nmg, 2.25 rnnol) in succession. The
reaction tur ned into a clear yellow solution and was stirred overnight at
roomtenpeSiap By €. The reaction m xture was concentrated under reduced
pressure to yield a solid that was then taken up in Et OAc (500 L), washed
-with 1R HC (3x50 m.), saturated aqueous Na2CO3 (2x50 mlL) and brine (2x50
m.), dried over anhydrous NMa2SO4 and concentrared under sreduced pressure.
The crude light yellow 20 t was purifieg sugh flash chromat ography
(hexan. e/ Et OAc, 90/1047013 o gi ve“t‘Tre*"pur Boc hydantoin Mas a
white solid (10.03 g, 100% ¥yt el "H NWVR (CDCY3) ™76 (d, 2H), 6.87 (d,
2H), 3.00 (m IH, 2.32 (s, 3H)N,21.59 (s, 9H) and 1.37 (s, 9H). 28 February
2005 WD 02/ 15437 -77 Step 7: MBoc O N

Toa mixfure of rthodium (II) acetate dimer (15 mg, 0.068 mmole) in methylene chloride

(120 ml) under reflux was slowly added a solution of 1-diazo-4-(2-bromophenyl)butan-2-one

10 (1.74 g, 6.85 mmole) in methylene chloride (30 ml). After the addition was complete, the

“ mixture was refloxed for an extra twenty minutes. The mixture was cooled to room femperature,

trifluoroacetic acid (1.5 ml) was added and the mixture was stitred at room temperature for an
hour. The reaction was quenched with saturated sodium bicarbonate solution. The layers were
separated and the methylene chloride layer was washed once more with saturated sodium

15  bicarbonate solution. The combined aqueous layers were back-extracted with methylene

- chloride. The combined organic layers were dried over magnesium sulfate, filtered and

concentrated in vacuo to give a brown oil. Purification by column chromatography (10 = 15%
ethyl acetate/hexanes) gave 5-bromo-f-tetralone (1.18 g, 77% yield) as a colorless oil. 'H
NMR (CDCly) & 7.46 (1H, t, phenyl), 7.05-7.09 (2H, m, phenyl), 3.58 (2H, s, benzylic), 3.22

20 (2H, t, benzylic), 2.54 (2H, t).

Step 4:
. Br | Br
CcO, — 1
: -
o
v
25 A mixture of 5-bromo-B-tetralone (1.18 g, 5.24 mmole), potassium cyanide (512 mg, 7.86

‘mmole), ammonium carbonate (3.0 g, 31.22 mmole), ethanol (25 ml) and water (5ml)ina
sealed, thick walled pressure flask was heated in a 80°C oil bath for 4 days. After cooling to room

temperature, the white slurry was poured into jce-water and stirred at room temperature for a



" Boc PCT/ EPOL/ 09630 NHFmoc OH 0 The bi s- Boc hydant0| n M(6.40 9,13.97 mml)

was dissolved in DVE (200 nmL) to give a clear solutio®8 Febryaiy 2080 ut i on
was added IN NaOH (120 nmL, 120 mmol) and the:reaction was 5 stirred
overnight at roomtenperature, giving a slightly cloudy m xture. HPLC
showed conp | f the reaction. The reaction m xture trated
under reducggidp%}ragehssgure to renove DVE and extracted with [%ﬁﬂ)a@ﬁ]hout
purification, the resulting aqueous lager containing

1- am no- 4- (4- et hyl phenyl) cl ohexane carboxylic acid (4- I\/bAPC) was treated
with 6N Heprurlgothauess Fil trmo pﬂwdhnmﬂrwnmavmmmﬂ(mgsmn HINMRer e

added DI V [ f P 5. 3 !, 1.1
equi v) i ni%B%@ﬂ%‘a)nﬁ%? e regtgtzlggu_? b\’/@%?é@’;&e& 758%%?&?&%‘?“& 5m

t enper at ur(EIecﬁmBrav)edh:tHuBrNBOx tale. 294absecdc2t(MaHe2o5I(Mai). r educed pressure
to renmove DME, acidified with 3N HCl, extracted with Et OAc. The conbi ned
“organi ¢ exgpsts were washed with bri ne, dried over anhydrous Na2SO4 and
concentrate The crude product was purified through flash chromatography
(CH2C12? MeCH, 98/ 2490/ 10) to give 15 the pure product Froc-4- MeAPC as a
white solid (4.35 g, 69 %yield from bi s-Boc hydaantom M. "H NWR
(DVBO-d6): 7.88 (d, 2H), 4H), 7.02-7.14 (m
4H, 4.25 (m 3H), 2.2 ) : aty,on of

Frnoc- | - am no-4- (4-chloro )c)eed» ohexane-| - boxylli c acid (Fnoc- 4-

C Apc-OH) Step 1: N A sol uti §f 4-chl orophenyl bronfdt (7.5 g, 39.2 mol)
in dry THE (180 nm.) was cooled to -78 C and treated dropwise with a
solution of n-BuLi (1.6 M 26 niL, 40 mml) in 25 hexane over 20 mn. The

reacti on was shisiikees dfoiydatdinvines7 8Q. 3'61nﬁin616)‘ Ba@E), FR0UH20%, 252 hndle? B
February 20 ? (2\§Om1 1211/ als?eglez tﬁq;rwgﬁgjﬁ%egsgu%% Bask was heated in a 125°C oil bath for 4 days.
The reaction mixture was cooled to room temperature, acidified to ~ pH 3 using 4N sulfuric acid
“ 10 while being stirred vigorously. The suspension was stirred in a boiling water bath for one hour
and cooled to room temperature. The white suspension was filtered and the precipitates rinsed
with water. The combined filtrate and washings were concentrated in vacuo to ~ 20 ml.

Neutralization with concentrated ammonium hydroxide solution gave white precipitate which
were filtered, washed with water and dried in vacuo overnight to give racemic 5-bromo-2-

15 aminotetraline-2-carboxylic acid (893 mg, 76% yield). LRMS (Electrospray). C1:H2BiNO,,
calc, 269; observed: 270 (M+XH), 272 (M+H), 268 (M-H), 270 (M-H).

Step 6:

m “’ NHFmos

20 COM
A mixture of racemic 5—b1'omo—2 aminotetraline-2-carboxylic acid {882 mg, 3.27

mmole), triethylamine (0.60 ml, 4.30 mmole), 9-fluorenylmethyl succinimidyl carbonate (Frmoc-
08y, 1.32 g, 3.91 mmole) in acetonitrile (30 ml) and water (30 ml) was stirred at room
temperature overnight. TLC analysis of the reaction the next day indicated the presence of

25 starting material amino acid. 9-fluorenylmethyl succirsximidyl carbonate (0.25 g), triethylamine
(0.6 ml) and acetonitrile (5 mi) was added and the mixture was stirred at room temaperature for
another day. The reaction mixture was concentrated in vacuo to remove most of the acetonitrile,

acidified to pH ~3 with 10% aqueous citric acid solution, and the white emulsion extracted twice



cycl ohexanedi one nono- et hyl ene ketal. (6.0 g, 38.46 mvl) in dry THE (100
m.) was added dropwi se. After stirred for 1 hr at -78 28 Feabréary@8@fii on was
guenched with aqueous NHA4C1 and extracted with Et OAc. The conbi ned organic
extracts were washed with brine, dried over Na2SO4, concentrated in vacuo

to give the scopically pure product N as a white % 05 g,
91% yi el d) . “’%’ﬂﬁﬁm? (CDC13): 7.45 (m2H), 7.31 (m 2H), igjﬂh ﬂf"g“

2.02-2.20 (m 4H), 1.75-1.82 (m 211ky1.66-1..73 (m 2H),1.54 (s, 1H); VS
(El) me 268 (M), 251 (MOH), 250 (M H20), Calcd for Cl4HL7ClC3, 268.
Step 2: ClivithGndthylenb@hlride! The cdthbited bipanielagad eﬁerehha(sﬁedzﬁttgwata{abra@ digal ) in

d b 120 t h dded
o- 1 of uence rRibe R 1ok il Peb gy pivka Sk B oY Biont od
reflux f omoﬁninmbxoﬁugwpha@mmms - 60! Wb methnﬂolhrdﬂlbhhechlmaehto%ﬁ@c (500

Naoson andemie Mo Dol S abeiihe 2R acli(h B6 ¢ S0 el gl witle ik °V "

spectroschM&[FABpLEﬁi@BM(M%)aﬂcgmom obsested) 5140642 h was used for
next step without purification. Ms (El) me 250 (M), 190 (M OCH2CH20O),
Cal Cd for Cl4H15C @2, 250. Step 3: 20 0 P To a solution af, the olefin O
(6.11 g) in EtOAc (1201nL) was added Pd/C (5 Wt % on carbon, 600 ng) and

t he react '@%ﬁfﬂ’n under 5 psi of hydrogen for 3 hrs at room

tenperatu alyst was filtered off and the filtrate was

concent r aPecparatiay ofFmén=RE)-Sohivre-2 aminmitetedling-2marknxplicaid (Fivce®,B) ol or | ess
0i | (6,10 §a %vyield). MB (Bl) me 252(M), Calcd for Cl4H17002, 252.
28 February QA0 02/ 18437

Step 1:
ct ' o
oL — 0L
CozH o Yo
A mixture of 3-+(2-chlorophenyl)propanoic acid (5.0 g, 27.1 mmole), thionyl chloride
15 (10.9 ml, 149 mmole) and toluene (75 ml) was refluxed for two hours. Concentration in vacuo

gave 3-(2-chlorophenyl)propanoyl chloride which was taken vp in methylene chloride and used
in the next step without further purification.

(v Ct
Na

A solution of the above acid chloride (crade, 27.1 mmole) in methylene chloride was

Step 2:

20

slowly added to a solution of diazomethane (generated from 17.8 g of 1-methyl-3-nitro-1-
nitrosoguanidine) in ether (120 ml) cooled in an ice bath. The mixture was then warmed up to
room temperature and stirréd overnight. The mixture was concentrated in vacuo to give 1-diazo-

25 4-(2-chlorophenybbutan-2-one (5.87 g, > 100% over 2 steps) as a bright yellow oil. The
compound was used in the next step without further purification. 'H NMR (CDCl;) 8 7.05-7.32
(4H, m, phenyl), 5.13 (1H, broad s, diazo), 3.00 (2H, t, benzylic), 2.57 (2H, m).



PCT/ EPOL/ 09630 -79 Step 4: P 5 A solution of the ketal Pé5.81 g 23. 06
mml) in acetone (200 nL) was treated with p- tol uenesdkalirgaryePed
nonohydrate (876 ng) and heated at 60 C overnight. Solvent was renoved and
the resi due was taken up in Et OAc, washed wi th aqueous Na2CO3 sol uti on,
brine, driegpnfsszponcentrated to give the crude product P@@E@M)ﬁ%how oi |
(5.38 g, > 100% vyield). Purification through flash chromatography
(heaxane/ Et OAc, 80120460140) provi deds#-(4 1o -chl orophenyl)cycl-ohexanone as
alight yellowoil (4.54 g, 95%yield). M5 (El) W 208 (MB ), Calcd for
C12H13C103tep®8. Step 5: a 15 To a sol ution of

4- (4-chl orophenyl)cycl ohexagone (4.26 g, 20.48gnol) in ethanol (90 nl)

and water (30 niL) in a glads pressure bottle, \ere added ammoni um
carbonate (13.8 g, 144 @ quirv—are po cyanide (3.56 g, 54.77
mml, 2.5 equiv). The m xtw®€ waSsheated at 386€98,Cseverni ght. The cool ed
reaction mxture was added to ijcy water (400 m) and stirred vigorously

for 30 mn. The resulting precipitate was suction filtered, washed
t hor oughl y wi t o 2 onix{atedf o ﬂ@ﬂn@ﬁéﬁﬁtﬁmﬁéﬁa g 8- 2 yremeiebin meth yieme ghlpfidet e

lid (5. 9804 : "
324:415& Ng%ggm 78 2@%%&%@9@%%?%}&%% aiﬁ/s&ﬁdf\%jc‘??‘%%%%}%’@?,@? g%’t@%p 6: Q
R To a 3uSpeRs7en26f mmele thyeratinebimmghylsneialogide (80 Blffley theaddign wasp ( 250

m) were caagled, 6 mbib wWabifefhxdl SAsNARatRenfyRinkited; TAO MBI Was cc%lc?tgqm v),
triethylamne (2.8 nL, 2.07 g, 5 .20.45 mvl’, 1.1 equiv) and DVAP (226 ny,
1. 85 ol FeorhedpeamEss Frworowrgw aeid §6.0 8W) wasradeedl angtlep mixiure was stirred at room

temperature for two hours. The reaction was quenched with saturated sodium bicarbonate

solution. The Iayers were separated and the methylene chloride layer was washed once more
10  with saturated sodium bicarbonate solution. The combined aqueous layers were back-extracted
with methylene chloride. The combined organic layers were dtied over magnesium sulfate,
filiered and concentrated in vacuo to give a brown oil. Purification by column chromatography
(10 - 15% ethyl acetate/hexanes) gave 5-chloro-B-tetralone (3.32 g, 68% vield for steps 1
through 3) as a light brown oil. "HNMR (CDCl3) & 7.30 (1H, m, phenyl), 7.15 (1, t, phenyl),
15 7.05 (1H, d, phenyl), 3.60 (2H, s, benzylic), 3:22 (2H, t, benzylic), 2.56 (2H, t).

CoL — Oy
— OO
o~ N
W

20 A mixture of 5-chioro-B-tetralone (880 mg, 4.87 mmole), potassium cyanide (500 mg,
7.67 mmiole), ammonium carbonate (2.85 g, 29.7 mmole), ethanol (24 ml) and water (6 ml)in a
sealed, thick walled pressure flask was heated in a 80°C oil bath for 66 hours. After cooling to
room temperature, the slurry was poured into ice-water and stirred at room temperature for a
couple of hours. Filtration followed by aji-drjdng gave hydantoin W (0.92 g, 75%) as a light

25 beige solid. "H NMR (DMSO-ds) § 10.70 (1H, broad, N, 8.25 (1, broad s, NID), 7.0-7.3
(38, m, phenyl). LRMS (Electrospray): C;2Hi1CINzOa, calc. 250; observed: 249 (M-H), 251
QLD _ _

Step 4:



a clear yellow solution and was stirred overnight at roomtenperature. The
‘reaction nmixture was concentrated under reduced pressiBdeabsasy@0@ a solid
that was then taken up in EtOAc (500 nmL), washed with INHO (3x50 m),
sat urated agqueous Na2CO3 (2x50 nmL) and brine (2x50 nlL), dried over

anhydr ous d concentrated under reduced pressure, ge |ight
yel | ow 10 Bjrﬁg)i’%%ﬁwas purified through flash chromat ograpﬁﬁ!ﬁex&gne/ Et CAc,
- 90/ 10-70/30) to give the pure bis-Bagohydantoin R as a white solid (8.05
g, 91%yield). MS (el ectrospray) W 542 (MMa+MeCN), Cal cd for
C24H31CLNHNp 5:478 Step 7: G 15 R The bis-Boc hydantoin R (6.41 g, 13.97
nmol ) was dissolved in DVE (200 nL) to give -a clear solution. To this
sol ution was added IN NaOd (120 ni, 120 nmmol) and the reaction was stirred
overni ght at room tenperafure, giving a slightl y¥cl oudy mixture. HPLC
showed conpl etion of thegTeaCty on. The reacti o ™ re was concentrated
under reduced pressure tlg & dyove DMVE and e Mt h Et 20. Wt hout
purification, the resulting aguegtus |ayer contai ninggy

1- ami no- 4- (4- chl or ophenyl ) cy€T ofexane carboxylic acid (4-CH APC) was treated
with 6N HCO to adjust the pHto 11-12. To this solutiony(~ -180 nL) were
added DME (240 nlL) and a s¥Wution of Pmoc-OSu (5.31 g, 15.74 mnol, 1.1
equiv) in DME (30 nL) and the reaction was stirred overnight at room
tenperature. The reaction m xture was concentrated under reduce

pressur& to refogwtumpef hydanteinfW &B0ipg. §-53 upele), Ba(iEDa d0d3 4P EHS@LI@!@IG) The
conbi ned G gaRt §O%§ o8 Qﬂﬁt@j h a%LHS1, WEAKORAIEE 42 &uRGTAEREL hARE3Da 1BPCRNEACE S

were washed with brine, dried over anhydrous Na2SO4 and concentrated. The

crude pr émymgheﬁa?qﬂppéaxwv@a@wlﬂ JPPTR FRBREREEY Refitipd | ﬁﬂﬁ%dﬁ
9812- 9011 QiR agidehileRinglitifed AEQOLLTY. ﬁmaspén@n%ﬁ sﬂﬁe@m\&moﬂﬁ stdrdath5. 04
g, 76%yield fromthe bis-Boc h%dantm n).. NVR (.DVSO- d6 7. 88 (d, 2H),

7.74 (d, 3#pytwohoyrsand oppled {p reomy tempergigrey @i“@ﬁf S@Pﬁnsmwas @B pray) e
474 ( Mlb") précipiteds fitded GIBNAE] ¥ contbifed fAXANRIdwAhings were concentrated in vacuo

to ~ 50 ml. Neutralization with concentrated aramonium hydroxide solution gave white
precipitate which were filtered, washed with water and dried in vacuo overnight to give racemic
5-chloro-2-aminotetraline-2-carboxylic acid (788 mg, 99% yield). LRMS (Electrospray):
C11H12CINO,, calc. 225; observed: 226 (M+H), 228 (M+H), 224 (M-H), 226 (M-H).

15
Step 6:

Ci |

Ci
mm{a e m’mmoc
COH

-COH
A mixture of racemic 5-chloro-2-aminotetraline-2-carboxylic acid (402 mg, 1.78
mmole), triethylamine (0.38 ml, 2.73 mmole), 9-flucrenylmethyl succinimidyl carbonate (Fmoc-

20 OSu, 904 mg, 2.68 mmole) in acetonitrile (20 ml) and water (20 ml) was stirred at room
tcmperatme for two days. ‘TLCanalysis of the reaction after two days indicated the presence of
startmg matenal amino acid, 9-fluorenylmethyl succinimidyl carbonate (0.12 g) and
triethylamine (0.1 ml) was added and the mixture was stirred at room temperature for another
day. The reaction mixture was concentrated in vacuo to remove most of the acetonitrile,

25 acidified to pH ~3 with 10% aqueous citric acid solution, and the white emulsion exiracted three
times with ethyl acetate. The combined organic layers were washed with water, brine, dried
over magnesium sulfate. Filtration and concentration gave a crude oil which was purified by
column chromatography (eluted with 3 = 6-> 8% methanol/methylene chloride) to give racemic



Preparati on of Fnoc-I-am no-4-(3-nmet hoxyphenyl)cycl ohexane-1-carboxylic
acid (Fnoc-3- MeQApc-OH) 1o Step 1: Ove S To a sol uti o28dfebgudrpddehi sol e
(11.7, 50.0 mml,1.3 equiv) in dry THE (180 nL) at -78 C was added a
solution of n-BuLi (1.6 M 31.0 nmL, 50 mmol, 1.3 equiv) in hexane over 25
mn. is The I.on was stirred for another 30 mn befo i on of
1, 4-cycl ohe%(ﬁg %Jgﬁe nono- et hylene ketal (6.0 g, 38.46 %ﬁ%’%‘ﬁ@%&gry THE
(100 m.) was added dropwi se. After sti9fred for 2 h at -78 C, the reaction
was quenched with aqueous NHAClI and extracted with EtOAc. The conbined
organi ¢ eximogct-ehlerar etpedingRcrroprylia acid §#40aes, 69&rvisldrs@mhite selise AIRMSed i n
vacuo to @pv QY G297 . 't S as a white solid (9.34
0 05% yi Sy AR PULERE ORLTRT: SRS RINET . 71T (m 21 6.79 (dd.
IH), 3.98 (m 4H), 3.81 (s, 3H). Step 2: S 28 February 2005 WD 02/ 18437
PCT/ EPO1/ 09630 -82 To a stirred solution of the alcohol. S (5.6 g, 21.21
mol) in dry CHC12 (200 nL) Under a nitrogen atnmosphere at salt-ice bath
t enper af urted ded in succession triethylsilane (10.2 nlL,7.4 g, 63.63
mol , 3 eQtkparativi@f BAGSDLN-5ihddi-danahbef-aAine-2A Ziboxyliddcid @thot-(D,1) 369. 7
mol, 8 ﬁ@é%'—)go )he reaction mxture was then allowedtqQq warmto room

t enperatu irred for 3 5 hrs before washed with 10% agqueous KZC03
solution and H20, dried over Na2SO4, and concentrated in vacua to give the
deoxygenati on conpound as an oil (4.91g), which was sufficiently pure for
direct usgy sz}i S crude internediate was dissolved in acetone (130 nL) and
treated witth 4N HO (60 nm.) and heated at 65 C for 4 hrs. Sol vent was
renoved under reduced pgessure and the residug was diluted with Et OAc and
neutralized with 4N NaOH]sol ution. The to aque¢us | ayer was extracted with
Et CAc and the conbi ned ,@: extracts wyere Sfleyw th  brine, dried and
concentrated. The resul%.# due was puri fheehl "Y§%h chr onat ogr aphy on
silicajgel (80/20->60/40) to ®inve 4-(3-net hoxyphenyepcycl ohexanone (3.67 g,
85% overal | Vi gl

n%xture of racemic 5-methoxy-2-aminotetraline-2-carboxylic acid (prepared according
to Obrecht, D. et. al. Helv. Chim Acta. 1992, 75, 1666) (802 mg, 3.62 munole), triethylamine
(0.62 ml, 4.45 mmole), 9-fluorenyimethyl succinimidyl carbonate (Fmoc-OSu, 1.47 g, 4.36
mmole) in acetonitrile (25 ml) and water {25 ml) was stirred at room temperature for 30 hours.

15 TLC analysis of the reaction indicated the presence of starting material amino acid. 9-

. fluorenylmethyl succinimidyl carbonate (370 mg) and triethylamine (0.6 ml) were added and the
mixture was stirred at room temperature for another 24 hours. The reaction mixture was
concentrated in vacuo to remove most of the acetonitrile, acidified to pH ~3 with 10% agqueous
citric acid solution, and the white emulsion was extracted three times with ethyl acetate. The

20 combined organic layers were washed with water, brine and dried over magnesium sulfate.
Filtration and concentration gave a crude oil which was purified by column chromatography
{eluted with 1 > 3 -> 5 -> 10% methanol/methylene chloride) to give racemic Fmoc-5-
methoxy-2-aminotetraline-2-carboxylic acid (1.14 g, 71% yield) as an off-white solid. HRMS
(FAB): CyHpeNOs (M+H) calc. 444.1812; observed: 444.1814.

25



as a yellowoil. "H NWR (CDC13): 7.25 (dt, 1H), 6.75-6.86 (m 3H), 3.81 (s,
3H), 3.00 ft IM M (EI) W 204 (M+), Calcd for Cl31128GEbpety 2085 St ep 3:
W MeO T To a solution of 4-(3-methoxyphenyl)cycl ohexanone (3.10 g, 15.20
mmol) in ethanol (60 20 mL) and water (20 nlL) in a glass pressure bottle,
wer e added L carbonate (8.75 g, 91.20 nmmol, 6 equi ot assi um
cyani de (1.3@“@Hb§gT4o nmmol, 2 equiv.). The m xture was 5ﬁg§F§§§g? 80-90 C
.overnight. The cool ed reaction m xtur@lwas added to icy water (300 m) and
stirred vigorously for 30 min. The resulting precipitate was suction
fiItered,E&Eﬁﬂ@ﬂ;ﬂﬂoroughly with water and dried to yield the hydantoin T

as_a whi t @rghbdiien Gf‘Frﬁ&:é9%%@%}5&@&-%0&&%2%&%@%%%?%moc(zﬁ%}e%% H)l,H)’

6.70-6.94Egg§ %gﬁb 3.7 ;" M5 (el ectrospray
Cal cd for #)84q 03, 274. 28 February 2005 WO 02/ 18437 PCT/ EP0O1/ 09630 -83
Step 4: T U To a suspension of the hydantoin T (5.29 g, 19.30 nmol) in dry
THE (250 nm.) were 5 added di-tent-butyl dicarbonate (10.5 g, 48.16 mmol,
2.5 equiv§ triethylamne (3.0 m, 2.17 g, 21.52 mmol, 1.1 equiv) and DVAP
(235 ng? ‘ol ) in succession. The reaction turned into a clear yellow
solution and was stirred overni ght at room ffenperature.” The reaction
m xture was concentrated ginder reduced pressyre to yield a solid that was
then taken up in EtOAc (500 nml.), washed with IN HCL(3x50 nlL), saturated
aqueous Na2CCO3 (2x50 nl) ganyg Dyi ne_(2x5Q nl ried over anhydrous
Na2SO4 and concentrat ed sogs(seduced press ude |ight yell ow
product was purified through f1aZh chr omat ogr aphy (Hexane/EtCﬁc, 80120-
60140) to give the pure bis-Boc hydantoin Uas a white solid (8.70 g, 95%
yield). M5 (ef&drssigydibyigonysiphthalene (5.02 g, 31.3 mmole), anhydrous potassivm

carbonate (52.0 g, 376 mmole), N,N-dimethylformamide (50 mt) and iodoethane (15 ml, 188

mumole) was stirred in a 35°C oil bath for 24 hours. The reaction mixture was filtered and the

- 10 solid residue was rinsed thoroughly with ethyl ether. The filtrate and the washings were

combined and concentrated in vacuo to remove most of the solvents. The brown residue was

partitioned between water and ether and the layers were separated. The ether layer was washed
with water. The combined aqueous layeré were back extracted with ether. The ether extracts
were combined, washed with brine and dried over magnesium sulfate. Filtration and

15 concentration gave a crude brown solid (6.74 g, 99% yield). Recrystallization of the crude
product from hot methanol gave 1,6-diethoxynaphthalene (4.36 g, 64% yield, first crop) asa
light brown solid. *H NMR (CDCl) 8 8.20 (1H, 4, phenyl}, 7.06-7.36 (4H, m, phenyl), 6.66
(1H, dd, phenyl), 4.10-4.23 (4H, 2 sets of q, 2 CHy), 1.45-1.56 (6H, 2 sets of t, 2 CHs).

20 Step2:

L L
| — Q0
0" N (o)
To a refluxing solution of 1,6—diethoxynapht_halene (4.15 g, 19.2 mmole) in absolute
ethanol (100 ml) was carefully added small pieces of Sodium metal (6.8 g, 296 mmole) over 60
minutes. The mixture was refluxed for another 90 minutes. TLC indicated the presence of

25 unreacted starting material. Extra sodium metal (1.0 g, 43.5 mmole) was added and the reaction

mixture was refluxed for another 60 minutes. The reaction was cooled to room temperature,



(IVHNECN+Na) Cal cd for C2134N207, 474. St ep 5: 15 U O Q The bis-Boc
hydantoin U (2.30 g, 4.84 nmmol) was di ssol ved in DVE (&6 fabruars280%e a
clear solution. To this solution was added I N NaCH (44 nL, 44 mmol) and the
reaction was stirred overnight at roomtenperature, giving a slightly

cl oudy m Xt We5RLC showed conpl etion of the reaction. I@mﬁnﬁ%ﬁéﬁon
m xt ure was concentrat ed under reduced pressure to 20 renove an

extracted WI th Et20. Wthout purificat®en, the resulting aqueous |ayer
contai ni ng 1-am no-4-(3-met hoxyphenyl )cycl ohexane carboxylic acid

(3-Me OAPC)‘!%B@ ith pater ang acidifigl wigh rorcsnizated hydrachleri a¢id. oThelmikpure Wes t hi s
sol ution (cofi@niFhtbd WeVaBuchte dchve m&ﬁﬂ%e(eﬁﬁn&t)erg Qt@fé? S fofd whelex el e 76

mmol, 1.4 equiv nd the reaction was stirr t at room
t enper at urtEIeS ‘-%!%cﬁe(ﬂ? ingd preanigiayers ﬁ’éﬁ?%hﬁﬁé’ﬂﬂk‘&%t@cﬁﬂéﬁﬂ@imfeémﬂi@@d

pressure tsalfitenBieatidn aﬂ\ﬂﬁnceﬂ&kﬁdhaéab@@&o% b3 Mt rastidogd nacf ed with
Et CAc.- The co |ne n c extracts were 28 February 2005 WD 02118437

PCT/ EPO1/ GHHBR/W dhemrR luspesplionichcidddoR g} wasdger Jthe migtresoMasand

concent r atremhxca'!ﬁﬁ' mo ﬂﬁiﬁltd@f Eﬂ!kﬁlﬁ-tdl\&ﬁesuﬁbkﬁé hdi@LobYngh kv@@éﬁhde@émﬁ& Hﬂitﬁ@vm%% on
- C as a Ite

silica gel %éCHg% ng 98/ 2-90/ 10 gi ve Fnoc-
solid (1.98%® “@? RS A e Eg Wa%fﬁtt@ilmfa@% most ﬂ\ﬂl@ ¢thwmstvess) |
673 E;Ei g d802bﬁ10ve3 uﬁ&er(r«fﬁuc s&e.g'ﬁxe(éqdl\gu%hil)xm% Wl e}(ﬂ'va@ted %‘fﬁe %ﬁ%ﬁé&h}a ) mcal g
X . (el ectros e C
for C29H2 é@?"%ﬁﬁf" M(i’ﬁﬁ ‘Q%%W‘é‘% VeIRF, SHTIRieg 8 yp plylonde o
ani not et r akiedeve? sedinb exfaid, Filattich dff oBzedthaiibn ghve BborvérCoil ¥Hkh $as ﬁirmed by Sr
column chromatography (7% ethyl acetate/hexanes) to give 5-ethoxy-P-tetralone (2.43 g, 67%
yield) as a light yellow oil. "HNMR (CDCls) § 7.15 (1H, t, Phepyl), 6.76 (1H, d, phenyl), 6.72
(1H, d, phenyl), 4.05 (2H, g, CHy), 3.56 (2H, s, benzylic), 3.10 (2H, t, benzylic), 2.53 (2H, 1),
1.44 (3H, t, CH3).
15
Step 3:

L L
H
o @ o
_ @ )
A mixture of 5-ethoxy-f-tetralone (2.23 g, 11.7 mmole), potassium cyanide (1.20 g, 18.4
mmole), ammonium carbonate (6.75 g, 70.2 mmole), ethanol (80 ml) and water (20 ml) in a
20 sealed, thick walled pressure flask was héated in a 80°C oit bath for 3 days. After cooling to
room temperature, the sharry was poured into ice-water and stirred at room temperature for a
couple qf hours. Filtration followed by air-drying gave hydantoin X (2.69 g, 88%) as a beige
solid. 'H NMR (DMSO0-ds) 8 10.65 (1H, broad s, NH), 8.22 (1H, broad s, NH), 7.06 (1H, t,

phenyl), 6.75 (1H, d, phenyl), 6.65 (1H, d, phenyl), 3.98 (2H, g, CH,), 1.32 (3H, t, CHs). IRMS
25 (Electrospray): CisH;N20;, cale. 259; observed: 258 (M-H).



A nixture of 3- (2 bronnphenyl)propanorc acid (prepared_in steps from
2-bronobenzyl  bromide, 2.0 g, 8.73 mole), oxalyl chI@ﬁﬁﬁ@"ﬁiyggoﬁﬂ 13.1
nmol e) and net hyl ene chloride (20 15 nl) was- 'cooled in an ice bath and

N, N-di met hyl formami de (34 L, 0.44 mmole) was added dropwi se. The m xture
was stirre { tenperature for 3 hours. Concentrati 0 gave
3-(2-bronop éﬁ?@gfepanoyl chl oride which was taken up |ﬁ8ﬁ%§H§ eﬁe
chloride and used in the next step a®3a crude. Step 2: 20 A solution of

t he above acid chloride, (crude, 8.73 mvle) in nethylene chloride was

sl owy ad®®P 40 a solution of di azonet hane (generated from5.70 g of
1-methyl -3-nitro-1- nitgosoguanidine) in ether (40 m) cooled in an ice
bath. The m xture was t&e warmed up to roomt erature and stirred
overnight. The m xture me. concentrated in vacuojand purified 25 by colum
chromat ography (10 - 220%™ ?fetate/hexanes) ve 1-diazo-4-(2-

br onophenyl ) but an- 2- one 85%over 2 st MYdVR (CDCL13) 8 7.50
(1H, d, phenyl), 28 February ,00%=°MD 02/ 18437 PCT/ ERQLA/ 09630 -85 7.24
(2H, m phenyl), 7.06 (1H, ¥ pidenyl), 5.21 (1H, broad s, diazo), 3.05 (2H,
t, benzylic), 2.62 (2H, . Step 3: 5 ar To a mixture &ﬂ rhodi um (11)
acetate dinmer (15 ng, 0.068 mole) in nethylene chloride (120 m ) under

reflux was sl oMmixaguddydanioin § @2 ﬁge? 87 mgiode) Ba(OHR. Hr® (Roffha 496 pisaladin 2- one
1o (174 Guated (54 oAb Gttty In WBELIN, B blord Bl Wad neafdalifh 169°€ ot BAth L | ON

was conpl et €, m xt ure was re @j?gr an extra twenty m nut
m xt ur €5 wler @@QP@dEﬁféﬁ BYOH): EapdP40 gr@ 6 mmﬁleﬂ wabiddad andi the mixtute was @atmi) vvas

added and i DersE 6l 8o (HES adlitibhB 91 Bbusk. (% Gvab Bl %I&!aw The

reacti on was quenched with saturated so unrblcar onate SO utlon The

| ayer s wef@nperigeagidiigd smd Pﬁr%lsmmr%ﬁﬂec adid whilefeeingsjized yigerowdyhBY once
nore W t hsspbidichived s&odl i H‘b@ﬁmg 'v@a%’r lBQtﬁQ&r%n@ Rbutlah @ BoolelS rdoRBMPaSnRIYRO US

I ayers wer e back extracted wt | ene
white suspension was filtered and the prempltates rinsed with water. The combined filtrate and

10 washings were concentrated in vacuo to ~ 75 ml. Neutralization with concenirated ammonium
hydroxide solution gave white precipitate which were filtered, washed with water and air-dried
to give racemic 5-ethoxy-2-aminotetraline-2~carboxylic acid (2.34 g, quantitative yield) as a
light beige solid. LRMS (Electrospray): CiaH7NOs, cale. 235; observed: 236 (M+H), 234 (M-
.

15
Step 5:

COH

A mixture of racemic 5-ethoxy-2-aminotetraline-2-carboxylic acid (2.22 g, 9.44 mmole),
20 trieﬂlylamine (2.00 mi, 14.3 mmole), 9-fluorenylmethyl succinimidyl carbonate (Fmoc-OSu,
4.81 g, 14.3 mmole) in acetonitrile (75 ml) and water (75 ml) was stirred at room temperature
for two days. TLC analysis of the reaction indicated the presence of starting material amino’
acid. 9-fluorenylmethyl succinimidyl carbonate (645 mg) and triethylamine (1.0 ml) was added
and the mixiure was stirred at room temperature for another day. The reaction mixture was
25 concentrated in vacuo to remove most of the acetonitrile, acidified to pH ~3 with 10% aqueous
citric acid solution, and the white emulsion extracted three times with ethyl acetate. The

combined organic layers were washed with water, brine, dried over magnesium sulfate.



chloride. The combi ned organic | ayers were dried over qne5| umsul fate,

filtered and concentrated in vacuo to give a brown oil28 43y €993 on by
col uim chromat ography (10 - 15% ethyl acetate/hexanes) gave 5
brono-(3-tetralone (1.18 g, 77%yield) as a colorless oil. rH NWR (CDd 3)

S 7.46 (1llLwioo2pe8nyl ), 7.05-7.09 (2H m phenyl), 3.58 @@%mi»olﬁ)%sl?enzyl ic),

3.22 20 (21L t, benzylic), 2.54 (2H, t). Step 4: Br v A m xture of
5-bronmp- j-tetralone (1.18 g, 5.24 i m¥dle), pot assi um cyanl de (512 ng, 7.86
nmol e) , argj)nl um car bonate (3.0 g,  31.22 nmole et hanol (25 nml) and water
(5m) in Qg goncepiratien gayel aéaud&ﬁégvémhévwa%ﬁedmscomm Wai0gadyC oi |

~bath for lteld&l&nthéf-bgréqg% ﬂlé‘tﬁ&foﬂm’é&?ﬁhc élﬁdﬂaejtafgfve%aceﬁnktq:ﬁ&@-S-ethéiﬂﬁf y was

poured into.ice- nd_stirred at omtenperature for a_28 February

2005 WO 0% FEPORHS 654 (- 668 > QI gleld) gtp Bhite3alidy BN Q! oved
by ai r - dr yi .90y eIy dedd. a5211967( bbsedved; 4583985, 1H NVR (DMSO-d6) & 10.71
(1H, broad, NH), 8.28 (1H, broad s, NH), 7.0-7.5 (3H m phenyl). LRMS

(pl ectrf)spray): Cl2H11Br N2Q2, calc. 294; observed: 293 (MH, 295 (MH).
Step 5: 5 Br NH2 CO2H NV A m xture of hydantoin V (1.287 g, 4.36 mole),
Ba( OH) 2 H@é@é&sﬁ 22.2 mmole) in water (25 m) in a seal ed, thick walled
pressure heated in a 125C oil bath for 4 days. The reaction

m xture vvefkegamibndf Frooq-(Iph)-5-dsopmipaiy2-amiraest@iifid-Bdarbexylic adid{Fandts(DGK) 54N

sul furic dlbb %ﬁ{ ile being stirred vigorously. The suspensi on was
stirred in a boiTr“ng water bath for one hour

10 Step1:

A mixture of 6-methoxy-1-tetralone (5.07 g, 28.8 mmole), 10% Pd/C (3.53 g, 3.32
mmole) in dry p-cymene (250 ml) was heated to reflux under argon for 38 hours. The reaction
15 mixture was cooled to room temperature, filtered over celite and the residue rinsed thoroughly
. with p-cymene. The filirate and the washings were combined and extracted twice with 1N
sodium hydroxide solution (2 x 70 ml). The combined aqueous extracts were acidified with 6N
hydrochloric acid to pH ~3 and extracted three times with ether. The combined organic layers
were washed with water, dried over anhydrous sodium sulfate. Filtration and concentration gave
20 crude S-hydroxy-6-methoxynaphthalene (2.31 g, 46% yield) as a light brown solid which was
used in the next step without further purification. LRMS (Electrospray): Cy1H100s, calc. 174;
observed: 173 (M-H).

Step 2:..

A mixture of 5-hydroxy-6-methoxynaphthalene (2.10 g, 12.1 mmole), cesium carbonate
 (19.7 g, 60.5 mmole), N,N-dimethylformamide (12 ml) and 2-bromopropane (3.50 ml, 36.9

25



and cooled to roomtenperature. The white suspension was filtered and the
‘precipitates rinsed wth water. The conbined filtrate28f®oReEN20REs were
concentrated in vacuo to - 20 m. Neutralization with concentrated
- ammoni um hydr oxi de sol ution gave white precipitate which were filtered,
washed W t hywgahggssand dried in vacuo overnight to give rgepbfinssr omo-2 15
ani notetraline-2-carboxylic acid (893 ngy, 76%yield). LRVS ’?ié ectrospray):
Cl1H12Br N2, calc. 269; observed: 2785¢(MH), 272 (MrH), 268 (M H), 270 (M

. Step 6: NH2 . N 02H, t f 5 b 2
o ot ot r GHPAHE) Vb e I Slcheth qgEIEh begession miRbHEpme EEPeLABAIE (0. 60
m, 349§o mmuewas rihséd uhcfcm?}gﬂiy:mhmﬂyl ahgcThé ﬂhdaélan@ﬂ{ebaaﬁﬁg véedeﬁxbu@@gndtl 32
, rle ed a
o D S o Rl S "o
i ndi cat ed QWéenmaé@@néethelfanﬂSh@mamWﬂmgsepmaedJ Fhbe ahnrdnyemasd\rashed mth water.
9-fl uoraenx*a@s'arﬁﬁiﬁedsduﬁéah%g&wérg ABRALA {ith dherOthe LhbNARAL Affubidd 6 M)

and acetonitril e mxture was stirr roo
t enper at uM@shed pith %%%élrdlﬂéwer voriumesylfate- it tﬁﬂfmamdéomtrem@mm‘u in

vacuo to ke vwas pi gfc&m,gneﬁ%ﬁfug}ph @zsea@)s%ga%&a{eﬁm@dﬁes )30 Yid 1 10%

aqueous citric aC|d solution, and th Ite emul Sion extracted"tw ce 28
February PODSPWD-ERethgnamphibslemCT2ERBEr0BEas wilight brewh piLeWENVR (GDCQR S The
conbi ned gn r

magnesi umgs%gl%lllﬂ(alhl%}léﬁ ?rdgteilr%n(ﬁgﬁlgegh W@lﬁtfrﬁgpﬁo‘iﬁl én £ crggg 68%4%5: Ch was
purifi & By2 b rHo & #6He Br)-ut ed vmth2- 5-) 10%

nmet hanol / net hyl ene chl ori de) to give racem ¢ Fnoc-5-brono-2

am not et r 8tepBe- 2- carboxylic acid (1.09 g, 68%yield) as a white solid. 5
HRVS (FAB): C26H22Br NNaO4 (MtrNa) talc. 514.0630; observed: 514. 0643.

EXAMPLE 10 /Lo *0
O, — 0L

To a refluxing solution of 1-isopropoxy-6-methoxynaphthalene (2.23 g, 10.3 mmole) in
15 absolute ethanol (50 ml) was carefully added small pieces of sodium metal (3.6 g, 157 mmole)
over 45 minutes. The mixture was refluxed for a farther 120 minutes. The reaction was cooled
to room temperature, quenched with water and acidified with concentrated hydrochloric acid.
The mixture was concentrated in vacto to remove most of the ethanol. The agueous mixture
was extracted three times with ether. The combined organic layers were washed with water and
20 dried over sodium sulfate. Filtration and concentration gave a reddish oil which was dissolved
in 1:1 ethanol/water (90 ml}, then p-toluenesulfonic acid (200 mg) was added. The mixture was
refluxed for 60 minutes. After cooling to room temperature, most of the ethanol was removed
under reduced pressure. The aqueous mixture was extracted twice with ether and the combined
organic layers were washed with water, saturated sodium chloride solution and dried over
25 sodium sulfate. Filtration and concentration gave a reddish oil which was purified by column
chromatography (8 = 15 % cthyl acetate/hexanes) to give 5-isopropoxy-f-tetralone (1.37 g,
65% yield) as a colorless oil. "H NMR (CPCls) § 7.16 (11, t, phenyl), 6.78 (1H, d, phenyl),
6.71 (1H, d, phenyl), 4.53 (1H, m, CH of iPr), 3.56 (2H, s, benzylic), 3.08 (2H, t, benzylic), 2.50
(2H, ©), 1.37 (6H, d, 2 CH;3 of iPr).
30



Preparation of Fnoc-(D,L)-5-chloro-2 am notetraline-2-carboxylic acid
(Froc- (D, L) 5- 10 G Atc-OH) Step 1. A nixture of 28 February 2005
3-(2-chl orophenyl ) propanoic acid (5.0 g, 27.1 mmole), thionyl chloride 15
(10.9 m, 149 mmole) and toluene (75 m) was refluxed for two hours.
Concentr ati @ g2isagacuo gave 3-(2-chl orophenyl) propanoyl eb{@pdi@6s:9hi ch was
taken up in nethylene chloride and used in the next step wthout further
purification. Step 2: 20 N2 A sol utio®sef the .above acid chloride (crude,
27.1 mmole) in nmethylene chloride was slowy added to a solution of
di azomet hat®P 4:generated from 17.8 g of 1-nethyl-3-nitro-I-
nitrosoguanidine) in ethef (120 m) cooled in an ice bath. The m xture was
then warned up to room erature and sti é‘gd overnight. The m xture was
ophenyl ) but an- 2- one
| . The conpound was
fH NMR (CDC13) 8

concentrated in vacuo to gijve 1-di azo 25 4-(2-%
(5.87 g, > 100% over 2 st as a bright yel
used in the next step with th'é'r'TU'P'ifi
7.05-7.32 (411, m phenyl), 5 1F (I H broad s? >,=03.00 (2H, t,

benzylic), 2.57 (2H, m. 28 February 2005 WD 02 13N 88 Step 3 ci ci

PCT/ EPO1/ 09630 To a mi xture of rhodium (11) acetate dinern (60 ng, 0.27
nmole) in methylene chloride (400 m ) under ref¥ux was slowy added a

sol ution of cryde. l-di@az0-4-(2-br | )byt an-2.5 one (5. 87 27.1
mmol e t heoret i %%W@%éﬁﬁ?é?@é%g‘%ﬁ%‘?ﬁgagm ’?I.m%?’tpgg'ssﬂ CW??%M was
conpl et e, mgh0. Fimutale)earmasninmfchibmet: (A&7 ga40. 2 iole).{ BRAGHAN )L @ Swatef (Pemlyi Xt Ur €
was cool e trifluoroacetic.acid (6.0 m) _was added
and the it etk WETRE Bl S e v BB Gt B oty AneFinelite
reacti on VEcndempdndurcyibt blugyivas pavesl isodéecmatiyiand stixesdait €oom temperature for a

couple of hours. Filtration followed by air-drying gave hydantoin Y (1.64 g, 89%).

10 Step S:

A
o N>=o CoH

A mixture of hydantoin ¥ (1.64 g, 5.98 mmole), Ba(OH),. H,O (5.66 g, 29.9 mmole) in

water (25 ml) in a sealed, thick walled pressure flask was heated in a 100°C oil bath for 70
hours. The reaction mixture was cooled to room temperature, neutralized to ~ pH 7 using 4N

15 sulfuric acid while being stirred vigorously. The suspension was stirred in a boiling water bath
for one hour and cooled to room temperature. Basified with 1N sodium hydroxide solution and
the white suspension was filtered and the precipitates rinsed with water. The combined filtrate
and WasTlings were concentrated in vacuo to ~ 75 ml. Neutralization with concentrated
hydrochloric acid solution gave white precipitate which were filtered, washed with water and

20  air-dried to give racemic S-isopropoxy—2-§minotelxa]jne-2-carboxylic acid (3.48 g, wet and |
containing inorganic salt, > quantitative yield). LRMS (Electrospray): C14HoNOs, calc, 249;
observed: 248 (M-H). : '



roomtenperature, the sl

" solution. The | ayers were separat ed and the nethylene chloride layer was

washed once nore 10 with saturated sodi um bi carbonat e 28|Rebruany 20U%e
conbi ned aqueous | ayers were back-extracted . with nethyl ene chloride. The
conbi ned organic | ayers were dried over magnesiumsulfate, filtered and

concentrate uo to give a brown oil. Purification I
chr omat ogr ag’ﬁ)lﬂgll 3 15% et hyl acet at e/ hexanes) gave 5@%@%&“%9‘{ etral one

(3.32 g, 68%yield for steps 1 through.3) as.a light brown oil. 1H NMR

(CDC13) S 7.30 (1H, m phenyl), 7.15 (1H, t, phenyl), 15 7.05 (1H, d,
phenyl ), ®t§ls:(2H, s, benzylic), 3:22 (2H t, benzylic), 2.56 (2H, t). Step
4. G w20 A mxture of 5-chloro-f -tetral one,(880 ng, 4.87 mole),

pot assi um cyani de (500{[{9, 7.67 nrnole), a@i um car bonate (2.85.g, 29.7
mol e), ethanol (24 nl7) &hd water (6 m) in 3eal ed, thick walled
pressure flask was heat ee 80C oil bath fq ours. After cooling to
' ntd Sstirred at room
tenperature for a couple&®of~Mfours. Filtration™f dawed by air-drying gave
hydantoin W (0.92 g, 75% as &ight 25 beige soI i d.“4H NVR ( DMSO- d6)

810. 70 (1H, br Aanixtudddf rad8mB5S-{sdpdopday-Qathisotetidine-2%atboxXylE acidR3 A8 gawmyl ) .

(i 25 EehOR BRI 10 ! g bieh s RRRREBSNE EBIAY oo |

" 5 A b xtcambenatdf (thacl-é)ShpZ 62 M’B&ﬂmﬂlg) in 3cebdniiniten(36 ynl) dhd (Waktdyr 230 tib @af Rirk@ g,

18. 0 mmol t di .seal.e hi ck wal .

pressure ? %Q?/\a%&%mgg eF n? A %ﬂigﬁf o%tg Wm%%méc%mc? PEFfECY (étjééﬁnﬁn

m xt ur e wasatarigbdngido said. r Bfinortwipehytsurcnimialy] cirfaned (500 mg)rds Addediandthd N
mixture was stirred at room temperature for another day. The reaction mixture was concentrated

in vacuo to remove most of the acetonitrile, acidified to pH ~3 with 10% aqueous citric acid
10 solution, and the white emulsion extracted three times with methylene chloride. The combined
) organic layers were washed with water, brine, dried over magnesium sulfate. Filtration and
concentration gave a crude oil which was purified by column chromatography (eluied with 1 >
2 -» 5 - 8% methanol/methylene chloride) to give racemic Fmoc-5-isopropoxy-2-
aminotetraline-2-carboxylic acid (0.50 g, 18% yield over 2 steps) as a white solid. HRMS
15  (FAB): CyH3NOs (M+H) calc. 472.2124; observed: 472.2117.

EXAMPLE 14
Preparation of Fmoc-(D,1.)-5~methyl-2-aminotetraline-2-carboxylic acid (Fmoc-~(D,L) 5-
20 MeAtc-OH)

Step 1:

CHg CHs
(5 Ly T t:;rl
CO.H o o

A mixture of 2-methylhydrocinnamic acid (3.0 g, 18.3 mmole), oxalyl chloride (3.19 ml,
36.6 mmole) and methylene chloride (30 inl) was cooled in an ice bath and N,N-
25  dimethylformamide (0.14 ml, 1.81 mmole) was added dropwise. The mixture was stirred at
room temperature overnight. Concentration in vacuo gave 3-(2-methylphenyl)propanoyl
chloride which was taken up in methylene chloride and used in the next step as a crude,



“sulfuric acid while being stirred vigorously. The suspension was stirred’in
a boiling water bath for two hours and cool ed to room28diebarant 2005, The
white suspension was filtered and the 10 precipitates rinsed with water.
The conbined filtrate and washi ngs were concentrated in vacuo to - 50 nl.
Neutralizatjon with concentrated amoni um hydroxi de sol utjon gave white
preci pitat ewmﬁ_"&%y(/\ere filtered, washed with water and d’F#W""WW)acuo
overnight to give racem c 5-chl oro-29gm notetraline-2-carboxylic acid (788
ng, 99%yield). LRVS (Electrospray): Cl11H12CINO2, colt. 225; observed: 226
(MrH), 228tepRbH), 224 (MH, 226 (MH). 15 Step 6: CO2H H2 NHFnoc CO2H A
m xture of racernic 5-chloro-2-am notetraline-2-carboxylic acid (402 ny,
1.78 mmole), triethylamnee(0.38 n, 2.73 moleg), 9-fluorenyl nethyl
succi ni m dyl carbonate (Fnpfg 2Q OSu, 904 ng, 2,68 pol e) in acetonitrile
(20 M) and water (20 ml) st rred—at—£00 @ rature for two days.
TLC-anal ysis of the reactioe¥aft®y tw days i hd &g, t he presence of
starting material amno acid. 9-fluorenyl nethyl sdgccinimdyl carbonate
(0.12 g) and triethylarnine (0.1 m) was added and the m xture was stirred
at roomtenperature for another day. The reaction_ m xture was concentrated
in vacuo to re&ﬁ&@“%‘%{th%&of’ﬁ@”%@ﬁ?r@ﬁi(‘imﬁ 18:3 ol insupthiglgng higside wass wj ¢ h
10% aqueoslewdi dddédtoaohtisn biﬂiﬁﬂﬁxethaxméédaﬁtédfﬂdnﬂE@ybﬁi-ﬁiaﬂﬁmiiﬁ%tled three
times with, et %@%%t'at&e &Ee conpi _ne _orgaglni c layers were washed with
wat er, br FHfEso €) ig gther (30 grilcoolerhinanipefyath. Themixtyrs s taemaV BRI IO r at i on
G T e b i b g s
-> 6- o met hano] | me e oride) to give racemc ebruary
WO 02/ 18454%‘71%49&@@ 950 20% ! %CP@%?("SF%‘-%S)-‘%Wﬁ WP ArEhe- 2- car boxyl i ¢
aci d (540metylph&fd)pitah-Bjona$2.08 HEOwa Ve Es‘)rﬁ»s) 4R gh( Yellpw oft26H22C1NO4 (M
talc. 447.1237; observed: 447.1234. 5 MPLE 11.

CHy CHz
— @il
[ e °
Nz

To a mixture of thodium (II} acetate dimer (24 mg, 0.109 mmole) in methylene chloride
(200 ml) under reflux was slowly added a solution of 1-diazo-4-(2-methylphenyl)butan-2-one
(208g,11.1 mmble) in methylene chloride (50 ml) over 180 minutes. After the addition was
15 complete, the mixture was refluxed for an exira twenty minutes. The mixture was cooled to

. 10 Step 3:

room temperature, triflucroacetic acid (2.40 ml) was added and the mixfure was stirred at room
temperature for an hour. The reaction was quenched with saturated sodium bicarbonate solution.
The layers were sepatated and the methylene chloride layer was washed once more with
saturated sodium bicarbonate solution. The combined aqueous layers were back-extracted with

20 methylene chloride. The combined organic layers were dried over magnesium sulfate, filtered
and concentrated in vacuo to give a crude brown oil. Purification by column chromatography
(15% ethyl acetate/hexanes) gave 5-methyl-P-tetralone (1.48 g, 84% yield) as a light brown oil.
'"HNMR (CDCls) 6 6.90-7.20 (3H, m, phenyl), 3.58 (2H, s, benzylic), 3.03 (2H, t, benzylic),
2.55 (2H, t), 2.34 (3H, s, CH). ‘

25



“Preparation of Fnoc-(D,L)-5-methoxy-2-am notetraline-2-carboxylic acid
(Fmoc- (D, L) 5 MeOAtc-OH) Step 1: NHFnpoc 10 CO2H CO2H A28iBdburagy 2003 acem ¢ 5
nmet hoxy- 2- am not etral i ne-2-carboxylic acid (prepared according to Cbrecht,
D. et. at. Hely. Chain Acta. 1992, 75,1666) (802 ng, 3.62 mmvle),
triethylam @@ g48sP2 M, 4.45 mole), 9-fluorenyhnethyl ?éf hﬁhﬂ% yl
car bonat e (anc Csu, 1. 47 g, 4.36 nxnole) in acetonitri f% and
water (25 'm) was stirred at roomternpferature-for 30 hours. 15 TLC anal ysi s
of the reaction indicated the presence of starting material am no acid. 9-
fluorenylﬁEPH?I succi nim dyl carbonate (370 ng) and triethylanzine (0.6 m)
were added and the mxtue® was stirred at rogyn tenperature for another 24
hours. The reaction m xtudge W concentratediin vacua to renove nost of
“the acetonitrile, acidif i citric acid
solution, and the white éew S i;j;es Wi th ethyl
acetate. The 20 conbi ned organic | ayers were washg th wat er, brine and
dried over magnesiumsulfate. Filtration and concentration gave a crude
oi | which was purified by colum chromatography, (eluted with 14 3 3 5 3
10% net hanol / et hyl ene chl oride) to give racenlc Froc- 5- |

met hoxy- 2- ami Aotixttreaif 5reetRy-Gaetrdsyd (148 g, ritholk), p@tasiﬁﬁzﬁcyamdedyomg, an9

off-white 7 44 erved
444.1814. “’i’g‘h‘lﬁfﬁ'g% @’g%fg (% %%? ?%‘5@%‘7“@%%‘6@%%%%%9 lﬂA’l@lﬁLE 12
Prepar &t i @mleé,fthjlﬁhweﬂﬁ(d[?rtsym5 Ak washeared dma $5C@ilbath foe3 gapsahfioncydling tawsioth
(Fmoc- (D, tehmparatdel, @ Qadd Qmaé:oge@@ntﬂ) iceQNt alld &Hded’c %om temperature for a couple
1, 6- dlhydr xynap t hal e g, .31.3 nmmul e drou ot assi um
car bonat e® @mpﬁ%md&ywmlasmﬁwm (Y-&loe> $p% viskbl a$ Hhrigst hane
(15 m, 1 ﬁﬁld. H NMR (DMSO-ds) 8 10.66 (1H, broad s, NH), 8.22 (1H, broad s, NH), 6.85-7.05 (3H,

m, phenyl), 2.17 (3H, s, CHj). '

10
Step 5:

. CHy
: [»]
COH
- Is) flﬁll

Z ‘
A mixture of hydantoin Z (1.80 g, 7.82 mmole), Ba(OH),. HO (7.40 g, 39.1 mmole) in

water (28 ml) in a sealed, thick walled pressure flask was heated in a 125°C oil bath for 88

15 hours. The reaction mixture was cooled to room temperature, acidified to ~ pH 3 using 4N
sulfuric acid while being stirred vigorously. The suspension was stirred in a boiling water bath
for an hour and cooled to room temperature. The white suspension was filtered and the
precipitates rinsed with water. The combined filtrate and washings were concentrated in vacuo
to ~ 50 ml. Neutralization with concentrated ammonium hydroxide solution gave white

20 precipitate which were filtered, washed with water and air-dried to give racemic 5-methyl-2-
aminotetraline-2-carboxylic acid (1.05 g, 65% yield) as a beige solid. LRMS (Electrospray):
Ci2H;sNOo, calc. 205; observed: 206 (M-+H).



mmol'e) "was stirred in a 35C oil bath for 24 hours. The reaction m xture was
filtered and the 1o solid residue was rinsed thoroughl y8#edbruaey B§05 et her .
The filtrate and the washings were conbined and concentrated in vacuo to
remove nost of the solvents. The brown residue was partitioned between
" water and e the | ayers were separated. The ether washed
W th vvater.k?ﬁ% %g?rbl ned aqueous | ayers were back extrac?k?{kﬁl{ﬂﬁﬂzt her. The
et her extracts were conbined, washed1eth bri-ne and dried over magnesi um
sulfate. Filtration and 15 concentration gave a crude brown solid (6.74 g,
99% vyi el d)StefR&cr ystal | i zati on of the crude product from hot nethanol gave
1, 6-di et hoxynapht hal ene (4,36 g, 64%yvyield, first crop) as a |ight brown
solid. "HNWR (CDA 3) S 8.20 (1H, d, phenyl) 7.06-7.36 (4H, m phenyl),
6.66 (1H, dd, phenyl), 4™0-4.23 (4H, 2 sets dfsq, 2 CH2), 1.45-1.56 (6H,
2 sets oft, 2 CH3). 20 ap- 2. To a refl uxi ng sslutN on of
1, 6-di et hoxynapht hal ene gt 19. 72 TmoT e) )|etreec et hanol (100 ml)
was carefully added snal s of podi um et 3 18 .9, 296 mmol e) over 60
mnutes. The m xture was refluxed for another 90 m nutes. TLC indicated the
presence of 25 unreacted starting material. Extra sodiumgmngetal (1.0 g, 43.5

ol ¢) yas addade Qg S hR8Skh O AUINEENES R BUIESH Pl 2IONGRARD |

minut es. The reactlon was cool edf 0 room t enperature, aaf
02/ 18437 pdsthyimoint ©8301,-6037 muela) Rdthowinylmethat mcclamddﬂ@mdwliatee(ﬁmmu,

concentr atpg Ny gk AeHb zh%&&#ﬁﬂe%ﬁ%}éﬂﬁ%ﬁe}%@?ﬁﬁnM%@é&%%ﬁ?}eﬂt% i raf@EUO O

renove nost the et hano ure"was extracte tines

Wi t h et herfor Z/dggs. c’Bth@mwfghnﬁcacmoam@edmrm@ﬁ starting mn@n@lrmamac% ed
over sodi fnggtﬁy atd which
was di ssollg\%uo?%ﬁk 13&6& ter (%%%gﬁﬁageéﬁdeﬁ%@ﬁﬂé to uenesw ; onic acid
(400 ngy \Kmnméamrqff@ amtk@r@ﬂéowasTher@aqnen EHXthrgwag zgnqermm;qdeg VacEQ i g

p- t ol uenesyhdRhdt BEhE adeddiri Amaeﬁédtago -@v@iﬁ{jld%‘ d%ﬁ‘stdzﬁz@aéé@&lutfo‘ﬁunﬁxed for

another 60 m nutes. After co Ing to roomt era ure, nost of the ethanol
was r emﬁwluwguww&aﬁ@%wﬂm@mﬂ idpy Yhe gombinsd oxgaaie Hyers d

three ti MegerdNvishedtits watth brink A &&H‘%‘v&%ﬁagﬁéﬁﬁa@hﬁf&@%ﬁﬁu&ﬁdﬁ cHRENMREAM T h

wat er, saturated. sodi um chloride solutionr and 10 dri ed over sodi um sul f at e.
Fi | trati oR@%rirredsrribwhich wasprrgisd by solsmpshropriosiphk (slupdwith# Pf 18 %y

15 methanol/methylene chloride) to give racemic Fmoc-5-methyl-2-aminotetraline-2-carboxylic
acid (1.62 g, 74% yield) as an light brown solid. HRMS (FAB): Ca7H,6NO, (M+H) calc.
. 428.1862; observed: 428.1844,

20 EXAMPLE 15
Preparation of Finoc-(D,L)-5-ethyl-2 aminotetraline-2-carboxylic acid {(Fmoc-(D,L} 5-EtAtc-
OH) ‘

Step 1:

: .
Ej/ﬁc% Ej::ko

25 A mixture of 3-(2-ethylphenyl)propanoic acid (prepared in 3 steps from 1-ethyl-2-
iodobenzene, 4.24 g, 23.8 mmole), thionyl chloride (9,50 ml, 130 mmole} and toluene (100 ml)
was refluxed for 2 hours. Concentration in vacuo gave 3-(2-ethytphenyl)propanoyl chloride
which was taken up in methylene chloride and used in the next step as a crude.



col utm chr omat ogr aphy (7% ethyl acetate/hexanes) to give 5-ethoxy-
3-tetralone (2.43 g, 67% vyield) as a |light yellow oil .28 FébNMRy PQIX13) 8
7.15 (1H, t, phenyl), 6.76 (1H, d, phenyl), 6.72 (11-L d, phenyl), 4.05
(21L g, CH2), 3.56 (21L s, benzylic), 3.10 (21L t, enzyllc) 2.53 (21-L
t), 1.44 ( ). 15 Step 3: x A mxture of 5-et al one
(2.23 g, 11. 0%132_‘3 pot assi um cyanide (1.20 g, 18.4 rmgﬁlffm ni um
carbonate (6.75 g, 70 2 mmol e), ethanw1-(80 m.) and water (20 m) in a 20
~sealed, thick walled pressure flask was heated in a 80C oil bath for 3
.days. Aftéﬁ%ﬁbollng to roomtenperature, the slurry was poured into
ice-water and stirred at roomtenperature for a couple of hours.
Filtration followed by air~gdrying gave hydantein X (2.69 g, 88% as a beige
solid. 1H NWR (DVsO d6) 8 104.65 (1H, broad s, 8.22 (1H, broad s, NH)
7.06 (1H, t, phenyl), 6.7 LH, d, phenyl), 3.98
(214, q, CH2),1.32 (3H, t, Fé' it 14 g) Cl14H16N203, calc.
259; observed: 258 (MH. 2 br3ary 2005 WO O / 1§54 PCT/ EPOL/ 09630 -93
Step 4: X A mxture of hydantoin X (2.57 g, 9.87 t¥ole), Ba(OH) 2. H20
(9.40 g, 49.6 mmole) in water (200 m, too dilute) in a sealed, thick

wal(l a;:l pressur é doluink of B §2- Ethﬂ’pl&dylbpﬁlolﬁnd%gﬁlgﬁdd ((cj:hﬁlﬁm3 Smirele) 29ndiRe h r& EX'E ra
Ba( OH) 2. and the s te in
a 125C oi :ﬁ@ ? %W#s &glﬁgg%%t?%ﬂ'g#mm?a'ﬁ% m?@n?rétﬁgﬁoﬁ'ﬁrﬁe &% “cool ed
L 0 roomns trmwé-tnammgamldme)in feihe{ 1000m1) cﬁdﬁlecBmuaucrbg)aﬂN tﬂiglzﬁlm@gﬁ@l?eﬂ wilfdnbd

eing stir usly. stirre oi | ing water
bath for Jﬁgg fﬂqt%& cﬁngﬁnqeg Wﬁgﬁg r“éafsc?ﬁ‘?n&%ﬁ’f’é’a% gnm on was
filtered gudfiedisy qoheei ghirdradtegraphy (Kot Méthy]/at&iteﬂlaihﬁes) W"@V@Bdlaid 4{2-ate and
10 washin nt r vacuo to on with
concentrat%ggy\g'm]‘%ﬂ? 3’?‘%&%32%508? Sens>- M%SJ& Jﬁ?%élye%ich wer e
filtered, pha@ﬂl)eﬂzv\(lll—h bmﬂe;dlmﬂ 2917 (218 foh, QIH; df ethQll) VE20 @EEIICH;).

5-et how -am notetraline-2-carboxylic acid (2.34 g, quantitative yield) as
a

Step 3:

R PO,

Ny
To a mixture of rhodium (II) acetate dimer (38 mg, 0.172 mmole) in methylene chloride
15 (300 ml) under reflux was slowly added a solution of 1-diazo-4-(2-ethylphenyl)butan-2-one
(347 g, 17.2 mmole) in methylene chloride (S0 ml) over 90 minutes. After the addition was
complete, the mixture was refluxed for an extra twenty minutes. The mixture was cooled to
room temperature, trifluoroacetic acid (3.75 mi) was added and the mixture was stirred at room
temperature for an hour. The reaction was quenched with saturated sodium bicarbonate solution.
20 The layers were separaied and the methylene chloride layer was washed once more with
saturated sodium bicarbonate solution. The combined aqueous layers were back-extracied with
methylene chloride. The combined organic layers were dried over magnesium sulfate, filtered
and concentrated in vacuo to give crude S-ethyl-B-tetralone (3.09 g, > quantitative yield) as a
reddish-brown oil. The compound was used in the next step without further purification. *H
25 NMR (CDCk) 6 6.9-7.2 (3H, m, phenyl), 3.58 (2H, s, benzylic), 3.08 (2H, s, benzylic), 2.70
(2H, g, CH, of ethyl), 2.52 (2H, t, benzylic), 1.20 (3H, t, CH; of ethyl).



| i ght beige solid. LRVS (El ectrospray): C13HL7NCG3, cale. 235; observed: 236
(MrH), 234 (M 15 Step 5: NH2 CO02H NHFmoc CO2H A mi xt ur @8diebruacea9es

5- et hoxy-2-am notetral i ne-2-carboxylic acid (2.22 g, 9.44 mole), 20
triethylamne (2.00 m, 14.3 mmole), 9-fluorenyhnethyl succinin dyl
carbonate (Fnoc-OSu, 4.81 g, 14.3 mmole) in acetonitrile (75 nd wat er
(75 m) was™ g??’ll?“é'ﬁ at roomtenperature for two days. %’E‘l‘?’?n)lo%f’g‘?s of the
reaction indicated the presence of stmpting naterial am no acid.

9-fl uorenyl met hyl succini mdyl carbonate (645 ng) and triethylamne (1.0
m) was aStpdi: and the m xture was stirred at roomtenperature for nother
day. The reaction m xturg was 25 concentrated in vacuo to renove nost of
the acetonitrile, acidifigqd to pH -3 with 10%aqueous citric acid
solution, and the white ¢ on extracted t imes with ethyl acetate.
The conbi ned organic | @¢ re washee Wt Nbrine, dried over
magnesi um sul fate. 28 FebrMia 005 WO 02/ 18 1109630 -94
Filtration and concentration gave a crude oil vvhig q/vas purified by colum
chromat ography (eluted with 3 4 5 - 10% net hanol / net hyl ene chloride) to
gi ve racem c Fni oc- S—et hoxy-2- ami notetraline-2Adarboxyl ic acid (4.66 g, >

quantitative yi.eld). i L& tas M5 ¢ cal c.
458. 1967; observed: 8 yggg %&%ﬂﬁ%ﬁgw@éoaﬁ%%h@ IW s
Froc- (D, L mrsole)sammenign cashonats (2, 106 mmleére@mnb  mboand syater (ormiginD, L) 5-
i Pr At Cs OkdaleOhiek @Blled préhire flask was heated in a 80°C oil bath for 48 hours. After cooling to

room temperature, the white slurry was poured into ice-water and stirred at room temperature

for a couple of hours. Filtration followed by air-drying gave hydantoin AA (3.85 g, 92% yield

over 2 steps) as a light beige solid. "H NMR (DMSO-dg) 5 10.67 (1H, broad s, NH), 8.26 (1H,

broad s, NH), 6.8-7.1 (3H, m, phenyl), 1.13 (3H, t, CHs). LRMS (Electrospray): CiaH1sN205,

" 10 cale, 244; observed: 243 (M-H).

L — o
=0

AA

Step 5:

A mixture of hydantoin AA (1.00 g, 4.09 mmole), Ba(OH),. H,0 (4.00 g, 21.1 mmble) in
15 water (20 ml) in a sealed, thick walled pressure flask was heated in a 125°C oil bath for 48
hours. The reaction mixfure was cooled to room temperature, acidified to ~ pH 3 using 4N
sulfuric acid while being stirred vigorously. The suspension was stirred in a boiling water bath
for two hours and cooled to room temperature. The white suspension was filtered and the
precipitates rinsed with water. The combined filtrate and washings were concentrated in vacuo
20 to~50 ml. Neutralization with concentrated ammonium hydroxide solution gave white
precipitate which were filtered, washed with water and drjed in vacuo overnight to give racemic
S-ethyl-2-aminotetraline-2-carboxylic acid (796 g, 89% yield). LRMS (Electrospray):
Ci3Hy7NO,, calc. 219; observed: 220 QM+H).



MI lizz~ Nkt '--'OC4; OCH3 -OCH3 A mixture of 6-methoxy 1-tetralone (5.07
g, 28.8 mole), 10% Pd/C (3.53 g, 3.32 mmole) in dry R8sy 20BD nl) was
heated to reflux under argon for 38 hours. The reaction 15 mi xture was
cooled to roomtenperature, filtered over celite and the residue rinsed
thoroughly _with cynene. The filtrate and the washi ngs onbl ned and
extracted tWQ:'E“ﬁﬁfh I N sodi um hydroxide solution (2 x ’%E 9(’??1e
conbi ned aqueous extracts were acidifiggd with.6N hydrochlori c acid to pH
-3 and extracted three tines with ether. The conbined organic |ayers were
washed wi tStep@&t er, dried over anhydrous sodiumsulfate. Filtration and
concentration gave 20 crude 5-hydroxy-6-nmet hoxynapht hal ene (2.31 g, 46%
yield) as a light brown solid which was used in the next step w thout
further purification. LRVS (El ectrospray): CI%d1002, calc. 174; observed:
173 (MH). Step 2: . OH 25 OCH3 A mixture of 5 hydroxy 6- met hoxynapht hal ene
(2.10 g, 12.1 mmole), cf arbonate  (19. 7. 5 mol e),

i ' R A it 2- br onopr opakegA3B0" M 36.9 28 February
2005 WO 02/ 18437 PCT/ EPOL10963% - 95 mmol e) was sti reogld in a 40C oil bath
overni ght. The reaction m'xture was filtered and the solid residue was
rinsed thoroughly with ethyl ether. The filtrate and the washi ngs were
conbi nesl and Aonixent ofabechid ﬁemﬁwmmaeﬁﬂiﬁe%ecaﬁmsyhcabzdt(m mg) &mﬁmlejme
brown resi ned and .et nd er re
separ at ed.ng#]g?g %’?‘ﬁgﬁﬁfﬂw b@&?é?m‘g?%@ r{E ?ggqﬁé%ﬁs
| ayer s wegeS.Bhodmodedtin awtoantﬂw(maﬁtbwmeﬂh@nﬂzlw:msmedataﬁmstemenumfdnizned,
washed wi b over msu fate. ion_and.

Concent r aChgn TR GaRE SRR B She Rl e B lrbigy o oA g . 2oy
(2.5 - 5%eeidifigd topid A wigh H@%@qn)eoumgm\aeldmmuon and the white emulsion extracted twice
10 with methylene chloride, twice with ethyl acetate. The methylene chloride extracts were washed

with water, brine and dried over magnesium sulfate. The ethyl acetate extracts were washed
with water, brine and dried over magnesium sulfate. Filtration and concentration gave a crude
oil which was purified by column chromatography (eluted with 2 > 5-> 8%
methanol/methylene chloride) to give racemic Fmoc-5-ethyl-2-aminotetraline-2-carboxylic acid
15 (330 mg, 21% yield) as a white solid. HRMS (FAB): CasHasNO; (Vi+H) calc. 442.2018;
observed: 442.2010. ' '

20 EXAMPIE 16
Preparation of Fmoc-(D,L)-5-isopropyl-2-aminotetraline-2-carboxylic acid (Fmoe-(D,L) 5-
iPrAte-OH) |

25 Step 1:

;-——-—h—

A mixture of 3-(2-isopropylphenyl)propanoic acid (prepared in 3 stéps from 1-isopropyl-
2-iodobenzene, 2.01 g, 10.5 mmole), thionyl chloride (4.30 ml, 59.0 mmole) and toluene (40 ml)



i sopr opoxy- 6- met hoxynapht hal ene (2.23 g, 86%yield) as a light brown ail.
1H NMR (CDC13) S 8.17 (111, d, phenyl), 7.05-7.38 (4128 frebrygned0®y,6 6. 72
(111, dd, phenyl), 4.73 (111, m CH of Tr), .10 3.92 (3H, s, OCH3),1.42
(6H, d, 2 CH3 of iPr). Step 3: To arefluxing solution of

1-i sopr opox thoxynaphthalene (2.23 g, 10.3 nmmole) in 5 ol ute

et hanol (SO%rWﬁ2 RS carefull y added smal | pieces of sodi ﬁﬂ’%%"ﬁﬁ%g?3 6 g,
157 mmol e) over 45 mnutes. The m xtugg-was refluxed for a further 120

m nutes. The reaction was cooled to roomtenperature, quenched with water
and aci di Waettﬂuiddﬁomt@oateﬂkaﬁyﬂhmhmga#ﬁ Emisepropﬂp’:emﬁprbpmneylwﬂmde
concentra [ gueous m xture
was extratg‘ti.&gL %%gy??%quéﬁﬂﬁé%{aﬁ%a&iﬂﬁé%&ﬁ I ne orggﬁllg | ayers were
washed with vvat er and 20 dried over sodiumsulfate. Filtration and
concentration gave a reddish oil which was dissolved in 1:1 ethanol/water
(90 M), then p-toluenesul fonic acid (200 ng) was added. The m xture was
refluxed Bep260 m nutes. After cooling to roomtenperature, nost of the
et hanol was renobved under reduced pressure. The aqueous m xture was
extracted twce with ethe~apd the conbined arganic |layers were washed
with water, saturated sodium chloride solutionfnd dried over 25 sodium
sulfate. Filtration and ca ation gave a resddish oil which was purified
by col umm chr onmat ogr aphy g/ hgxanes) to give

5-i sopropoxy-o-tetral one (17377, © 65% vyield) afcobtorless oil. "HNW
(CbA 3)s S 7.16 (111, t, phenyl), 6.78 (111, d, phemyl), 6.71 (111, d,
phenyl), 4.53 (1H m CH of iPr), 3.56 (2H, s, benzylic), 3.08 (2H, t,
benzylic), 2.58 soitiBdnlef 3o ghﬁgd 7 ary
2005 WD 02/.18437 PCT/ époéfll%%a%glpﬁl%% ‘g’mﬁ’l oRbrpli 10,5 momoll)if el

5- i sopr opBilgde-assfosily prded to wsplygionf ‘?@ZQWﬁ??aB? (gep%@ta%waﬁr%m ilgeettd 80 ny,
10. 1 mol giiro-1AFBSIgUAR;diAd) RPARGSE R)RboRd ik ick SR | Bk mibRANRkheh Whnidd and

wat er

(9 n1 20 room temperature and stirred overnight. The mixture was concentrated in vacuo and

16 purified by column chromatography (20% ethyl acetate/hexanes) o give 1-diazo-4-(2-
isopropylphenyDbutan-2-one (1.87 g, 82% over 2 steps) as a bright yellow oil. THNMR
(CDCls) § 7.10-7.30 (4H, m, phenyl), 5.21 (1H, broad s, diazo), 3.15 (1H, m, CH of iPr), 3.00
(2H, t, benzylic}, 2.57 (2H, m), 1.24 (6H, 4, 2 CH; of iPr).

S

To a mixture of thodium (II) acetate dimer (20 mg, 0.091 mmole) in methylene chloride
(160 ml) under reflux was slowly added a solution of 1-diazo-4-(2-bromophenyl)butan-2-one
(1.87 g, 8.65 mmole) in methylene chloride (25 rol) over 60 minutes. After the addition was
20 complete, the mixture was refluxed for an extra fifteen minutes. ‘The mixture was cooled to
room temperature, trifluoroacetic acid (1.90 m!) was added and the mixture was stirred af room

15 Step 3:

temperature for 45 minutes. The reaction was quenched with saturated sodium bicarbonate
solution. The layers were separated and the methylentja chloride layer was washed once more
with saturated sodium bicarbonate solution. The combined aqueous layers were back-extracted

25 with methylene chloride. The combined organic layers were dried over magnesium sulfate,
filtered and concentrated in vacuo to give a crude brown oil. Purification by column



in a sealed, thick walled pressure flask was heated in a 80C oil bath for
42 hours. After cooling to roomtenperature, the sl ur2§ Rebsuanid®@d into
ice-water and stirred at roomtenperature for a couple of hours.
Filtration followed by air-drying gave hydantoin Y (1.64 g, 89% . 10 Step
S5t NH2 c@®2H Y A m xture of hydantoin Y (1.64 g, 5.98 R’H?‘: OH) 2. H20
(5.66 g, 29"9%MPe) in water (25 M) in a sealed, thick? ?Oéﬂ%é essur e
flask was heated in a 100C oil bath fg-70 hours. The reaction n xture was
cooled to roomtenperature, neutralized to - pH 7 using 4N 15 sulfuric

aci d whi | ehbaiatgraphy (3% ethyliag@stoticlayies) Eztve sswsﬁmma (K57 £,196% yi¢ld)as
boiling water bath for,_one hour and cool ed roomtenperature. Basified

with IN sddighteHow s FeNMB) GDClH 0 49a-7- gczt(%Hv%R 0}y 358 k&SnbRERI), 3 ¥er ed
and the pregifid@bePyy, 5936, Wb%ﬁhyﬁ?t,ﬁ.kz(zﬁ% PQWEB}P@O&&HLMMG and washi ngs
were concentrated in vacuo to -- m . Neutralrzation with concentrated
hydrochl oric acid solution gave white precipitate which were filtered,
washed v tggepipt er and 20 air-dried to give racenc

5-1 sopropoxy-2-am notetral i ne-2-carboxylic acid (3.48 g, wet and

containing inorganic salt, > quantitative yield). LRVS“(El.ectrospray):
Cl4K19NG3, talc. 249; observed: 248 (MH). ebruary 2005 WD 02/ 18437
PCTI EPO1/ 09630 -97 Step 6:} NHFroo CO 2H CO2H 4 mxture of racemc

5-1 sopropoxy-2-aninotetr g f
theoretical), triethylam
succinimidyl. 5 carbonate (Fnbc-OSu, 2. 62 g, 7. 5
(30 M) and water (30 nil) was stirred at roomt np}}:rature for one day.
TLC analysis of the reaction indicated the pr esggce of starting nmaterial
am no acid. 9-fluorenyl nethyl succinimdyl carbonate (500 ng) was added and
the A mixture of 5-isopropyl-fi-tetralone (1.57 g, 8.34 mmole), potassium cyanide (0.82 g,

12.6 mmole), ammonium carbonate (4.81 g, 50.1 mmole), ethanol (40 ml) and water (10 ml)ina
10 sealed, thick walled pressure flask was heated in a 80°C oil bath for 48 hours. After cooling to
room temperature, the brown slurry was poured into ice-water and stirred at room temperature

for a couple of hours. Filtration followed by air-drying gave crude hydantoin BB as a beige

solid which was used in the next step without further purification. *H NMR (DMSO-ds) 8 10.69

(1H, broad s, NH), 8.30 (1H, broad s, NH), 6.85-7.32 (3H, m, phenyl), 1.15 {(6H, t, CH3). LRMS
i5 (EIectrqspray): CisH3sNL 0y, calc. 258; observed: 539 (2M-+Na).

Step 5:

R —_— NH,
Yo
o~ N oo
BB
20
A mixture of hydantoin BB (crude, 8.34 mmole theoretical), Ba(OH),. H20 (7.90 g, 41.7

mmole) in water (40 mi) in a sealed, th1ck walled pressure flask was heatedin a 125°C oil bath

for 38 hours. The reaction mixture was cooled to room temperature, acidified to ~ pH 3 using

4N sulfuric acid while being stirred vigorously. The suspension was stirred in a boiling water
25  bath for two hours and cooled to room temperature. The white suspension was filtered and the

precipitates rinsed with water. The combined filtrate and washings were concentrated in vacuo *



m xture was stirred at roon1tenperature for another day. The reaction

m xture was concentrated in vacua to renove nost of tR8 Febatagn2®Qs | e,
acidified to pH -3 with 10% aqueous citric acid 10 solution, and the white
enul sion extracted three tines with nethyl ene chloride. The conbi ned
organic laygrs _were washed with water, brine, dried over | sul fat e.
Filtration @f?dumff‘%cent rati on gave a crude oi | which was gﬁgﬁﬁﬁ%ﬁgmby col um
chromat ography (eluted with 1- 2 ->_506-8% net hanol / met hyl ene chloride) to
gi ve racem ¢ Fnoc-5 isoprropoxy-2- am notetraline-2-carboxylic acid (0.50
-0, 18% yi &l -o50ovk Nedtraizetic) widsconcatiniated ag@lonihm hyBFixElekbintibd\Bjve wBAOHNCS  ( M+H)

of Frroc- ( P SRS RS Tnerth y Bbetyio st i AR e Bein i oo, 20

MeAL c- OH) 5-&Dplppﬂ-2-ﬁﬂﬂomlﬁemoﬁyhu actd (183 @f 63 peldoyehy steps} aswrimigecolidi d

(3.0 g, 1?%§13??5§ | Qpl ( G516 rnnol e) and net hyl ene
S or Dre PRISTEREepraQf & 6honf, B, 98 Shnditedla02 (0 [ 110 hyl f or mani de
(0.14 M, 1.81 nmole) was added dropw se. The mixture was stirred at room
'tenperatugﬁggyernlght Concentration in vacuo gave

3-(2-meth henyl ) propanoyl chlori de which was taken up.i\n nethyl ene
chloride and used in th ext step as a crudeny?

C 3 mgﬂ? slowy added to a

chloride (crude, 18.3 }@@ .
yl-3-nitro-1 5

sol ution of di azonet hareAge
nitrosoguanidine) in ether (&8:m) cooled i n an i ceofpat h. The m xture was

then var ed U bfkuul 8PHLLSTBSLOLLE? SAfhoblff oSSk A asBlfy, Hof U e e

concentrated i'n vacuo an
mmole), triethylamine (1.2 ml 8.61 mmole) 9-fluorenylmethyl succinimidyl catbonate (Fmoc-

10 OSu, 2.70 g, 8.00 mmole) in acetonitrile (30 mi) and water (30 ml) was stirred at rooma
temperature for 2 days. The reaction mixture was concentrated in vacuo to remove most of the
acetoniirile, acidified to pH ~3 with 10% aqueous citric acid solution, and the white emulsion
was extracted with ethyl acetate, The organic layer was washed with water, brine and dried over
sodium sulfate. Filtration and concentration gave a crude oil which was purified by column

15 chromatography (eluted with 2 > 5-> 8% methanol/methylene chloride) to give racemic Fmoc-
S-isopropyl-2-aminotetraline-2-carboxylic acid (208 mg, 43% yield) as an off—white foam.
HRMS (FAB): CasH3oNO4 (M+H) cale. 456.2175; observed: 456.2184.

20 EXAMPLE 17
Preparation of Fmoc-4-amino-1-phenylpiperidine-4-carboxylic acid (Fmoc-Appc-OH)

(O + O — OO

To a solution of iodobenzene (6.37 g, 3.5 mL, 3:1.2 mmole), 1,4-dioxa-8-azaspiro [4.5]
25 decane (10.32 g, 9.3 mL, 72.2 mmole, 2.3 equiv) and sodium tert-butoxide (8.0 g, 83.3 mmole,
2.7 equiv) in dry dioxane (120 mL) were added tris(dibenzylideneacetone)dipaltadium(0) (91
mg, 0.1 mmol} and tri-o-tolylphosphine (180 mg, 0.591 mmol). The reaction was heated at 90
°C for 26 hrs. The resulting reaction mixture was concentrated to remove solvent. The residue



col um chromat ography (10 - 20% et hyl acet ate/ hexanes) to %i ve

1- di azo- 4- (2- net hyl phenyl ) but an-2-one (2.08 g, 60% ov@B F2baiagpdi05s a
bright yellow oil. 1o Step 3: N2 To a mxture of rhodium ([1) acetate
dimer (24 ng, 0.109 nmole) in methylene chloride (200 m ) under reflex was
slowy added a solution of 1-diazo-4-(2-methyl phenyl)butan-2- (2.08 g,
11. 1 mol e)wpﬁmflﬂ?%yl ene chloride (50 m) over 180 m nut &/EP,&%%?Othe
addition was 15 conplete, the m xtuwmywas refluxed for an extra twenty

m nutes. The m xture was cooled to roomtenperature, trifluoroacetic acid
(2.40 nl) wasseatslideth water apt extractet! with Bi@Ac. SEhiercomblinad orgagicexttagtypereat ure for an
hour. Thea&ﬂ%ﬁ&LQﬂd&@%ﬁﬂgﬁﬂg %wﬁ£ﬂh%6iH&%&SﬁFiﬁﬂﬁ@§%$%£ﬁ£QﬂB&t ol ution
The | ayers were separated and the mat;hyf‘ene chl"oride Tayer was washed once
nore w t hrudapradgetans pediiodantlashdhisesnategraphy) @WEW%%WW?NO&&%%S |

: ayers Wege paacholuxd CaGE 8 tlightty Pelldh saFlfRI(tB)Ob g,}[@l%?h‘h-mmke(cﬁﬁlﬁ, mfttbﬂt'ﬂ{ﬂd)d organi c
ayers wer aqver nesi um sy iltere oncentrated in
vacuo to 199 v gJAaSﬁP’L‘?&g &, E@%ﬁ%ﬁ (% ‘5*?'1]5’31312 f?ti’ ‘g%)c - St ggp’% (@?ﬁ“(???éfyé grapty

(15% et hy(MatB}Giled/ fteRaf gD, pdve Snet hyl - (-tetralone (1.48 g, 84%yield) as
alight brown oil. zH NWMR (CDA3) S 6.90-7.20 (311, in, \phenyl), 3.58 (2H,
s, benzyl 5&% .3.03 (211, t, benzylic), 2.55 (2H, t), 2.34 (3H, s, CH3). 25
28 February 3005 WO 02/ 18437 PCT/ EP01/ 09630 -99 Step 4: z A mxture of
5-nmet hyl -13-tetralone (1.48 g, 9.24 nmmol e), potassium cyanide (902 ny, 13.9

mol e), anmoni um car bo ( ~55.5 mMmojen\ € ol (45 m) and water
(9 M) in a 5 sealed, @m]rmted in a 80C oil
bath for 3 days. After Ccooling toYoom tenperature, the slurry was poured
into ice-water and stirred aggoomtenperature fpp a couple of hours.

Filtration followed by air-drying gave crude hydantoin Z (1.81 g, 85%

yield) a5 @ DoFgei At el IO S b Qb oot Baacklhe 8- 22

(1H, broad s, \
. 10 hydrochloric acid (50 mL) and the reaction was heated at reflux overnight. The resulting

reaction mixture was concentrated to remove solvent. The residue was taken up in EtOAc and
neutralized with aqueous 6N NaCH solution. The layers were separated and the aqueous layer
was extracted with EtOAc. The combined organic exiracts were washed with brine, dried over
Na,80, and concentrated. The crude product was purified on flash chromatography

15 (hexane/EtOAc, 80/20~>60/40) to give the product DD as a yellow oil (2.58 g, 97%). M5
(electrospray) m/e 176 (M+H), Calcd for C1HisNO, 175.

Step 3:
H
o
OO — OO
‘ o
DD EE

20 To a solution of the ketone DD (2.53 g, 14.46 mmol) in ethanol (75 mL) and water (25

‘ mL) in a glass pressure bottle, were added ammonium carbonate (12.9 g, 134.3 mmole, 9 equiv.)
and potassium cyanide (2.11 g, 32.5 mmo_l", 2 equiv.). The mixture was heated at 80-90 °C for 18
brs. The cooled reaction mixture was concentrated in yacuo and the residue was treated with
water, extracted with EtOAc (4x). The combined organic extracts were washed with water, dried

25 over anhydrous Na;SO,4 and concentrated to give the spectroscopically pure hydantoin EE asa
white solid (3.36 g, 95% _yield). MS (electrospray)} m/e 246 (M+H), Caled for CysH sN3O,, 245,




in, phenyl), 2.17 (3H, s, CH3). 10 Step 5: CHs CHs 002H NH2 z A nixture of
hydantoin Z (1.80 g, 7.82 mmole), Ba(OH)2. H2O (7.40 g28%gbmamaes) in
water (28 m) in a sealed, thick walled pressure flask was heated in a 125C
oil bath for 88 15 hours. The reaction m xture was cooled to room

tenperature, acidified to -- pH 3 using 4N sulfuric aci % e| ng
stirred vi gB’IO é‘?. The suspension was stirred in a boiI?ﬂ lﬁg bath for

an hour and cool ed to room tenperat wi@8-The white suspension was filtered
and the precipitates rinsed with water. The conbined filtrate and washi ngs
were concétepated in vacuo to - 50 nl. Neutralization with concentrated
amoni um hydroxi de sol ution gave white 20 precipitate which were filtered,
washed with water and air-dried to give racem c 5-nethyl -

am notetraline-2-carboxylic acid (1.05 g, 65%yield) as a bei ge solid. LRVS
(El ectrospray): Cl2H15NQ2, cal 205; observed: 206 (M-H). 28 February

2005 WD 02/ 18437 - 10g—ot ep QoZH PCT/ /10 Hf\ m xture of
racem c 5-met hyl -2-a efyr al 05 g, 5.12 mml e),
triethylamne (0.93 6.6 : 9f|uor cli ni m dyl

carbonate (Frmoc-CSu, 2.24 g, @64 mmole) in acetonltrlle (30 m) and water
(30 M) was stirred at roomtenperature for 2 days. TLC analysis of the
reaction indicated the pres&lce of starting material anino acid.

9-fl uorenyl met hyl succini mdyl carbonate (520 ng) was added and the mxture

was stirred at 'I‘H&yﬂﬁﬁélh‘ﬁﬁrw 86 i wids SushEided BOIuSSus MLTIDWNS 100TRE) draeitbdit
m xture W??o ‘%Otgg f 3 days %gogx Qon\alp gtli"o% (gy HPLC) of the hydrolysis, the reaction mixture was
neutralized with conc. HCl to slightly acidic (pH ~6). The resulting slurry was fittered, washed
with water and dried to give 4-amino-1-phenylpiperidine-4-carboxylic acid (APPC) as a white
solid (5.26 g, >100 % yield, wet and contaminated with inorganié salt}, which showed a single
peak on HPLC and used directly for the next step. MS (electrospray) m/e 221 (M+H), Calcd for
10 CyaHieNxOz, 220.

Step 5:

@_ NHFmoc
Koy — O C><
CO,H CO,H

The crude 4-amino-1-phenylpiperidine-4-carboxylic acid (APPC) from the last step was

15 suspended in dioxane (80 mL) and aqueous 10% Na;COj; (40 ml), treated with Fmoc-Cl (5.3 g,
20.57 mmole, 1.5 equiv) and was stirred vigorously overnight. The reaction mixture was then
concentrated to remove dioxane, neutralized with 6N HCl to slightly acidic (pH 6) and extracted
with EtOAc. The combined organic exiracts were washed with brine and dried over Na;SOy.
Removal of the solvent gave the crude product which was purified on flash chromatography

20 (hexane/EtOAc to CH;Cl,/MeOH) to give pure Fmoc-APPC (4.91 g, 81% overall yield for two
steps). "H NMR(DMSO-ds), 7.88 (d, 2H), 7.74 (d, 2H), 7.19-7.42 (m, 8H), 4.20-4.31 (m, 3H);
HRMS m/z 465.1788, Caled for CoyH,sN,04Na, 465.1791



renove nost of the acetonitrile, acidified to pH -3 with 10% aqueous citric
acid solution, and the white enul sion was extracted t®8de@bianh20@k hyl ene
chl oride. The conbi ned organic | ayers were washed with water, brine and
dried over magnesiumsulfate. Filtration and concentration gave a crude
oil. which was purified by colum chromatography (eluted with 2 3 53 8% z5
nmet hanol / ne 2aH&7 chil ori de) to give racemc PCT/ER01/09630
- Fnoc-5-nmet hyl -2-am notetral i ne-2-carbmwylic acid (1.62 g, 74%yield) as an
i ght brown solid. HRVS (FAB): C27H26NO4 (M+H) calc. 428.1862; observed:
428. 1844, EXAMPIBNB| E 15 Preparation of Fnoc-(D, L)-5-ethyl-2
am notetraline-2-carboxylic acid (Fnoc-(D, L) 5-EtAtc- OH) Step 1: 25 A
m xture OfPré’p'afa%bﬁbi“F&%&ﬂqmg&hﬁlﬁiﬂeﬂaﬁ%%ﬂm ichcill @Rsbcfal om
1-ethyl -2- iodobenzene, 4.24 g, 23.8 mmol €), tbionyl chloride (9,50 m, 130
nmol e) andieAppaOd (100 mM') was refluxed for 2 hours. Concentration in
vacuo gave 3-(2-ethyl phenyl) propanoyl chloride which was taken up in
met hyl ene Sedpllori de and used in the next step as a crude. 28 February 2005
WD 02/ 18437 PCTTEPOL109630 - 101 Step 2: N2 ti A solution of

A t hyl ene

3-(2-et hyl phenyl) pr él’ chl or iﬁ (crude, 23.8 pmple) o 1@
“chloride was slo a t Lqn_af _glazg ng)atedfrom
15.6 g of 1-net hwfh{\z% t?'o-l - osoguani di ne) \i+# et A m ) cool ed

in an ice bath. The m xture was then warned up to roomtenperature and
stirreds overni ght. The mi xture was concentrated in vaEfa and purified by
col um chromat ography (10 3 20% et hyl acet at e/ hexanes) to give :

i -' di azo- 4- ( 2- Teh bthivestylipdutblasne22 90 97 3nd]),J,4- didf4-SuREpirb [£58Ghe (2.81 NWVR

(03] Spk b7 1 T B i 8 ol (2

dry dioxane (40 mL) were added tris(dibenzylideneacetone)dipalladium (0) (44.4 mg, 0.0485

‘ mmol) and tri-o-tolylphosphine (59.0 mg, 0.194 mmol). The reaction was heated at 90 °C for 26

10 hrs. The resulting reaction mixture was concentrated to remove solvent. The residue was treated
with water and extracted with EtOAc. The combined organic extracts were combined, washed
with brine, dried over Na,;SO, and concentrated to give brown oil. This crude product was
purified on flash chromatography (hexane/EtOAc, 95/5 to 75/25) to provide the pure product FF
as a slightly yellow solid (1.937 g, 85%). "H NMR (CDCL), 7.06 {4, 2H), 6.87 (d, 2H), 3.99 (s,

15 4H), 3.26 (t, 4H), 2.26 (s, 3H) and 1.85 (t, 4H).

OO — DO

To.a solution of the ketal FF (1.58 g, 6.79 mmol) in acetone (50 mL) was added 6N

20  hydrochloric acid (25 mL) and the reaction was heated at reflux overnight. The resulting reaction

' mixtare was concentrated to remove solvent. The residue was taken up in EtOAc and
neutralized with aqueous 6N NaOH solution. The layers were separated and the aqueous layer
was extracted with EtOAc. The combined organic extracts were washed with brine, dried over
Na,50, and concentrated. The crude product was purified on flash chromatography

25 (hexane/EtOAc, 90/10->70/30) to give the product GG as a yellow oil (1.27 g, 98%). MS
(electrospray) m/e 190 (M+H), Calcd for C;;H3sNO, 189.



To a mixture of rhodium (Il) acetate diner (38 ng, 0.172 mmole) in
‘nmethyl ene chloride is (300 mM) under reflux was sl ow p8dathacna2@dd uti on of
1-di azo- 4- (2- et hyl phenyl ) but an-2-one (3.47 g, 17.2 mmole) in methylene
chloride (50 m) over 90 mnutes. After the addition was conplete, the

m xture was refluxed for an extra twenty mnutes. The mXxture was cooled to
room t enper RPIHE43T 1 i f 1 uoroacetic acid (3.75 ) was addBETERYRL ni xture
was stirred at room tenperature for-@p-hour. The reaction was quenched

wi th saturated sodi um bi carbonate solution. 20 The | ayers were separated
and the m8tepyt ene chloride |ayer was washed once nore with saturated

sodi um bi carbonat e sol uti on. The conbi ned aqueous | ayers were
back-extracted with rret hyI ene chloride. The comnbined og,lga 60 | ayers were

dried over nmagnesium at Iter ed and ent vacuo to give
crude 5-ethyl-p-tetT 09 Ni eI a
r eddi sh- brown oil. The rrpo vvas used | nt next- t hout further

purification. 1H 25 NI\/R( 13) 56.9-7.2 (31-L i@ﬂ phélhyl) 3.58 (2H, s,
benzylic), 3.08 (2H, s, lic), 2.70 (2H, q, 2 of ethyl), 2.52 (2H,
t, benzylic), 1.20 (3H, t, CH3 of ethyl). 28 February 20Q5 WO 02/ 18437
PCT/ EP0110963(Tc d @hrtismayh theketdAe G& (1i17(gLA. 8 rofmol-ie kihyhol (G mb} andivatee (203. 09 ¢,

17.7 | ,

o'y TOATRBERE i Soontl O St I LG 0,

thi ck wal PRdpqigsgumysFrnids GOt gwés'ﬁm!a@lew pqyive) é@v@nemurmasrheﬁeéawg "GouRs.
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Fi l trati oeiehErmged afté? &% 'ﬁ%j egeefﬁ%%f efq:ﬁcs&meemgedgmgg Tydriedy
over 2 stem cﬁtlsi'@iﬂo,;bﬁd‘lgﬁc&ﬁiatdﬂto it thVED a4l pedehyBantéih HH Aya0ad S

LRIVB (8EI220 r os’g pcrl y@@%%&ﬁs %ﬂi -ﬁ%’vhﬁeﬁo @E?@%@ﬂd g“)ﬁm%ﬁ% t2S%t ep 5

A mxture of hydantoin AA (1.00 g, 4.09 mmole), Ba(OH)2. H20 (4.00 g, 21.1
ol e)lqn 15 water (20 m) in a sealed, thick walled pressure flask was
heated in a 125C oil bath for 48

Step 4:
N
NH COH
0
HH

The hydantoin HH (1.502 g) was suspended in aqueous NaOH (6N, 40 mL) and heated
at 130 °C for 4 days. Upon completion (by HPLC) of the hydrolysis, the reaction mixture was
15  neutralized with conc. HCl to slightly acidic (pH ~6). The resulting sturry was filtered, washed
with water and dried to give 4-amino-1-(4-methylphenyl)piperidine-4-carboxylic acid (4~
MeAPPC) as a white solid (2.10 g, >100 % yield, wet and contaminated with inorganic salt),
which showed a single peak on HPLC and used directly in the next step. MS (electrospray) m/e
235 (M+H), Caled for CisHisN,02, 234,

20 Step5:

/\—_->< ' C><NHFmoc
C 00211 O COH

The crude 4-amino-1-(4-methylphenyl)piperidine-4-carboxylic acid (4-MeAPPC) from
the last step was suspended in dioxane (80 ml.) and aqueous 10% Na;CO; (40 ml), treated with



hours. The reaction mixture was cooled to roomtenperature, acidified to pH
3 using 4N sulfuric acid while being stirred vigorouslaB Febwargde@ensi on

was -stirred in a boiling water bath for two. hours and cooled to room
tenperature. The white suspension was filtered and the precipitates rinsed -
with water. The conbined filtrate and washi ngs were concentrated in vacuo

20 to - 50 WPt ralization with concentrated amoni unf hYEFPORTE sol ution
gave white precipitate which were fi#le_red, washed with water and dried in
vacuo overnight to give racemc 5-ethyl-2-amnotetraline-2-carboxylic acid

220 (VeH) o2 Fobriaiy 2005 D Do) 1B o G e e oRB e (o PSET Ve
- ebr.uar - 8 e

PCT/ EP011 vﬁﬁﬁ%&x’&‘if?ﬁ?x\g TOROTL P ERapp BEUIK e@w% %ﬁﬁ%‘g‘gﬁg{?ﬂi’ﬁ% ral i ne

- 2- car box YPH 6) sadiegtréTa8Ewitlg Ft(B\c4 Therrmphiged organicctrydtemern waghed Qithvbyinezand 7

mol e), 9ghliRter t L N0 IRsh 5.31

nunol 23) ig;l aceton%(z'ts ??'Ilg %%P%J%[r?ﬁ&\%Fg?é%gg%gﬁm%s s% ?%rciljﬁegt% nrﬂ %(1)1m

t enper at ufEomaiogmaphytheganeffitOAc ik @MeDRD tr givase BoacdMeARPEd2165:88%uo t o

r_etrmye wo_sﬁermxfli&m_ﬁ,raﬁ@&t@l&b.fﬂm_(nmod iz (HQPPW.??(MHB‘,_?%@Y%@HH?Q%S

citric aci n e e gn extracgted 't w

met hyl ene(tg’rﬁi@r éjé%?‘f{z "éggz\@t#y;%'ﬁqs’ %éﬁét(a?m?ﬁ@a %#mﬁé)ﬁ%ﬁl\%é’é

extracts waHaNy@sks6l with water, brine and dried over nagnesium sul fate.

The ethyl acetate extracts were washed w th water, brine and dried over

magnesi um sul fate. Filtration and concentration gave a crude oil which was
purified by colum chromatography (elated with 2 - 54 8%

met hanol / ﬁt hél ene chloride) to give racem c Fnoc-5- et hyl

2-am ntte carboxylic acid 15 (330 ng, 21%yield) as a white solid.
HRVS ( FABPiepidGitsfNEhoé-Mall)in6-al(8-chlddpheiBiperi@ias- Al cafifbxyltthdid{Brhbe-420 EXAMPLE
16 . ClAppc-OH) S

Step 1:

O3 s —= OO

15 To a solution of 1-chloro-4-iodobenzene (2.38 g, 10.0 mmole), 1,4-dioxa-8-azaspiro [4.5]
decane (3.1 mL, 3.44 g, 24.0 mmole, 2.4 equiv) and sodium tert-butoxide (2.68 g, 28.0 mmole,
2.8 equiv) in dry dioxane (40 mL) were added tris(dibenzylideneacetone)dipalladium(0) (45.5
mg, 0.0497 mmol) and tri-o-tolyl-phosphine (61 mg, 0.20 mmol). The reaction was heated at 90
%C for 9 hrs. The resulting reaction mixture was concentrated to remove solvent. The residue

20 was treated with water and extracted with EtOAc. The combined organic extracts were
combined, washed with brine, dried over Na2S04 and concentrated to give a brown oil. This
crude product was purified on flash chromatography (hexane/EtOAc, 95/5 to 75/25) to provide
the pure product II as a slightly yellow solid (2.17 g, 86%). "H NMR(CDCls), 7.18 (dt, 2H), 6.85
(dt, 2H), 3.98 (s, 4H), 3.28 (t, 4H) and 1.82 (¢, 4H).

25 Step2:

OO — DO



‘Preparation of Frnoc-(DL)-5 iusopropyl-2-anmndtetraline-2-carboxylic acid"
"(Froc- (D, L) 5- iPrAtc-OH) 25 Step 1.: A mxture of 28 February 2005
3-(2-isopropyl phenyl ) propanoic acid (prepared in 3 steps from 1-isopropyl -
2-i odobenzene, 2.01 g, 10.5 muole), thionyl chloride (4.30 m, 59.0 mvol e)
and tol uene_(40 M% 28 February 2005 WO 02/18437 PCTI EP01/ 09630 -104 was
refluxed folVC2*Ydts. concentration in vacuo gave PCT/EP01/09630

- 3-(2-isopropyl phenyl ) propanoyl chl orige_ which was taken up in nethylene
chloride and used in the next step as a crude. Step 2: 5 A solution of

3;] I( 2-1i 3 opr opyl ?@ﬁmﬁﬁ&raﬂﬁ{l@tﬂ IIQilliIQ:g!, gl &fﬁfoé&@ﬁzacéﬁ?ﬁ(ﬂw.tzhak m@tatsigy:c ene

chl ori de oW v. eqd.to,a solution o | azomet hane (generate rom
608 o of idtndiyrtidBG R b4 B FerboogubiedioBRoF RerRg. TRSGE cool od i n
an i ce bardactichheixiira vay @noasratetl @nremaveselientu The eesidoowas teltepap & PO cand
stirred oygldiddtithl: ] n i 0] | fied by
"col um ch}rﬂgimat og&vg&ﬁ?ﬁf%m%%z%% aﬁ%@‘%‘ﬁ%& fé%?}é%%%%%a%gﬂ%eé’?gi—%%r( 2-

i sopr opy| pResRmated with E0OAm dhe sorgtines! orgmic extragts wers waghsy with brind; diigchevey el | ow

oil. "H %S@M&a&&%@cﬁ@eéﬁ&ﬁct%sﬁi}ﬁﬁﬂbﬁﬂas'ﬁ-cgﬂdzﬂéfb%fyh?ad s, diazo),
3.15 (1.H_ m CH of |Pr%, 3.00 (2H, t, benzylic), 2.57 (ZH, %1.24(6&
d, 2 CH3 HrexsmefBiOAeH55-2H/ ) iggive thepradygt Thasegellor solid (- 24he(36%0). MSet at e

di zzi er ( 2dectspry) 942 10 RAAY), CAlcdBRE BYHSOENGHoor i de (160 m ) under refl ux
was sl ow y added .a sol ution of 1-diazo-4-(2-bronophenyl)butan-2-one (1.87

g,,8.65 nlg) in nmethylene chloride (25 n) over 60 nminutes. After the
addi ti on Wag> 20 conplete, the mxture was refluxed for an extra fifteen
m nutes. The m xture was cooled to roomtenperature, trifluoroacetic acid

(1.90 m) was added an: ihe I xture was stirred_at room Htmeé@erature for 45
m nutes. The reacthpn; ue ed wigh t Y s oo\ | car bonat e
solution. The Iayedr:s sg%éd and th NHde | ayer was
washed once nore : d
Y10 JJ KK

To a solution of the ketone JJ (1.465 g, 6.986 mmole} in ethanol (75 ml) and water (25

mL) in a glass pressure bottle, were added ammonium carbonate (5.36 g, 55.88 mmole, 8 equiv.)
and potassium cyanide (1.135 g, 17.46 mmol, 2.5 equiv.). The mixture was heated at 80-90 °C
for 18 hrs. The cooled reaction mixture was concentrated in vacuo and the residue was treated

15  with water, extracted with EtOAc (4x). The combined organic extracts were washed with water,
dried over anhydrous Na,SO, and concentrated to give the spectroscopically pure hydantoin KK
as a white solid (1.817 g, 93% yield). MS (electrospray) m/e 280 (M-+H), Caled for
Ci3H;4CIN5O,, 279.

Step 4:

H\fo NH,
DX T —= e~
' | CO,H
- 4
KK

20

The hydantoin KK (1.768 g) was suspended in aqueous NaOH (6N, 50 mL) and heated at
130 °C for 4 days. Upon the completion (by HPLC) of the hydrolysis, the reaction mixture was
neutralized with conc. HCl to slightly acidic (pH ~6). The resulting slurry was filtered, washed
with water and dried to give 4-amino-1-(4-chlorophenyl)piperidine-4-carboxylic acid (4~
25 ClAPPC) as a white solid (2.05 g, >100 %_yield, wet and contaminated with inorganic salt},



‘Wi th saturated sodium bi carbonate sol ution. The conbined aqueous | ayers
were back extracted 25 with nethylene chloride. The coBiFebtiaoy B@0E c | ayers
were dried over magnesium sulfate, filtered-and concentrated in vacuo to
give a crude brown oil. Purification by colum 28 Febr uary 2005 WO 02/ 18437
PCT/ EPO1/ chromato raphy (5% et hyl acetatel hexanes) gave

5-i sopropyl W alone (1.57.g, 96%yield) as a |ightPyEFRRGE 1. 1H NWR
(CDC13) 8 6. 93 7.22 (3H, in, phenyl),;8.59 (2H, s, benzylic), 3.24 (11lL
in, CHof iPr), 3.12 (2H, t, benzylic 1) 2.52 (214, t), 1.27 (6H, d, 2 CH3

of iPr). wﬁmﬁkﬁﬁvaﬂasﬁ@e mwc%nafusétd;&ew P Wenbd-steB! MY (AB&rofphap in@: 8. 34
~mol e), f&im%%/dafn 5&@& %‘% mol e), anmmoni um car bonate (4.81 g,
50.1 mol ‘I} a f"h“ﬁi‘ & 2Rt er (10 m) in a 10 sealed, thick
wal | ed pressure flask was heated in a 80C oil bath for 48 hours. After
cooling to roomtenperature, the brown slurry was poured into ice-water
and stirred at roomtenperature for a couple of hours. Filtration foll owed
by air-drgips: gave crude hydantoin BB as a beige solid which was used in

the next step without further purlflcatlon iHNVR (DVBO-d6) 8 10.69 (1H,
broad s NH), 8.30 (1H, broad 6. 85-7.32 (3H, m. enyl), 1.15 (611,

t, LRVS 150! @ % @H2O 5H| 5N20 E'F'Oﬁd: 539
(ZI\/HrNa) Step 5:7BB é@ f "hydant & n c 4 mol e
t heoretacal), Ba(OH 2. H2O (7.902 41.7 ol € in wat el m) in a

seal ed, thick walled pressure flask was heated in a 125C oil bath for 38
hours. The reaction m xture was cooled to roof i tenperature, acidified to

__ pH 3 usi ng Thewruslgraming L4dFhiomphenypipsridinest-parhalic agid (oUNEPC) frov the
suspensi orast\@@ewa%ﬁs@aﬁemaoﬁaetm@m%ﬁ@aqu%éusbm%mz %ﬁ%@d@aﬂﬂ cool ed

to roomtenperature. white suspensi on was tere and 't

preci pi t at@ec-tf by 7\}375@!4119!5{1@3' W“Wh@%%%ﬁﬁlﬁé@v’fgpm@ﬂ&?@f%}ﬂ@ \%%Wia‘ﬁg’@ wer e
concen ior afnBurk Rra¥ ek Sondtfaliaité A6 ve SiBRanY iR 4 37ih BNTHERS 1 HAF 2dic 106

(pH 6) and extracted with EtOAc. Theé combined organic extracts were washed with brine and
dried over Na;SOy4. Removal of the solvent gave the crude product which was purified on flash
chromatography (hexane/EtOAc to CHoCl,/MeOH) to give pure Fmoc4-CIAPPC (1.18 g, 81%
overall yield for two steps). "HNMR (DMSO-dg): 7.87 (d, 2H), 7.71 (d, 2H), 7.39 (td, 2H), 7.30

15 (id, 2H), 7.20 (d, 2H), 6.92 (d, 2H), 3.44 (d, 2F), 2.93 (¢, 2H); MS (electrospray) m/e 477
(M+H), Caled for Co7HosN204, 476.

EXAMPLE 20

Preparation of Fmoc-4-amino-1-(4-phenoxyphenyl)piperidine-4-carboxylic acid (Pmoc-4-
20 PhOAppc-OH)

Step 1:
)
HN X :I + PhO—@—l — PhO—Q—N X j
O O

To a solution of 1-iodo-4-phenoxybenzene (3.15 g, 10.6 mmol), 1,4-dioxa-8-azaspiro

[4.5] decane (3.3 mL, 3.66 g, 25.6 mmole, 2.4 equiv) and sodium tert-butoxide (2.85 g, 29.7
25 mmol, 2.8 equiv) in dry dioxane (40 mL) were added tris (dibenzylideneacetone) dipalladium
(0) (48.5 mg, 0.053 mmol) and tri-o-tolyl- phosphine (64 mg, 0.4 mmol). The reaction was -
heated at 90 °C for 9 hrs. The resulting reaction mixture was concentrated to remove solvent.



~to - 50 m. Neutralization with concentrated amoni um hydroxi de sol ution
gave white precipitate which were filtered, washed w 28 Rehtery 2005 dried in
vacuo overnight to give racemc 5 isopropyl-2-am notetraline 2-carboxylic
acid (1.23 g, 63%yi el d over 2 steps) as a beige solid. LRVS

(El ectrospra C14H19NO2, calc. 233; observed: 232 (M H}JC 5 Step 6: NH2 N

NHFroc 0021 W47 i xt ure of raceniic T/EP01/09630
5-isopropyl -2-anmi notetraline-2-carboxylic acid (250 ng, 1.07 mole),
triethylamne (1.2 m, 8.61 nmole), fI uor enyl met hyl succi ni ni dyl

ca{ bon?g S%Efeaﬁueib&t tedated uﬂthtMteﬁl amBerQct@&‘WitEEtO!]gb %@E&ﬁﬁﬁé& dr o%ﬁusétté and
wat er S iryed gt roomte re. for ) reaction
mxture wae rgc(?%é‘?f?’r‘g‘iséﬁﬂ?”ﬁ’ Wﬁeéaﬁm aﬁ'ﬁﬁmﬁ'}m{ og:gg@ ile,

aci di fi ed Thiz cpidepSoduict was pofiialncdhastscheomitograploi (Hemad/Bi0AN95/Sundo20etanhi t e
enul si on a hed
Wt et op Ot L BRGuTY B ELight B85 B8 (. MO 4V MU 265
concent¥ afmodlly 203 (talld), 69e-657 (myFie 0N EssAEE) B 26 (et h .86 6) 4Hin 15

chromat ography (eluted with 2 -) 54 8% methanol /et hyl ene chloride) to give

racem c Fsep2: 5-i sopropyl -2-am notetraline-2-carboxylic qcid (208 ng, 43%
~yield) as an off-white foam HRVS (FAB): C29H3ONO4 (M+H) cal c. 456. 2175;

observed: 456 2 4 2 I\/PLE 17 Preparation .of
Froo- 4am pe |p ﬂne 4-ca aci/d c-Appc-OH) Step 1. cc
To a sol utlon 6. 37 @@B

nmol e), 1, 4- dloxa 8 azasplro [4 51 25 decane (10.32 g, 9.3 nL, 72.2 mol e,
2.3 equiv) and sodilmtert-butoxide (8.0 g, pfig. 3 nmmole, 2.7 equiv) in dry
di oxane (120 rnL) were added tri s(di benzyl i deneacet one) di pal | adi un{0) (91

. 0.1 o) ARl BSES 05, 10T S0y S e o lE g o2 1
concent r ahgdtoehdonicanid (45 3:d) amirthe reirmn vasheited 22 S:fFebrensight. 2HOGsulting
10  reaction mixture was concentrated to remove solvent, The residue was diluted with FtOAc and
neutralized with aqueous 6N NaOH. The layers were separated and the aqueous layer was
extracted with EtOAc. The combined organic extracts were washed with brine, dried over
NazS0, and concentrated to give the crude product which was purified on flash chromatography
(hexane/EtOAc, 90/10 to 70/30) to give the product MM as a yellow oil (2.21 g, 93%). MS
15 (electrospray) m/e 268 (M+H), Calcd for Ci7HyCINQ,, 267.

Step 3:

o) Do — 9@—03,

MM

To a solution of the ketone MM (2.01 g, 7.52 mmol) in ethanol {80 mL) and water (25
mL) in 3 glass pressure bottle, were added ammonium carbonate {5.78 g, 60.0 mmol, 8 equiv.)
20  and potassium cyanide (1.22 g 18.80 mmol, 2.5 equiv.). The mixture was heated at 80-90 °C for
18 hrs. The cooled reaction mixture was concentrated in vacuo and the residue was treated with
water, extracted with BtOAc (4x). The combined organic extracts were wﬁshed with water, dried
over anhydrous Na,80, and concentrated to give the spectroscopically pure hydantoin NN as a
white solid (2.34 g, 95% yield). MS (electrospray) m/e 338 (M+H), Calcd for CyoHy9N303, 337,

25



- WO 02/ 18437 PCT/ EPO1l 09630 -107- was treated with water and extracted with
- Et QAc. The conbi ned organic extracts were conbined, washebruary 200 i ne,
dried over Na2SO4 and concentrated to give a-brown oil. This crude product
was purified on flash chronatography (hexane/Et OAc, 9515 to 75125) to
provide the pure product CC as a slightly yell ow sol id (6.08 9°/c) 1H
NVR (CDCI 3) WOA2A883( ddt , 2H), 5 6.95 (dd, 2H), 6.84 (t, #ﬁ %fg%(“’%
3.32 (t, 4H) and 1.84 (t, 4H); M5 (el ggtrospray) me 220 (MtH), Cal cd for
C13H17NO2, 219. Step 2: CC DD To a solution of the ketal CC (3.22 g, 15.16
nrnol) inggetone (100 m) was added 6N 1o hydrochloric acid (50 ni) and
the reaction was heated at reflux overnight. The resulting reaction m xture
"was concentrated to renove soIv t The residue was taken up in Et OAc and

neutralized with aquegus 6N ution. The | aye RS apprat ed and
t he aqueous | ayephov @ ct h—Et-Qﬁs. PRO N ed gani c extracts
ro

were washed with bring dr| H Na2SO4 and cowswhtr .COJie crude
product was purified on flash mat ogr aphy 15 (hexane/ Et OAc, 80120- 60/ 40)
to give the product DD as yeIIow oil (2.58 g, 97% . M5 (el ectrospray)
me 176 (MtH), Calcd for H13NO 175. Step 3: DD EE 20,To a sol ution of
the ketone DD (2.53 g, 14.46 nmmol) in ethanol (75 nl) and water (25 nL) in
a gl ass pressuilbe bydentoin NINd?.28 addéanmolpords snwipeaded dnzaueovs NOF1 (PN, 63al3

mmole, 9 ea‘ﬂH'hé'atéd at@@@"(ié%l- gg@kc U@%&Y&Bﬁpﬁ’e%oﬁ 2oyPEG) of hehyiTBhsis, tRe RAMIOK- ) - The

m xture was, heat ed at The cool ed’'redctiqQn m xture was

concent § atetrawesneyBalradmitheonc 3CH dighi 2qidie RE o6 XMTfhﬁres\HH%’% WTEWEY act ed
wi th Et OAGiltedbd) washétEwigOwiterad dﬁécg@rgﬁv% 4exkiheqt(@ éﬂlﬁﬁ Pstpemidide-aat er
el

SL'egf' B 2 et et e A 'er%‘(e%ntd%%n gmingteA Wit )

MB (el ect riosgardysaliyévhthehgvddidsinglepleakobnf IHPLCABHised\iDR 1y fod the next step. MS
(electrospray) m/e 313 (M+H), Caled for CysHzoN,03, 312.

10 Step 5:

NH, NHFmoc
PhO—@—N — PhO—@— X
CO,H CO;H

The crude 4-amino-1-(4-phenoxyphenyl)piperidine-4-carboxylic acid (4-PhOAPPC)
from the last step was suspended in dioxane (50 L) and aqueous 10 % Na;COj3 (50 ml) and
stirred vigorously overnight. The reaction mixture was concentrated to remove dioxane,

15 neutralized with 6N HCl to slightly acidic (pH 6) and extracted with FtOAc. The combined
organic extracts were washed with brine and dried over Na,SO4. Removal of the solvent gave the
crude product which was purified on flash chromatography (hexane/EtOAc to CH,Cly/MeOH)
to give pure Fmoc-4-PhOAPPC (2.18 g, 60% overall yield for two steps). 'H NMR (DMSO-dg):
7.87 (d, 2H), 7.72 (d, 2H), 7.38 (t, 2H), 7.30 (td, 4H), 7.02 (dt, 1F), 6.86-6.96 (m, 6H), 3.35 (m,

20 2H), 2.94 (t, 2H); MS (electrospray) m/e 535 (M-+H), Caled for CzaHzN;Os, 534.




28 February 2005 WO 02/ 18437 PCTI EPO1/ 09630 -108 Step 4: EE HNH O 1 \, The
hydantoin EE (3.36 g) was suspended in aqueous NaOH (6@,8 Fﬁ!?ﬂ-'ar'ﬁ’_)?o%d heat ed
at ‘5 130 C for 2-3 days. Upon conpletion (by HPLC) of the hydrolysis, the
reaction m xture was neutralized with conc. HCl to slightly acidic (pH
---6). The Lhg slurry was filtered, washed wth ried to
give 4-am n@g}é 4gﬂyl pi peri di ne-4-carboxylic acid (APPC\)A@{:A@E%OQ@%??e .solid
(5.26 g, >100 %yield, wet and contamimated wi.th inorganic salt), which
showed a single peak on HPLC and used directly for the next step. M5

(el ectrosaﬁé&;ﬂ!‘&uﬂ (MtH), Calcd for 10 C 2H, N2Q2, 220. Step 5: The
crude 4-am no-1- phenyl pi peri di ne-4-carboxylic acid (APPC) fromthe | ast
step was Pﬂ@aﬁﬁ%ﬁ%ﬂ@ﬁﬁcJMhmq%&ﬁﬁpﬁbhh)Iﬁi%é%eﬁﬁ&%ﬁﬁé&%w (40 ),

treated W %&Fnﬁ] c (5.3 g, 20.57 nmmol e equiv) and was stirred

Vi gorousW Bf" i’{)ht. The reaction m xture was then concentrated to renove
di oxane, neutralized with 6N HO to slightly acidic (pH 6) and extracted

wi th Et OAStepThe conbi ned organic extracts were washed with brine and dried
over Na2SO4. Renoval of the solvent gave the crude product which was
purified on flash chromat ography 20 f hexanel Ei OAc {0 CH2G€I-21MeOH) to give

pure Fnoc- APPC (4.91 8H over g yield for twoyd st ) ¢,/ H NMR( DVSO- d6)
7.88 (d, 2H), 7.74 ﬂ@;‘hﬂ_ b —Sh). f§ 3111}, 3H); HRMV5
mz 465.1788, Calcd f 26N208MA, 465. 1791 , 18 Preparation
of Fnoc-4-am no- | - (4-net hyl phenyl ) pi peri di ne-4-carboxylic acid (Fnoc 4-
MeAppc-;0H) 00

To a solution of 2-iodotoluene (4.36 g, 2.5 mL, 26.0 mmol), 1,4-dioxa-§-
azaspiro[4.5]decane (6.88 g, 6.2 mL, 48.1 mmol, 2.4 equiv) and sodium tert-butoxide (5.3 g, 55.2
mmol, 2.8 equiv) in dry dioxane (80 mL) were added tris(dibenzylideneacetone)dipalladinm(0)
(91 mg, 0.1 mmol) and tri-o-tolylphosphine (122 mg, 0.4 mmol). The reaction was heated at 90

10 °Cfor 26 hrs. The resulting reaction mixture was concentrated to remove solvent. The residue
was treated with water and extracted with EtOAc. The combined organic extracts were
combined, washed with brine, dried over Na,S0O4 and concentrated to give brown oil. This crude
product was purified on flash chromatography (hexane/EtOAc, 95/5 to 75/25) to provide the
pure product OO as a slightly yellow solid (2.66 g, 57%). 'H NMR (CDCls), 7.12-7.18 (m, 2H),

15 6.94-7.06 (m, 2H), 4.01 (s, 4H), 2.98 (t, 4H) and 1.88 (t, 4H).

AR —= 5o

To a solution of the ketal 0O (2;66 g, 11.4 mmol) in acetone (70 mL) was added 6N
hydrochloric acid (35 mL) and the reaction was heated at 85 °C overnight. The resulting
20 reaction was concentrated to remove solvent. The residue was diluted with EtQAc and

Step 2:

neutralized with aqueous NaOH (6N). The layers were separated and the aqueous layer was
extracted with EtOAc. The combined organic extracts,were washed with brine, dried over
Na3S80, and concentrated. The crude produd was purified on flash chromatography
(hexane/EtOAc, 90/10 to 70/30) to give the product PP as a yellow oil (2.04 g, 95%). MS$

25 {electrospray) m/e 190 (M+H), Calcd for CoHisNO, 189



Step 1: 5 FF To a solution of 4-iodotol uene (2.12 g, 9.

~ mol ), 1, 4- di oxa- 8- azaspi ro[ 4. 5] decane (2.8 ni, 3.12 928@'38‘23%3@@5 2.2
equiv) and sodiumtert-butoxide (2.6 g, 27.08 mvol, 2.8 equiv) in dry

di oxane (40 nlL) were added tris((hbenzyli deneacet one) di pal l adium (0) (44.4
ng, 0.0485 nd tri-o-tolyl phospbine (59.0 ng, 0.1 The
reacti on wa )é% f:ll at 90 C for 26 10 hrs. The resulti nggé"ggﬂﬂ(%‘;ﬁomxture
was concentrated to renove solvent. The._residue was treated wth water and
extracted with Et OAc. The conbi ned organi c extracts were conbi ned, washed
wi-th brinétepdti ed over Na2SO4 and concentrated to give brown oil.. This
crude product was purified on flash chromatography (hexane/EtOAc, 9515 to
ghtly yellow solid (1.937 g,
15 4H), 3.26 (t,

75125) to provide the pur product FF as a sl|

85% . :H NMR (CDO 3), 2H), 6.87 (d s{{

4H), 2,26 (s, 3H) and C}__% A= Ye's lution of the
ketal FF (1.58 g, 6.7 acet one (5 o 8 ddNH 6N 20

hydrochl oric add (25 nL) and the reacti on was heat ed gt reflux overnight.
The resulting reaction Xppre was concentrate tﬁ remove solvent. The
resi due was taken up in Et QAc and neutralized wth agueaus 6N NaCH

sol ution. The ers wer d and .t he gquequs er. S extra
W th EtOhc. 58%’5 Bb [f sfadad myndlinvdienel Bl m) st worg: CORLYG
over Na2 smglm ;ireesﬁ:mmmte" ﬁéxe ddde'ﬂhﬁmﬁdﬂi‘dﬁ cﬁb@ﬁhﬂ@@.@%%wﬁmidl,cﬁdeqmn.) khdish
chr omat gra 5 (hexane/ 110— L ve he gfbtc as a
yel | ow %I P SY Cyaglja & tﬂ%‘gg%g"w igﬁs?ﬁaﬁw' caff)’fﬁr:7
C12H1$NO, 189 Th@ @d‘r‘@bcmramymmw “mclﬁzﬁ 1Bi4B7tBAF0ERD b0 96:36d vigarGusBtfep3(B: GG
min. The resulting precipitate was suction filtered, washed thoroughly with water and dried to
yield the hydantoin QQ as a white solid (2.01 g, 95% vield). MS (electrospray) m/e 260 (M+H),
Caled for C14H17N302, 259

G- — GO

QQ RR

10 Step4:

oG

To a suspension of the hydantoin QQ (1.07 g, 4.13 mmol) in dry THF (25 mL) were
added di-tert-butyl dicarbonate (2.25 g, 10.32 mmol, 2.5 equiv), triethylamine (0.63 mL, 460 rng,
4.54 mmol, 1.1 equiv) and DMAP (36 mg, 0.29 mmol) in succession. About 15 minutes after the
15 addition, the reaction turned into a clear yellow solution and was stitred overnight at room
temperature. The reaction mixture was concentrated under reduced pressure to yield a solid that
was then taken up in FtOAc (300 mL), washed with 1IN HC] (3x30 mL), satarated aqueous
NazCO5(2x30 mL) and brine (2x30 mL), dried over anhydrous Na,SO; and concentrated under
reduced prhessure. The crude light yellow product was purified through flash chromatography
20 (hexane/EtOAc, 90/10->80/20) to give the pure bis-Boc hydantoin RR as a white solid (1.71 g,
90%). MS (electrospray) m/e 460 (M+); Calcd for CpHssN0p, 459



To a solution of the ketone GG (1.17 g, 6.18 mml) in ethanol (60 niL) and
water (20 xnL) in a glass pressure bottle, were added28hebiian2efr bonat e
(4.74 g, 49.44 mmole, 8 equiv.) 5 and potassiumcyanide (1.01 g, 15.54
mml, 2.5 equiv.). The m xture was heated at 90 C for 22 hrs. The cool ed
reaction m [ s concentrated in vacuo and the resid ated with
wat er, extr b’tbélis“&?th Et CAc (4x). The conbi ned organic egfy)‘g@ﬁ@g{%ire washed
with water, dried over anhydrous Na2§@ and concentrated to give the
spectroscopically pure hydantoin HR as a white solid (1.554 g, 97% yvyield).
M5 (el ect seppray) W 260 (MOH), Calcd for C14HL17N302i 259. 10 Step 4: NU
CQ@2H The hydantoin HH (1.502 g) was suspended i n aqueous NaOH (6N, 40 nliL)
and heated at 130 C for 4 dzﬁ/‘;t= Upon conpl etion (by HPLC) of the
hydrol ysis, the re yon m xttre mas 15 neutralf zed vvitlp E.onc. HC to
slightly acidic (p . B0l ting slyrrf Nas f113\NBEMGashed with
water and dried to e Nl- (4-nmethylp | JRID (98‘;/@(3 4- car boxylic
acid (4- McAPPC) as a white s#lidB9®. 10 g, >100 %yiel d’ -3kt and
contam nated with inorganic salt), which showed a single peak on HPLC and
used directly in the nexBRstep. M5 (el ectrospray) W 235 (MH), Calcd for
C23H1sN202, 234. 20 Step 5: The crude
4- ani no- | - (rhe BRIBAY hph&MIH imgp.ﬁg, 9179 Bl SRds RNl Gn ﬁmﬁ(zéﬁlng?&) ddf om the
| ast step was syi,spe_nd d.in I%%HI&&BO g%/g and‘aque%;g 10% Na2CO3_ (40 nil),
treated wi#iosg Tedys ilitonsgrss AQA 33 mby,P3 npesl) ppbthe sy waselited (2. 2
g, 8.5% nmowdsight.abrodéiexhpentte, WitngS thiFly eldlar\thigmid FHIYC dveedidgifletiohBEtheeact i on
m xt ure was t kﬁeq.hcpen entra ve,di neutraliz

o

ol 1aht 1y Bare Tof SASEN RS vieken G PhiE e PR i AR MR -
extracts emractedurithOwWithdnt pnefiaticn, tigriesdtingagueohbia GDéontRiningiedmiod-1 (e
P, P BB et A ) e g0 O o0
. pH to 11-12. This solution (30 mL) was then diluted with 1,4-dioxane (30 mL) and treated with
10 Fmoc-Cl (1.28 g, 4.96 mmol, 1.3 equiv) and stirred overnight at room temperature. The reaction
mixture was concentrated under reduced pressure to remove dioxane, neutralized with 1IN HCI
and extracted with EtOAc. The combined organic extracts were washed with brine, dried over
anhydrous Na,;50, and concentrated. The crude product was purified through flash
chromatography (hexane/EtOAc—>CH,Cl,/MeOH) to give the pure product Fmoc-2-MeAPPC
15 asawhite solid {1.09 g, 64 % yield from the bis-Boc hydantoin RR). TH NMR (DMSO-dg): 7.87
(d, 2H), 7.74 (d, 2H), 7.40 (1d, 2H), 7.31 (td, 2H), 7.12 (m, 2H), 6.97 (d, 1H), 6.92 (td, 1H),
2.72-2.88 (m, 4H) and 2.22 (s, 3H); MS (electrospray) m/e 457 (M+H), Calcd for CzgHsN,Oy,
456,

20 EXAMPLE 22

Preparation of Fmoc-4-amino-1-(2-isopropylphenyl)piperidine-4-carboxylic acid (Fmoc-2-

iPrAppc-OH)
O o
o] o)
- | ss

Step 1:



overall yield for two steps). 1H NVR (DMBO-ds): _ 7.88 (d, 2H), 7.72 (d,
2H), 7.39 (t, 2H), 7.30 (td, 2H), 6.99 (d, 2H), 6.82 @&Febryaryzoqfs (s,
3H); MS (el ectrospray) W 457~-MtH), Calcd for C28H28N204, 456. 1o EXAMPLE
19 Preparation of Fnoo-4am no-|-(4-chl orophenyl) pi peridi ne-4-carboxylic
acid (Fnoc-4- Appc-OH) Step 1: C N30 Il 15 To a sol ution of
1-chl oro-4- w@o”%ﬂ%“ﬁgene (2.38 g, 10.0 mmle), 1,4-di oxa-8P§y§]§“6°?ﬁ8°[4 5]
decane (3.1 nl, 3.44 g, 24.0 nrnole, ¢4 equiv) and sodiumtert-butoxide
(2.68 g, 28.0 mole, 2.8 equiv) in dry dioxane (40 nL) were added

:I’I s( d|t b?anzyl i delaeaﬁﬁéxﬂdsﬁ}ﬁd@alﬁo%dbpmﬁ@ienéélﬁo% 4mmn%lﬂéﬂ7&mﬂﬂh t) anfl .90 c
ri-o-to e.rea eat.e

for o h s 2R SRR (120 Bk o2 2T ind 06 AT e n BTV ERE 0 Bl

sol vent . 'ﬂlﬂé-Zmmloﬂ,@ecﬂsﬂr)mérﬂdandGGWmL}wma@edand extracted with Et OAc.

The conbi Qtdf% ﬂaeﬁea%g;b AL brg@@iﬁgﬂfﬁa?ﬁ@a&%mm Oﬂél%%:hﬂ%éﬁﬁd over

Na2SM4 an concentrat crude
purified onsPBRzmId ?%%Wbﬁéﬂ,@&h@ ‘Eifopds hrg Sfls: respltimgyrpsstion wixgreyi de

the pure RF9ddtbntlaiedds ran&elsQidt Yre @l WaRna Rl hfll dridaddd With 86%Ac. ThE

NVR( CDC13 4 d

1, 8(2 (t, ) g“’fg %ﬁ%’ﬁe’?@cﬂm&ﬁm?é‘gqg@m@w@m wf%eé?%é‘lfg%gﬁe%‘/ EPOI1_9 09630

-112 To a cemdentrawdhtaﬁvetahﬂoﬂnebzalTh]sl‘(rﬁde];ﬁ&i@twﬁp&ﬁﬁéﬁmi f3shichroameaigtuphy (75 i)
dded p d,th act.i d at

Fefl ux ovdPrBRE A i i b E el B At BoR R B o

r enove 18 0l36%ield)TIMS me 262 (M1 Catcd KarC gHh:N@;, EﬁOAc and neutralized with

aqueous 6N NaCH solution. The |l ayers were separated and the aqueous |ayer 5
was extra(skz,@ wi th Et OAc. The conbi ned organic extracts were washed with

brine, dried over
o)

To a solution of the ketal SS (3.24 g, 12.4 mmol) in acetone (90 mL) was added 6N
hydrochloric acid (45 mL) and the reaction was heated at reflux overnight. The resulting
15 reaction mixture was concentrated to remove solvent and the residue was diluted with EtQAc,

neutralized with aqueous NaOH (6N). The layers were separated and the aqueous layer was
extracted with EtOAc. The combined organic extracts were washed with brine, dried over
Na;S04 and concentrated. The crude product was purified on flash chromatography
(hexane/EtOAc, 90/10->70/30) to give the product T'T as a yellow oil (2.42 g, 89%). ' NMR

20 (CDCl): 7.27 {m, 1H), 7.04-7.19 (m, 3H), 3.58 (m, 1H), 3.20 (t, 4H), 2.60 (t, 4H) and 1.25 (d,
6H); MS m/z 218 (M+H), Calcd for C1;H16NO, 217

S0~ c@cx;f

To a solution of the ketone TT (2.30 g, 10.6 mmol) in ethanol (90 mL) and water (20 mL)

25 in a glass pressure bottle, were added ammonium carbonate (8.1 g, 84.3 mmol, 8 equiv) and

Step 3:



Na2SO4 and concentrated. The crude product was purified on flash
chromat ography (hexariel Et OAc, 95/5- 70/30) to give t 28 heboduc20QR) as a
yellow solid (1.515 g, $6% . M5 (electrospray) W 210 (MtH), Calcd for
C11H12C1NO, 209. Step 3: 10 JJ KK To a solution of the ketone JJ (1.465 g,
6. 986 Mol e anol (75 nmL) and water (25 nl) in a sure
bottl e, mergmg Hggpannnniun1carbonate (5.36 g, 55.88 nnnpéﬁigmgﬁﬁfv ) and
pot assi um cyanide (1.135 g, 17.46 mmjyp-2.5 equiv.). The m xture was heated
at 80-90 C for 18 hrs. The cool ed reaction m xture was concentrated in
vacuo and ptlassiunesjacide (ME2sg, 26.58 atnsal, 21%eqaiv). Theahieture wastheaed aBOvIOL0 tEnOAC (4X) .
The conbi t N hydr ous
Na2SO! an e e S aediibh bl ot G bl o Bl aha sos bl e R 30 0
a white s&ipdberespling greapga}@ yfmequa!}on ﬁb@re@ewa@hqdrtggmualgly with WZ’@ON@M*H’} o Cal cd
for  Cl3H}RIahBRRantdibTU B LRhife sokD (X8 16185 ﬁ&Q? 18 D2 148 (ﬁ/ﬂi-l-i)(séal for\as
suspendedg%gkﬁg gs NaOH (6N, 50 nL) and eated at 130 Cfor 4 days. Upon
t he co bﬁ%iﬁPLC3 of the hydrolysis, the reaction m xture was
neutralized with conc. HCl to slightly acidic (pH -6). The resulting slurry
was filtebegd: washed with water and dried to give ;
4-am no-| - (4-chl or ophenyl ) pi peri di ne- 4-carboxylic acid (4 25 CIAPPC) as a
white solid (2.05 g, X100 %yield, wet and con{ anmi nated with inorganic

salt), 28 February 200 02/ 8437 - 113 PCTHEROL/ Ofp30 which showed a
si ngl e peak on HPLCr.agd u Iy for t fext eh%fys (el ectrospray)
W 253 (MH), Cal 12 NZQZL_854 2 !

. N.,

Boc

uu Vv

To a suspension of the hydantoin UU (2.74 g, 9.54 mmol) in dry THF {100 mL) were
added di-tert-butyl dicarbonate (5.2 g, 24.24 mmol, 2.5 equiv), triethylamine (1.5 ml, 1.07 g,

10 10.5 mmol, 1.1 equiv) and DMAP (46 mg, 0.29 mmol) in succession. About 15 minutes after the
addition, the reaction turned into a clear yellow solution and was stirred overnight at room
temperature. The reaction mixture was concentrated under reduced pressure to yield a solid that
was then taken up in EtOAc (300 mL), washed with brine (3x30 mL), dried over anhydrous
Na;SO; and concentrated under reduced pressure. The crude light yellow product was purified

15 through flash chromatography (hexane/EtOAc, 90/10->80/20) to give the pure bis-Boc
hydantoin VV as a white solid (4.39 g, 94% yield). MS m/z 488 (M+H), Calcd for CogHz7N:Os,

487,
Boc
NHFmoc
— O~ X
CO.H

Boc

Step 5:

vV

20 The bis-Boc hydantoin VV (2.34g, 4.8 mmol) was dissolved in DME (30 mL) to give a dlear
solution. To this solution was added IN NaOH (45 mf., 45 mmol) and the reaction was stirred
overnight at room temperature, giving a fairly clear mixture. HPLC showed completion of the
reaction. The reaction mixture was concentrated under reduced pressure to remaove DME and
extracted with Bt;0. Without purification, the resulting aqueous layer containing 4-amino-1-(2-



5 The crude 4-am no- | - (4-chl or opphenyl )p| perl di ne- 4- car box I|c aci d
(4-CIAPPC) fromthe last step was suspended in di oxan@a( E@O%nd
aqueous 10% Na2CO3 (50 m), treated with Fnoc-C (2.0 g, 7.75 nvnole, 1.2
equi v) and was sti rred vigorously overnight. The reaction 10 m xture was
t hen concenwéfdrz Lo renmove dioxane, neutralized with 6NHA Ia,slightly
acidic (pH extracted with Et OAc. The conbi ned organi c extracts wer e
washed with brine and dried over Na2g@4. Renoval of the solvent gave the
crude product which was purified on flash chronmatography (hexane/ EtQAc to
CH2d 2/ Me Gkprapyliphenyd) pinsridinfdoarboxylit AP (2-PIAPER ") gvas &dfed wiile6d HCl v &lwt f or t wo

steps). 1hHuNWR: &HIV%SP Qsolullo§2~45 J%J% ed dlgétéfiim(ng'ﬁh Eﬂﬁ%{aﬁ.ﬁz’@% &&?ﬁa /- 30
5 (td, 2 X
I(eI (ect r OSED*F‘Q’SBm 9111’@81 b:?;%‘f stiwredmearnigh ?‘GWCEEXNWB%‘;()
Pr epar at i Geactién iﬁm&e%aaaﬂaaﬁate%na&e S3re YDl BRI &bﬂ&e%&%ﬂﬂ@d%&mc acid

Fnoc- 4- PhO, 0 PhO LL To a sol ut
(1 i odo- 2- M@’%@ﬂéﬁ?@%@@ﬁ@% Tiegogd pyganiq exfrags siere was aﬂggﬁa beipe, [ 4. 51
decane (3.diedbter achydboug NaZ¥),Gndoomobrerated. Th@ﬂuﬂe/])rodﬂitdwsqﬁiﬂﬂ&ﬂ tigotightflasioxi de

(2.85 g, ui 9xa e tris
(di benzyl |2¢ e%ﬁ%‘i&;ﬁ?{é e"a?%%tﬁ%ﬁ%@%“gid%ﬂ@ Q’f)e n@%ﬁ%‘l‘) -ziﬂ%%‘f)c as
tri-o-t ol ywhiekdsl{hidfe, Qﬂdw@ﬁcﬁu&ebmﬂoyhydﬁhmm)emmm zzdiﬁeé:h]edifoat 90 C
for 9 his. I eaction m xture was concentrated to renove

sol vent . %&Eggzrtﬁgr ygozgg%dV\D 02/ 18437 PCTI EP01109630 -114 The resi due was
treated with water and extracted with Et QAc. The conbi ned organi c.extracts
were cohbi ned, washed with brine, dried over Na2SO4 and concentrated to
give a brown oil. This crude product was purified on flash chronatography
(hexane/ Et OAc, 95/5 to 80/20) to provide the pure product LL as a slightly
yell ow solid (2.805, 85%. 'H NWR (CDCl3), 7.26-7.-32 .

EXAMPIE 23

Preparation of Fmoc-4-amino-1-(3-methylphenyl)piperidine-4-carboxylic acid (Fmoc-3-
MeAppc-OH)

15 Stepl:

HND(Z] + @—I — @—ND(S:I

To a solution of 3-iodotoluene (4.36 g, 2.6 mL, 20.0 mmol), 1,4-dioxa-8-azaspiro [4.5]

decane (6.88 g, 6.2 mL, 48.1 mmol, 2.4 equiv) and sodium teri-butoxide (5.3 g, 55.2 mmol, 2.8
equiv) in dry dioxane (80 mL) were added tris (dibenzylidencacetone) dipalladium (0) (91 mg,

20 0.1 mmol) and tri-o-tolylphosphine (122 mg, 0.4 mmol). The reaction was heated at 90 °C for 26
hrs. The resulting reaction mixture was concentrated to remove solvent. The residue was treated
with waterand extracted with EtOAc. The combined organic extracts were combined, washed
with brine, dried over NaySO; and concentrated to give a brown oil. This crude product was
purified on flash chromatography (hexane/EtOAc, 95/5 to 75/25) to provide the pure product

25  WW asa slighdly yellow solid (3.21 g, 69%).



5 (m 2H), 7.03 (t ‘1H), 6.92-6.97 (in, 6H), 4.00 (s, 4H) 6
1.86 (t, 4H), Step 2: LL MM To a solution of the ketal 2|§Fe(b2ua75?,f§5 8 86
mol ) in acetone (90 nL) was added 6N hydrochloric acid (45 nL) and the
reacti on was heated at reflex overnight. The resulting ,. to reaction
m xt ure was rated to renove sol vent. The residue ' d wth
Et CAc and ﬁ@h?ﬁﬁp}zed w th aqueous 6N NaOH The | ayers &gﬁgﬂgé ated and
t he aqueous |ayer was extracted w thjht.OAc. The combi ned organic extracts
were washed with brine, dried over Na2SO4 and concentrated to give the
crude pro@tepf: whi ch was purified on flash chromat ography (hexane/ Et OAc,
90110 to 70/30) to give the product MMas a yellowoil (2.21 g, 93%. M
15 (el ectrospray) niqﬁg68 (MtH), Cal cd for q& H17ClN02| 267. Step 3: MM NN

t K

NH To a sol ution of et ong 2.01 g, n et hanol (80 i)
. ) wuﬁ_%ﬁ ;ad%gbamnmlum
' V. ) 20 an assiLu/m cyanide (1.22 g,

and water (25 nL) in &
carbonate (5.78 g, 60.

18.80 mmmol, 2.5 equiv.). The' nlxture was heated at 80-90 C for 18 hrs. The
cool ed reaction m xture wasWd¥ncentrated in vacuoXXnd the resi due was
treated with water, extracted mﬁth Et OAc (4x). The coﬁbkned organic

géﬁlggﬁ: favvere MRS drthe pect r oscopi cgagﬁﬁﬁ?}jra%%h%g%?m n N ecllg white
solid (2. %&Ea&?%%%@i& %@é‘lﬁé%t%%bﬁ%ﬁ The reg FIB%E £ or
ClgHﬁgl\BO&;actBﬁE\ras %ﬁﬁrﬁabmaﬁwe%eﬁ&tmaﬁéxaw ﬂ%&ﬁmyt@m 115 Step
4: PhO

neutralized with aqueous NaOH (6N). The layers were separated and the aqueous layer was
extracted with EtOAc. The combined organic extracts were washed with brine, dried over
Na2,504 and concentrated. The crude product was purified on flash chromatography
(hexane/FtOAc, 90/10 to 70/30) to give the product XX asa yellow oil (843 mg, 83% yield). MS
©10  m/z 190 (M+H), Calcd for CoH;sNO, 189.

Step 3:
iVle Me H
N-g®
NC>=° —> "OS],NH
XX vy °

To a solution of the ketone XX (763 g, 4.03 mmol) in ethanol (45 mL) and water (15 ral.)
in a glass pressure bottle, were added ammonium carbonate (3.09 g, 32.21 mmol, 8 equiv) and
15 potassitun cyanide (675 mg, 10.38 mmol, 2.5 equiv). The mixture was heated at 80-90 °C for 18
hrs. The cooled reaction mixture was added to icy water (200 ml) and stirred vigorously for 30
min. The resulting precipitate was suction filtered, washed thoroughly with water and dried to
yield the hydantoin YY as a white solid (930 mg, 89% yield). MS m/z 260 (M+H), Calcd for
CuH;7N30s, 259.

20 Step4:

Me H o ' Me qéqgg
N N
DO — DX
Boc
(o] (o]



---0 PhO NN The hydantoin NN (2.28 g, 6.76 xmol e) was suspended in aqueous
NaOH (6N, 60 mL) and heated at 130 C for 4 days. Upon Z8dmbreary 8803 by HPLO)
of the hydrolysis, the reaction 5 m xture was neutralized with conc. HO to
slightly acidic (pH---6). The resulting slurry was filtered, washed with
wat er and \ gi ve 4-am no- 1- (4- phenoxyphenyl ) pi per j,gj néhs
car boxyl i cd{g(k:)i%gp%‘?ﬂ PhQAPPC) as a white solid (2.53 g, > ﬁggmblyo;é%?d wet
and contam nated with inorganic sali)23-which.showed a single peak on HPLC
and used directly for the next step. M5 (electrospray) W 313 (M+tH), Calcd
for C18H2N203, Taa suspargiogiof thebydampnin KKi£780-mg2h.012 BERK iff dey THEI(28 mL) were

4-am no- | SONMRAREAYL LRI PEEA g8 uits S%x,?i ;etBflh Sine R from
t he | ast afﬁ%im s. suspend O}jlgﬂl ﬁﬁg%;%gﬂ?@?{ a ’Jﬁ%%ﬁeous%%gi}%@g (50
m) and étﬁﬁ%\@ Wwvsag PMARA g 0- 164mmmol) insacres oty Aboyt Smipades after the

con g ent r ahéditibm ﬂiée&mrien d;rﬁ%’cﬁﬂﬁ;,t ahdleﬁé fcgguﬁr Ecﬂhﬂi&%ﬁ@@a& brirfdd dvkrhightat $d><§[rﬁl ht ![ y
acidic n ract ed . C. onmbi,ned _organi ¢, extragts were
washed %mp:{%?? %rral%?lrg' gﬁe ¢ rlmel&m%%t Eerwmwg%medﬁ‘l‘ﬁ?ﬁés P as@é@ he
crude pr otasthembkehuminEtOar (30D ed.)oneshddasith toime (3¥80 o) apied ofdrantsdeddst OAC t 0
CH2C12/ Me Ve DU B p%gpc 060\ i akd. for
two steps jgégsf I‘—*Itaﬁlci/%J ( Oﬁgf: %55 , % %gd}ﬁe?%h(tg&@%w‘%{ ‘geg){’b ahgdZI—D ,
7.30 (td, threugh fagh doomatogrephy (hexa@EBAG Y > 810) t@gi8sSthe pure lBBRH) , 2. 94 (t,
2 : [V . . . . Calc A c

Febr uary. 3000 e Bs TS, R e bRy AR m RN P ety
Emc-41%n%ﬁiﬂ3@ﬁ%§m65henyl ) pi peri di ne- 4- car boxyl i ¢ aci d( Fnoc- 2-

MeAppc- OH)
Step 5:

B‘oc

~ Me, o Me, '
N HFmoc
O-XNL_ — DX,
“Boc CO,H
1]
ZZ _

The bis-Boc hydantoin ZZ (1.29 g, 2.818 mmol) was dissolved in DME (20 mL) to give a
N clear solution. To this solution was added 1N NaOH (25 mL, 25 mmol) and the reaction was

15  stirred overnight at room temperature, giving a fairly clear mixture. HPLC showed completion
of the reaction. The reaction mixture was concentrated under reduced pressure to remove DME
and extracted with E6;O. Without purification, the resulting agueous layer containing 4~amino-
1-(3-methylphenyl)piperidine-4-carboxylic acid (3-MeAPPC) was treated with 6N HCI to adjust
the pH to 11-12. This solution (30 mL) was then diluted with 1,4-dioxane (30 mL) and treated

20 with Fmoc-Cl (1.46 mg, 5.65 mmol, 2.0 equiv) and stirred overnight at room temperature. The
reaction mixture was concentrated under reduced pressure to remove dioxane, neutralized with
IN HCl and extracted with EtOAc. The combined organic extracts were washed with brine,
dried over anhydrous Na,SO, and concentrated. The crude product was purified through flash
chromatog}aphy (hexane/EtOAc> CH,Ch/MeOH) to give the pure product Fmoc-3-MeAPPC

25 as a white solid (1.002 g, 78 % yield from the bis-Boc hydantoin). HRMS m/z 479.1940 (M+Na),
Caled. for CosHagNoO4Na, 479.1947.



“Step 1: 5

00 To a solution of 2-iodotoluene (4.36 g, 2.5 m_, 20.0

mol ), 1, 4-di oxa-8 azaspiro [4.5] decane (6.88 g, 6.2 nd8 Hdbriary@dds 2.4

equiv) an
di oxane (

d sodiumtert-butoxide (5.3 g, 55.2, mml, 2.8 equiv) in dry
80 nL) were added tris(dibenzylideneacetone)di palladiun(0) (

mg, 0.1 nmohkyo @Agsstri-o-tolyl phosphine (122 ng, 0.4 mol perkPAedSaCt i O

heat ed at

90 10 C for 26 his. The resulting reaction m xture was

91
n was

concentrated to renove solvent. The r¥di-due was treated with water and
wi th Et OAc. The conbi ned organic extracts were conbi ned, washed

extracted

w th brines

crude pr
75/ 25) to
57% . FH
4H), 2.98
ketal 00
acid (35
20 reacti

ver Na2SO4 and concentrated to give brown oil. This
oduct was purified on flash chromat ography (hexane/ Et OAc, 951

Hremdtﬂbﬁ of HEmogpttahingr 10@uaéth &6 phenyBpietidint-Uicatbdkyiwcia Qkrhsk-§-2. 6

5to
6 g,

) 7-12-7.18 (m 2H), 156.94-7.06 (m 2H), 4.01 (s,

and 1.88 (t, 4H). Step 2: 00 PP To a solution of the
(2. 66 g, 11.4 mol) in acetone (70 nL) was added 6N hydroch
ﬁ%ﬂﬁbnd the reaction was heated at 85 C overnight. The resulti
on was concentrated to renove solvent. The residue was dilute

with EtOCAc and neutralized wyely aqueous NaQgeQ6N) . The layers were

separated and the aqu sd ayer
organi c extractswergn d Jwigt
concentrated. The cru uct

(hexane/ Et OAc, 90110 to 70130) to give the product PP as a yeIIow oi

g, 95%:2
February

10

15

20

25

M5 25 (el ectrospray) W 190 (M+H), Cal cd f oAAGL2HI5NO, 189 28
2005 WO 02/ 18437 PCT/EPO /09630 -117 Step 3: PP
To a solution of 3-iodoanisole (4.68 g, 2.4 mi, 20.0 mmol), 1,4-dioxa-8-azaspiro [4.5]

decane (6.2 ml, 6.88 g, 48.1 mmol, 2.4 equiv) and sodium tert-butoxide (5.3 g,55.2 mmol, 2.8
equiv) in dry dioxane (80 mL) were.added tris(dibenzylideneacefone)dipalladium(ﬂ) (91 mg, 0.1
mmol) and tri-o-tolylphosphine (122 mg, 0.4 mmol) and the reaction was heated at 90 °C for 26
hys. The resulting reaction mixture was concentrated to remove solvent and the residue was
treated with water and extracted with FtOAc. The combined organic extracts were combined,
washed with brine, dried over Na,50, and concentrated to give brown oil. This crude product
was purified on flash chromatography (hexane/EtOAc, 95/5 to 75/25) 1o provide the pure
product AAA as a slightly yellow solid (3.10 g, 62% yield). MS m/z (M+H), 250 (M+H), Caled
for C;,H1oNO;, 249.

Step 2:

MeO MeO

@33_*@\}0

To a solution of the ketal AAA (3.10 g, 12.45 mmol) in acetone (90 mL) was added 6N
hydrochloric acid (45 mL) and the reaction was heated at reflux overnight. The resulting
reaction was concentrated to remove solvent. The residue was diluted with EtOAc and
neutralized with aqueous NaOH (6N). The layers were separated and the aqueous layer was
extracted with EtOAc. The combined organic extracts were washed with brine, dried over
Na;50, and concentrated. The crude product was purified on flash chromatography
(hexane/EtOAc, 90/10 to 70/30) to give the product BBB as a yellow oil (2.53 g, 99% yield). 'H .‘

oric

i ng
d

(2.04



QQ To a solution of the ketone PP (1 54 g, 8.15 mol) in ethanol (60 nL)
and water (20 nL) in a glass pressure bottle, were add&dehmeay20dh
carbonate (4.69 g, 48.9 mvl, 6 equiv.) and 5 potassi um cyani de (800 g,
12.2 mol ,1.5 equiv.). The m xture was heated at 80-90 C for 18 hrs The
cool ed reacy) L,xture was added to icy water (300 m)

vi gor ousl y 8?095%13%(m n. The resulting precipitate was sug{:‘lﬂ%@yf”{ﬁ 0[ered
washed thoroughly with water and drieghsto yield the hydantoin QQ as a
white solid (2.01 g, 95%vyield). M5 (electrospray) W 260 (MtH), Calcd for
C11H17N3O2¥MR 50DEID): 3128 ffmdt 1-TR658 K, TH), 6.30-6156i (m, 28), BIE0 s, 9H),.3.59 K, BDanBR To a
suspensmriégf( E@ hydantoin QQ (1.07 g, 4.13 nmmmol) in dry THE (25 nL) were
added di-tert b 31 di carbonate (2.25 g, 10.32 mmol, 2.5 equiv),
triethylamne (0.63 nL, 460 ny, 4.54 mmol, 1.1 equiv) and DVAP (36 ng, O0.29
mml ) in SiPBassion. About 15 minutes after the 15 addition, the reaction
turned into a dear yellow solution and was stirred overnight at room
tenperature. The reafeQon m xture was conpri rated under reduced pressure
to yield a solid that Wag th aken uplnc washed with I'N
HO ~ (3x30 nl), saturat @ :. ‘ ne (2x30 ni),
dried over anhydrous NaXS& oncentr at ed under pressure. The
crude light yellow product was purified through flash romat ogr aphy 20
(hexane/ Et OAc, 90110380120) BBB gi ve the pure bi £88c hydantoin RR as a
white solid (1.71 g, 90%. MS (electrospray) me 460 (M+H) Cal cd for

C, 24H33N, 06, 498 a dlufiabsrid MetZRBBBO3 02 8 38 hdvolPa kiaROEO DS hd watd (5 €P 5;
mL) in a glass pressure bottle, were added ammonium carbonate (6.77 g, 70.52 mmol, 8 equiv)
and potassium cyanide (1.14g, 17.6 mmol, 2.0 equiv). The mixture was heated at 80-90 °C for 18
hrs. The cooled reaction mixture was added to icy water (200 ml) and stirred vigorously for 30
. min. The resulting precipitate was suction filtered, washed thoroughly with water and dried to
10  yield the hydantoin CCC as a white solid (2.23 g, 92% yield). MS m/z 276 (M+H), Calcd for
CisHiyN03, 275.

. Step 4:

MeQ MeQ

%}Dg, @DZ}

To a suspension of the hydantoin CCC (1.10 g, 4.00 mmol) in dry THF (50 mL) were
15  added di-tert-butyl dicarbonate (2.18 g, 10.0 mmol, 2.5 equiv), triethylamine (0.62 mL, 445 mg,

4.4 mmol, 1.1 equiv) and DMAP (20 mg, 0.164 mmol) in succession. About 15 minutes after the
addition, the reaction turned into a clear yellow solution and was stirred overnight at room
temperature. The reaction mixture was concentrated under reduced pressure to yield a solid that
was then taken up in EtOAc (300 mL), washed with brine (3x30 mL), dried over anhydrous

20 NapSO,and concentrated under reduced pressure.. The crude light yellow product was purified
through flash chromatography (hexanelE%:OAc, 90/10->80/20) to give the pure bis-Boc _
hydantoin DDD as a white solid (1.90 g, quantitative), "H NMR (CDCls): 7.16 (t, 1H), 6.57 (d,
1H), 6.24 (s, 1H), 6. 19 (d, 1H), 3.77 (s, 3H), 1.58 (s, 5H), 1.42 (s, 9H); MS m/z 476 (M-+H),
Calcd for CogHasN;05, 475, |



RR The bis-Boc hydantoin RR (1.71g, 3.72 mmol) was dissolved in DVE (23 1)
to give a dear solution. To this solution was added 1K8N®brHaB300H, 33
mol ) and the reaction was stirred 5 overni ght at roomtenperature, giving
a fairly clear m xture. HPLC showed conpletion of the reaction. The
reaction m s concentrated under reduced pressure DMVE and
extracted V\,ﬁ);]&@‘t% Wthout purification, the resulti ngrggﬁl;e"gﬂ;s)ﬁg ayer
cont ai ni ng 4-am no-1-(2- nethyl phenylippi peri di.ne-4-car boxylic acid
(2-McAPPC) was treated with 6N HCl to adjust the pHto 11-12. This
solution f@P5nL) was then diluted with 1, 4-dioxane (30 nL) and treated with
10 Froc-d (1.28 g, 4.96 mol, 1.3 equiv) and stirred overni ght at room
tenperature. The pjgaction m'?dhre was congepf rated under reduced pressure

to renpve di oxane, cutral i F @ 1IN HC1 awd_extragct i.th Et OAc. The
conbi ned organi ¢ exN l\[\\%/%hedJM'_l‘.J:bbr e@vgbm@anhydr ous
Na2SO4 and concentr a=ed. o r i e

61r|_pugh flash
chr omat ogr aphy (hexane/ Et OAc-)

N&&roduct way

2 MeOH) to give the pure product
Frnoc- 2- MeAPPC 15 as a white solid (1.09 g, 64 %yield fromthe bis-Boc
hydantoin RR). 'H NVR (ORBB-d6): 7.87 (d, 2H), 7.74 (d, \2H), 7.40 (td,
2H), 7.31 (td, 2H), 7.12 (m 2H), 6.97 (d, 1H), 6.92 (td, 1H), 2.72-2.88
(m 4H) and 2. HisBocHyjlantbis IIBID €L06 ©3R3 AiolyWvas dbdivédih BME Golngd) tb Gie C

o1 (2. | SERF SRl PP REet eracar hE Ok T BT GRoR an s reacienagsc o )
Step 1:5 SirRE oFebighbatyodn GanmpARtQ2/ ghidgAairlg tlemPialxhii® 6HPLE dibred corpletiinut i on
oot oS ARTTH BB s b AU S
t er t - but oXdgairected withyELO. Withpurmsificationgthe eshliing pqredwylayst eontaining 4-6@inet) wer e
added tri.${-GelRi¥Hehyfl %11?%@%@&)5&:9&' akAdE- AP HAD SR s FBate ity FRPlo and
td-o- t ol yzlu:fp%? 81%: %Iﬂ trv:])el 1-( . %hls solution (35 mL) was then diluted with 1,4-dioxane (35 mL) and
10 treated with Fmoc-Cl (755 mg, 2.93 mmol, 1.3 equiv) and stirred overnight at room-

temperature. The reaction mixture was concentrated under reduced pressure to remove dioxane,

nentralized with 1N HCl and extracted with EtOAc. The combined organic extracts were washed

with brine, dried over anhydrous Na,SO, and concentrated. The crude product was purified

through flash chromatography (hexane/EtOAc> CH,Cl/MeOH) to give the pure product

15 Fmoc-3-MeOAPPC as a white solid (668 mg, 63 % yield from the bis-Boc hydantoin DDD). 'H

NMR (CDCl): 7.83 (d, 2H), 7.72 (d, 2H), 7.41 (td, 2H), 7.34 (dt, 2H), 7.16 (t, 1H), 6.52 (d, 11),

6.42 (s, 1H), 6.36 (d, 1H), 4.25 (m, 3H), 3.68 (s, 3H), 3.23-3.40 (m, 2H), 2.96 (1, 2H) and 1.86-

2.18 (m, 4H). HRMS m/z 495.1901 (M-+Na), Calcd. for CygFH,sN;05Na, 495.1896.

20 EXAMPLE 25

Preparation of Fmoc- 1-amino—4~cydoh¢xylcyclohexane— 1-carboxylic acid (Fmoc-Achc-OH)

i

Step 1:



5 ng, 0.80 rrrml) and the reaction was heated at 90 C for 26 hrs. The
resulting reaction nixture was concentrated to renove 28diapsyary 208%at ed
with water and extracted with Et OAc. The conrbi ned organic extracts were
~ comnbi ned, vvashed with brine, dried over Na2204 and concentrated to give a

brown oil. de product was purified on flash chro
(hexane/ Et QAc, ﬁggﬁ’g 75/ 25) to provide the pure product Sgaﬁ% 1 |¥ghtly
~yellow solid (3. 61 g, 10 35%vyield) .- nmz 262 (MH), Cal cd for
Cl16H23NO2, 261. Step 2: SS Ti' To a solution of the ketal SS (3.24 g, 12.4

mol ) in acet dmaixiudofit-yyclohexyhpdiduxbinne (3y00rgp b miiade) goitadsiiz Syavide (2Adig,t he
. t t | t
s concents SLage mBlontith clrbina (0150} 38t mrh ) LASHO (T4 hna hEBELS B ) F” ©
neutral i zédeajlﬁdt kvrdediBresgryilasksres heatprkinia B0 ail hatk for ééb@#&t%@?x sPrding Fre
aqutﬁogs | a%@g ten@Serat@e] the Ghedslidrf %ﬁu&t@'@ M&tﬁhﬂﬁﬂr&rﬂﬁﬁbﬁ blafed 3 Wf‘r €
washed wi [ and concen e produc
was pur’fi %rc? Nelr's ng r%ﬁ?’%‘i?\ﬁ?%ﬁﬁ%btﬁ @ﬁ%"fiﬂﬁ%ﬁ“ﬁl@k@ﬁ ?"g@ of[‘)’o gl ve
E helré; Odg?iglf]'gs @ghﬁe sbﬁgl SN (11(1\33(4 ﬁs wBQ%iH brbh&\l&dﬁ)@ﬂ @ﬁqn%ha s, NID)

m
1.25 (d, OdfL soﬂ(%m%,, é%“% @Hz(?zoqakc&@mbmk% 249 (\Mtlaa*?@ (MQH} W To

a solution of the ketone TT (2. 30 g, 10.6 mml) in ethanol (90 nL) and
water (20Swpp: 25 in a glass pressure bottle, were added anmoni um carbonate
(8.1 g, 84.3 mol, 8 equi v) and 28 February 2005 WO 02/18437 PCTI EPO1/ 09630
-120 potassiumcyanide (1.72.g, 26.5 mol, 2.5 equj The m xture was
heated at 80-90. C for 18 $. The cool ed react | I Xture was added to

icy water (400 m) and sti - rouslyfor 30 e resulting
precipitate was suction filtere hed ttrorodghly w er and dried to
' . 2 © SouH
EEE
10 A mixture of hydantoin EEE (1.39 g, 5.55 mmole) and 6N sodium hydroxide solution

(50 ml) in a sealed, thick walled pressure flask was heated in a 130°C oil bath for 2 days. The
reaction mixture was cooled in an ice bath, neutralized to ~ pH 7 using concentrated
hydrochloric acid. The white slurry was filtered and the precipitates rinsed with water to give
crude 1-amino-4-cyclohexylcyclohexane-1-carboxylic acid (48.3 g, wet and containing

15  inorganic salts, >100% yield). LRMS (Electrospray): CisHasNOg, calc. 225; observed: 226

(M:+H).
% NHFmoo

20 A mixture of crude 1- ammo—é—cyclohexylcyclohexane— -carboxylic ac1d (48 3 g, 5.55
mmole theoretical), triethylamine (1.0 ml, 7.17 mmole}, 9-fluorenylmethyl succinimidyl
carbonate (Frnoc-OSu, 2.43 g, 7.20 mmole) in acetonitrile (75 ml) and water (75 ml) was stirred
at room temperature for 24 hours. The reaction mixture was concentrated in vacuo to remove
most of the acetonitrile, acidified to pH ~3 with 10% :;.queous cifric acid solution, and the white

25 emulsion extracted three times with methylene chloride. The combined organic layers were
washed with water, brine, dried over magnesium sulfate. Filtration and concentration gave a

Step 3:

Dllll
OIIII

crude oil which was purified by column chromatography (eluted with 1 = 5 > 8%



yield the hydantoin Was a white solid (2.78 g, 91%yield). M5 niz 288 "
(MtH), Calcd for 5 CL6H2IN3(2, 287. Step 4: UU N To a 28dmbnsrpR0E t he
hydantoin W(2.74 g, 9.54 mmol) in dry THE (100 nL) were added
di-tert-butyl Bicarbonate (5.2 g, 24.24 nrnol, 2.5 equiv), triethylamne
(2.5 nil., 1.07 g, 10 10.5 mml, 1.1 equiv) and DVAP (46 0.29 Mol ) in
successi on.wﬂr%ﬂg”?w m nutes after the addition, the reﬁ@?’F’c’)"r]lm?ﬁﬁ? ned into
a clear yellow solution and was stirrgg.overnight at room tenperature. The
reaction m xture was concentrated under reduced pressure to yield a solid

that was nidienol/akbiplesdrhlonidEitehRe FRGO 1 Akdido-4-Wanh eftlobktyicytibheignd- BXx30 nl) ,

dried over .dr @ Na2 . oncentr rr e ssure. The
crude Iigk‘i"t‘r%{)lllg'?ﬂ %“&v@?%%&“&t@%@zig‘ﬁ&l”?Fts%st)-ﬁhﬁﬁﬁg ﬁqu%gﬁ(bé&%%ﬁgt &§r aphy
(hexane/ E4&R248800hse:048@49B%7t 0 gi ve the pure bis-Boc hydantoin W as a
white solid (4.39 g, 94%vyield). M5 mz 488 (MrH), Calcd for C26H37N3C%,
487. Step 5: W20 The bis-Boc hydantoin W(2.34g, 4.8 mmol) was di ssol ved
in DME (30 nL) to give a dear solution. To this solution was added I N NaCH
(45 ni, 4% 41@:,2?10' the reaction was stirred overnight at room
tenperdture, gi g a fairly clear m xture. HPLC showed ganpl etion of the
reaction. The reaction m xture was concentrated under reduced pressure to
renove DVErepartionef Fmed bdmigotdr-@phenyloyelohrsene- hoarbéyliaadid (Fedabdpee@H) t i ng
aqueous | ayer containing 4-am no-1-(2 28 February 2005 WO 02/ 18437

PCT/ EPOL/ 82630 -121 i sopropyl phenyl) pi peri di ne-4-carboxylic acid

(2-1 PrAPPC) was treated with 6N HO to adjust the pHto 11-12. This
solution (-45 m.) was then_diluted with 1, 4-di gxane (45 nL) and treated
with Fnoc-C1(1.78 g, 6.89 |, 1.5 equiv) a@> rred overnight at room
tenperature. The reaction 1y
to renove di oxane, neutr,
conbi ned organi c extract

A mixture of 4,4~diphenylcyclohexanone (prepared by hydrogenation of 4,4-

10  diphenylcyclohexenone according to the procedures of Freeman, P.K. et.al. J. Org. Chem. 1989,
54, 782-789) (1.55 g, 6.19 mmole), potassium cyanide (0.65 g, 9.97 mmole), ammonium
carbonate (3.60 g, 37.5 mmole), ethanol (48 ml) and water (12 ml) in a sealed, thick walled
pressure flask was heated in a 80°C oil bath for 24 hours. After cooling to room temperature, the
white slurry was poured into ice-water and stirred at room ternperature for a couple of hours.

15  Filtration and air-drying gave hydantoin FFF (1.89 g, 95% vield) as a white solid. "Hl NMR |
l(DMSO—dg) 8 10.57 (1H, broad, NH), 8.59 (1H, broad s, NH), 7.00-7.50 (10H, m, phenyl).
LRMS (Electrospray): CyHzgN20s, cale. 320; observed: 319 (M-H).

Step 2:

FFF

20 A mixture of hydantoin FFF (1.88 g, 5.87 mmole}, barium hydroxide monohydrate (5.60
g, 29.6 mmole) and water (100 ml, too dilute!) in a sealed, thick walled pressure flask was heated
in a 105°C oil bath for 2 days. More barium hydroxide monohydrate (5.60 g, 29.6 mmole) was



~ dried over anhydrous Na2SO4 and c¢oncentrated. The crude product was
purified through flash chronmatography (hexane/ Et OAc- CABCEDMMEPP0T 0 gi ve
t he pure product Fnoc-2-iPrAPPC as a white solid (1.46 g, 63 %yield from
t he bi s-Boc hydantoin). HRVMS niz 507.2263, Calcd for C30H32N2O4Na,
507.2260. 10 EXAMPLE 23 Preparation of

Fnoc- 4- am n& 9 %3%et hyl phenyl ) pi peri di ne- 4- car boxyl i ¢ aBFHEPEAYE? 3-
MeAppc-COH) 15 Step 1: To a sol ution 0fyg3-iodotoluene (4.36 g, 2.6 nL, 20.0
mml ), 1, 4- di oxa- 8-azaspiro [4.5] decane (6.88 g, 6.2 m, 48.1 nmol, 2.4
equi v) andd&addn&ﬂaetmﬁnbw:tsdmtd@ﬂa&o? oil Beth Bor ﬁﬁBﬂlerZZhSurseWhldféécnbﬁl dry

di oxane (80 _m dded Lris (di benzyl | den et o 0) (91
ng, 20 0.1 el) asﬁ%ogecﬁ iTO F aﬁffﬁ% gg‘?\?m' Wt f‘?‘lﬁgrpfigﬁct i on
was heat edtized ‘@@r@ﬁyo The euspérision Wik eurtedsu b boﬂlgg wateHattofor tWO(thﬂlrSindlaeoled
concent fatt@fboh&eﬁl SR Fe. Sﬂle‘{&%s sggns{o?l%g Hﬁer‘é@éxtttﬁ?@:%.\%g;;cagwco AN Ekargnd

extracted wth EtOQAc. The_ conb organi c extract |ned washed

with bri ndhe gembigedfliapte M@Mﬁﬂ%éﬂ%ﬁ@ﬁﬁi 1aTagug tgyi-38 1ol Bewlization withhi s
crude pr odu@denmai anﬁﬂémflhﬁﬁ’dﬁﬂh&e'sa&ﬂo& WRIOSedfitYes wmhaﬁeé fitefCwasR] 5 tO

75125) to_pkovi ure rodu s a S|I ht.l sol | d (3.21
g, 69%. Q‘g& Ct@“ Fﬁ%ﬁ@ﬁ“’ﬁ % Bﬂ’fég Sf‘)’g i'\/\)(/V xx To
a sol uti ona.tbi’axy‘hhmdx@tﬁalg, W%(y’ielcﬂas gwhﬂes’bﬁdnﬁmm (Elmelﬁhﬂnelg([ﬂmaﬁl_c)ald/\m added

6N hydro g& d the reaction was heated at refl ux

over ni ght %JB‘J‘F g&fzggu tl)%g9 rea ’tion was concentrated to renmove solvent. The
resi due was dil uted vmth Et OAc and neutralized wth agueous NaCH (6N). The
| ayersl8ere separated and the aqueous |ayer was extracted with Et OQAc. The

combi ned gigyawai ¢ extracts were washed with brine, dried over

15 A mixture of crude 1-amino-4,4-diphenylcyclohexane-1-carboxylic acid (510 mg, 1.73
mmole), triethylamine (0.37 ml, 2.65 mmole), 9-fluorenylmethyl succinimidyl carbonate (Fmoc-
QOSu, 880 mg, 2.61 mmole) in acetonitrile (25 ml) and water (25 ml) was stirred at room
temperature overnight. TLC analysis of the reaction indicated the presence of starting material
amino acid. 9-fluorenylmethyl succinimidyl carbonate (200 mg) and acetonitrile (5 ml) were

20 added and the mixture was stirred at room temperature for another 24 hours. The reaction
mixture was concentrated in vacuo to remove most of the acetonitrile, acidified to pH ~3 with
10% aqueous citric acid solution, and the white emulsion extracted three times with ethyl
acetate. The combined organic layers were washed with water, brine, dried over sodium sulfate.
Filtration and concentration gave a crude oil which was purified by column chromatography

25 (eluted with 1 = 4 -> 8% methanol/methylene chloride) to give Fmoc-1-amino-4,4-
diphenqu;clohexane-l-carboxylic acid (350 mg, 39% yield) as a white solid. HRMS (FAB):
C34H3NOy (M+H) calc. 518.2331; observed: 518.231



-Na2SO™4 and concentrated. The crude product was purified on flash"

chromat ography (hexane/ Et OAc, 90/ 10 to 70130) to gi veZBlirebprang®@d5 XX as a
yellow oil (843 ng, 83%yield). M5 to nlz 190 (M:H), Calcd for

C12H15NO, 189. Step 3: xx 0 30. To a solution of the ketone XX (763 g, 4.03
mmol ) in ethang 45 m) and water (15 nL) in a glass pressur ttle,
wer e added gﬁ%}ﬁ?“éh carbonate (3.09 g, 32.21 mol, 8 equ?%m%%’ﬁ@ (g

pot assi um cyani de (675 ng, 10.38 mmo)j3p2.5 equiv). The m xture was heated
~at 80-90 C for 18 hrs. The cool ed reaction m xture was added to icy water
(200 m ) &ixXcAMRBIEA7ed vigorously for 30 mn. The resulting precipitate was
suction filtered, washed thoroughly with water and dried to vyield the

hydant oi n : Liersatid 0, j.eh . (Vi Cal cd
For . CLarEongpaiof g Sy aled i R Sfath 1 ol Thg (RRE- 8Ly 05
February %005 WO 02/ 18437 PCTI EPOL109630 -123 To a suspension of the
hydant oi n V?1(780 ng, 3.012 mol) in dry THE (22 nlL) were added

di -tent-butyl dicarbonate (1.64 g, 7.52 mml, 2.5 equiv), triethylam ne
(0.42 ., 305 ny, 3.01 nol, 1.0 equiv) and PMAP (20 ng, 0.164 mmol) in
successi on. About 5 mnu er the addit he reagtion turned into a
clear yellow solution and ti r+ee—oewer ni ght pom 5 tenperature. The
reacti on m xture was concent under reduced™pres3une to yield a solid
that was then taken up in EtQAc (300 ni), washegAwiyfh brine (3x30 niL),
dried over anhydrous Na2SO4 and concentrated under reduced pressure. The
crude light yellow product was purified GGG

5 A mixture of 4-t-butylcyclohexanone (2.00 g, 13.0 mmole), potassium cyanide (1.27 g, 19.5
mmole), ammonium carbonate (7.48 g, 77.8 mmole), ethanol (60 ml) and water (12 ml) ina
sealed, thick walled pressure flask was heated in 2 80°C oil bath for 15 hours. After cooling to
room temperature, the white slurry was poured into ice~water and stirred at room temperature
for a couple of hours. Filtration gave hydantoin GGG (2.78 g, 96% yield) as a white solid which

10 was used in the next step as a crude. *H NMR (DMSO-dg) § 10.52 (1H, broad, NEH), 8.50 (1K,
broad s, NH), 0.81 (9H, s, #-Bu).

o;\'“ CoH
A

Step 2:

GGG
A mixture of hydantoin GGG (2.78 g, 12.4 mmole), barium hydroxide monohydrate

15 (11.74 g, 62.0 mmole) and water (50 ml) in a sealed, thick walled pressure flask was heated in a
120°C oil bath for 2 days. The reaction mixture was cooled to room temperature, acidified to ~
PH 3 using 4N sulfuric acid while being stirred vigorously. The suspension was stirred in a
boiling water bath for one hour and cooled to room temperature. ‘The white suspension was
filtered and the precipitates rinsed with water. The combined filtrate and washings were

20 concentrated in vacto to ~ 30 ml. Neutraﬁzation with concentrated ammonium hydroxide
solution gave white precipitates which were filtered, whshed with water and dried in vacuo
overnight to give 1—amino~4—trans~t-butylcyclohexane-l-ca:boxylic acid (2.10 g, 85% yield) as
a white solid. '



t hrough flash chromat ography (hexane/ Et OAc, 90110-X80120) to give the pure
bi s-Boc hydantoin ZZ as a white solid (1.37 g, quanti 28tFebairy RS n z
482. 2261 (MtNa), Calcd. for 10 C24H33N3(O6Na, . 482. 2267, Step 5: zz The

bi s-Boc hydantoin ZZ (1.29 g, 2.818 muol) was dissolved in DVE (20 nL) to
give a cleghSlsgion. To this solution was added 1N Nagd{Rpoddhy 25 Mol )
and the reactlon was 15 stirred overnight at zoomtenperature, giving a
fairly clear mxture. HPLC showed conplieti on .of the reaction. The reaction
m xture was concentrated under reduced pressure to renove DVE and

extract edStept3h Et 20 Wthout purification, the resulting aqueous | ayer
contai ni ng 4-am no- 1-(3-nethyl phenyl) pi peridi ne-4-carboxylic acid
(3-McAPPC) was treated with 6N HCL to adjust the pHto 11-12. This
solution (30 nmL.) was t diluted with 1, 4-di~Qkane (30 nL) and treated 20

with Pnoc-Cl (1.46 ng, 5. |, 2.0 equiv) irred overnight at room
tenperature. The reactio N e was c3ncentr JeMiter reduced pressure

to renove dioxane, neutralizZejwth 1IN HJ and extgoaa,ct ed with Et OAc. The
conbi ned organi c extracts were vvashed with brine, dried over anhydrous
Na2SO4 and concentrated. The crude pr oduct was purified through flash

o 3 APPSR 1 g el OB e e el B o
hydant oi n)nm(’f@f\égﬂ?rfnﬁ?\éﬂ M?ibonéﬁl(gﬂo‘*%é ) 6&5@%@@%111 digggne 947
28 Februa(ypo aﬂ%am/&aﬂﬂ:&ﬂ&?bmafbgéiun@(ﬁﬂﬁ’hﬂz) WA sticdd AtROL QRBpefnire fpaa at i on
Of FoC- 44,801 el o AL OHRNEIVLY DL SR L0, L GRL D b oSS, RS &

to pH ~3 with 3N HCI and the white emulsion extracted twice with methylene chloride, The

10 combined organic layers were washed with water, brine, dried over magnesium sulfate,

Filtration and concentration gave a crude which was purified by column chromatography (eluted

with 1 = 4 -> 5% methanol/methylene chloride) to give Fmoc-1-amino-4-trans-t-

butylcyclohexane-1-carboxylic acid (1.42 g, 32% yleld) HRMS (FAB): CysH3NO, (M+H) cale.

422.2331; observed: 422.23

15

EXAMPLE 28
Preparation of 35, 25-Fmoc-(L)-beta methy (Nin-Mes) tryptophan, Fmoc-(L)-f-Me(Nin-
Mes)Trp-OH)

20 Stepl:

o COH X COzH
[: 1 I N
N

N 1
H Mes
HHH

To a solution of trans-S-indoleary]ic acid (35.0 g, 0.08 mole) in 350 mL of dry THF at -78
°C was slowly added 125 mL of 1.6 M n-Buli in hexane. The resulting suspension was stirred at
-78 °C for 1 hr. Then, a solution of 2-mesitylenesulfonyl chioride (21.9 g, 0.1 mole) in 50 mL of
25  dry THF was slowly added. The mixiure was warmed to 1t, and stirred overnight. The mixture
was poured to a saturated aqueous NH4Cl solution. The layers were separated and the aqueous
layer was extracted with EtOAc. The combined organic layer was dried over sodium sulfate,
Removal of solvents gave 14.1 g of crude product HHH which was used for the next step without



O 5 AAA To a solution of 3- |odoan|sole (4.68 g, 2.4 nL, 20.0 | Qg
1, 4- di oxa- 8-azaspiro [4.5] decane (6.2 nL, 6.88 g, 4828 RehBiary 2009 equi v)
and-sodiumtert-butoxide (5.3 g, 55.2 mmol, 2.8 equiv) in dry dioxane (80
m.) were-added tris(dibenzylideneacetone)dipalIadiun(O) (912 ng, 0.1 mol)
and tri-o-t phine (122 ng, 0.4 mmol) and the reac eated at
90 C for '@?ébﬁﬂ%ﬁ The resulting reaction m xture was c%%@@%?@%?@d to
renove solvent and the residue was 4imgated with water and extracted with
Et OAc. The conbi ned organlc extracts were conbined, washed with brine,
dried ovefurtigosceHicatinn. dﬂﬁﬂéﬁam&msdmhqmgﬂmeﬁbmumnsbBgofﬁhm@ntmﬂuéﬁpmoduct

was purifje /

provi de t e&lpgfr}gm% BBE 8%&%&3 “’F@ﬁ?‘ﬁ&e{ﬂ% (@.%@’%@@2%

yi el d). MB},08% (4,NHH)2.52X50H)M\238 (s, SEBL cd 15 for C14HH19N03i 249. Step 2:
MeQ MeQ BBB To a solution of the ketal AAA (3.10 g, 12.45 mml) in acetone
(90 nb) WB&p added 6N 20 hydrochloric acid (45 nL) and the reacti on was

heat ed at reflux overnight. The resulting reaction was concentrated to
renove solvent. The residue was diluted with Et OAc and neutaallzed W th

e conﬁlned or gani ¢ ext
g g-concentrated. The crud uyified on

fl ash chronmat ography 4%) (hexa. ne/ Et OAc, 90/10 t q 30) tp{give the product
BBB as a yel |l ow oil .53 g, 9996y|eld) '"H 28 Febmgary 2005 WO 02/ 15437
PCTI EP@1/ 09630 -125 NMR (Cbc13): 7.20 (m IH), 6.58 @d, 111), 6.39-6.56
(i, 2H), 3.80 (s, 3H), 3.59 (m 4H and 2.58 (an, 4H). Step 3:

To a solution of N-2-mesitylenesulfonyl-trans-3-indolearylic acid (3.26 g, 8.8 mmole) in

140 mL of dry THF at -78 °C were added 3.7 mL (3 equiv.) of triethylamine and 2.17 mL (2
equiv.) of MesCCOCI. The resulting mixture was stirred at -78 °C for 15 min, and at 0 °C for 1.5
hr. The mixture was cooled down to -78 °C, to which was added 5.5 mL of 1.6M n-Buliin

10 hexane, then added a mixture of (R)-4-phenyl-2-oxazolidinone and n-BuLi in THF (prepared by
adding 11 mL of 1.6M n-BuLi in hexane t0 a solution of (R)-4-phenyl-2-oxazolidinone (2.87 g,
17.6 mmole) in 70 mL of dry THF at —78 °C) through a cannula. The resulting mixture was
stirred at —78 °C for 2 hr, and at rt overnight. The reaction was quenched by NH,Cl agueous
solution (100 mL). After removal of the organic solvents in vacno, the agueous residue was

15 extracted with EtOAc. The combined organiclayer was dried over sodium sulfate, Filtration and
concentration gave a crude product which was purified by a flash chromatography
(EtOAc/hexane, 1:4) to give the product 111 as light brown gum in 63% yield (2.86 g). LR—
Electrospray: CosHz6N2058, cal: 514 observed: m/z 515 (M+H).

Step 3:
o O CHy O Q
wh y 0y
) Ph)——/ Br )_/
| Mes Mes
20 1} JJJ

To a mixture of CuBr.Me,S (0.84 g, 4.08 mmolé) and 5 mL of dimethyl sulfide in 10 mL
of dry THF at —4 °C was added 1.36 mL of 3M CH;MgBr in ether. After stirring for 10 min, the
above product (1.4 g, 2.72 mmole) in 8 mL of dry THF was added. The resulting mixture was
stirred at —4 °C for 1 hr, and at rt for 6 hr. After cooling to —78 °C, to the mixture was added 1.45



IVEO MeO 310 BBB CCC 5 To a sol ution of the ketone BBB %l 81 g, mol )
in ethanol (60 ni) and water (20 ni) in a glass pressd é:el%ﬁf!'%mﬁ/\ere
added ammoni um carbonate (6.77 g, 70.52 mmol, 8 equiv) and potassium
cyanide (1.149,17.6 mol, 2.0 equiv. The m'xture was heated at 80-90 C for
18 hrs. Thﬁ,oq]%,*g,p reaction mxture was added to icy wabef/ekdfebkasl ) and
stirred vigorously for 30 mn. The resulting precipitate was suction
filtered, washed thoroughly with water33and dri.ed to to yield the hydantoin
CCC as a white solid (2.23 g, 92%yield). M5S mz 276 (MrH), Calcd for
C14H17N303,(8.Jmmmols) efNbromesgeqini@idtio IR@D of diy THR, The ixtpemzsniged s -48 °C

iESQSQZh omorqbnhH%nhxﬁ%g?igartg%%m&&v&s éu:@@t&ﬁmln}wfbrﬂ&%ngaﬁraéé@wﬁﬁa) wer e
triethyl a%%‘ﬁ%ﬂ?isl gfﬂﬁt eﬂ@nﬁaﬂww ﬁ&@rso‘;euqis ﬂFvaﬂ“&HEPE%AP (20 ny,

0. 164 nmoldndemtraion gaeaicoutde pAdilnat whibh ms]mhﬁad By 4 fsh themaﬁigfhphy on, the

20t 90 CHONER L 3.0 f BOL IR 0 Ko B A

pressure (ODghES Tex(ds i), .4y muﬂ),m .37, BEKSHSUER 2D, 651@&;:1}()3903 a3,

concent r afa Cule 17 Kb B s S8 B 259 e RBLA A S o or ocuct v

purified through flash chromatography (hexane/ Et OAc, 90/ 10-80/20) to give
the pure Btep4Boc - hydantoin DDD as a white solid (1.90 g, quantitative), 1H
NVR (CDC13): 7.16 (t, 1H), 6.57 (d, 1H), 6.24 (s, 1H), 6. 19 (d, 1H), 3.77
(s, 3H), 1.58 (s, 9H),1.§,((§ 8H); Ms mz 476 (MtH), CH%CbeOF

CL4AH33N307, 475. NH 28 Fepru rx[l\2005 /lL
T N ©O
| ( [T & NP LIy L Y7

B
, PH N PH
Mes Mes
Jud KKK
10 The above bromide JJJ (0.72 g, 1.18 mmole) was mixed with tetra-n-butylammonium

azide (1.68 g, 5.9 mmole) and sodium azide (77 mg, 1.18 mmole) in 10 mL of acetonitrile, and
stirred at rt for 6 hr. The mixture poured to 100 mL of NH,Cl aqueous solution and extracted
with EtOAc (2x100 mL). The organic layer was dried over sodium sulfate. Filtration and
concentration gave a crude product which was purified by a flash chromatography

15 (EtOAc/CH;Cly/hexane, 1:2:5) to give the product KKK as light brown gum in 82% yield (0.55
). "HNMR (CDCI3) §7.65 (d, 1H), 7.59 (s, 1H), 7.18-7.29 (m, 8H), 6.90 (s, 2H), 5.54 (d, 1H),
5.50 (dd, 1H), 4.78 (t, 1H), 4.35 (dd, 1H), 3.62 (quintet, 1H), 2.43 (s, 9H), 2.28 (s, 3H), 1.28 (d,

3H).
Step 5:
gHs 0 J0L | CHz O
N PH N 3 :
Mes Mes
20 KKK | LLL

To a mixture of the above azide KKK (0.55 g, 0.96 mmole}, water (4 mL) and THF (12
mL) at 0 °C was added 0.65 mL of 30% H,0,, then added 48 mg (2 equiv.) of LiOH in 1 mL
water. The resulting mixture was stirred at 0 °C for 2 hr. The reaction was quenched with



. D 02/ 18437 PCTI EPOL/ 09630 -126 Step 5: Boc MeO N, Bog DDD The bis-Boc
hydantoin DDD (1.06 g, 2.23 mol) was dissol ved i n DVEZ2BJF@PHaY 205%i ve a
dear solution. To this solution was added IN NaOH (20 nL, 20 mml) and the
reaction was 5 stirred overnight at roomtenperature, giving a fairly clear
- mxture. HP d conpletion of the reaction. The re i Lxture was
concentr at eh%uﬁn}(?lgeh\ﬁreduced pressure to renove DME and e?ﬁ'g@?@g%%th Et 20
Wthout purification, the resulting ageous |ayer containing 4-am no-
1- ( 3- met hoxyphenyl ) pi peri di ne- 4- car boxylic add (3-MOAPPC-) was treated
with 6N H®e:¥®s (1 ghiméshL whater. fFhetngixtlife iR stirfddl a8 rifod adiditional (38 nind_)ftevasmévabn
diluted WidethebrdhnfllsONaREME 2 .0 & Wi eSS Ni?ﬁ? mg, 2.93
10y, SO EHHS (‘I:heg&szs?]l?tﬁﬁj% %%tﬂP%QWtI Notls ; et 100,

mol ;1.3 equi,v)” and stirred ove om tenperature. action

mxture wd “E%@@W%@HW%@@ACK%?SM Biteation prd ¢opcensiaionsayr oxade,

ne ;Jt r aIt i z@ebductmwwgﬁﬂﬁaﬁeﬁamﬁhﬁn@&%wﬂm@m 1&@9100)5 931 C
extrac re e . bri.ne,_ dri.ed, ove r ous

concent $ a}t%ecﬁr oﬁiﬂﬁﬁfgﬁﬁ%ﬁﬂﬁ‘? I’Wég/“ 36"3‘19 M‘%@'& ﬁ?‘ﬁ%ﬁtﬁ@fﬁr afﬂ%%f@@ﬁﬁl‘ &ft aphy
(hexane/ Eobke@dGh2@2MWEM)) to give the pure product 15 Fnopc-3- MeQAPPC as a
white solid (668 ny, 63 %yield fromthe bis-Boc hydantoikn DDD). 1H NWR
(CDC13): %eR%: (d, 2H), 7.72 (d, 2H), 7.41 (td, 2H), 7.34 (dt, 2H), 7.16 (t
1H), 6.52 (d, 1H), 6.42 (s, 1H), 6.36 (d, .1H), 4.25 (m 3H), 3.68 (s, 3H),
3.23-3.40 (m 2H), 2.96 (t, 2H) and 1.86- 2.18 (m 4H). HRVB m z 495. 1901
(MtNa), Calcd. for aration of

Frmoc- | - am no- 4 @gxa. ne-| - car boxyl chc-OH) Step
. ...-....~1 ry -20686—Wo-02/ 1 | EP@1/ 30
NHFmoc
N )
Mes Mes
LLL
10 The above azido acid LLL (0.34 g, 0.8 mmole) was dissolved in 20 mL of methanol. To

the solution was added 170 mg of 10% Pd on carbon. The resulting mixture was stirred at rt
under H; (balloon) for 3 hr, After filtration and concentration, the crude was dissolvedin a
mixed solvent of THF (12 mL) and water (4 mL). To the mixture were added NaHCO; (254 mg,
3 mmole) and Fmoc-OSu (540 mg, 1.6 mmole). The resulting mixture was stirred at rt for 18 hr,

15 Diluted with 30 mL of saturated NH,Cl solution and extracted with EtOAc {2x30 mlL). Filiration
and concentration gave a crude product which was purified by a flash chromatography
(HOAc/MeOH/EtOAC, 1:10:100) to give the product 38, 2S-Fmoc-~(L)-beta methy (Nin-Mes}
tryptophan as off-white solid in 50% yield (0.25 g). LR-Electrospray: CssH3sN206S, cal: 622
observed: m/z 621 (M-H).

20
EXAMPLE 29
Preparation of Fmoc-Linker-BHA Resin .

Benzhydrylamine copolystyrene-1% divinylbenzene crioés—linked resin {10.0 g, 9.3 mequiv, 100-
200 ASTM mesh, Advanced ChemTech) was swelled in 100 mI, CHCly, filtered and washed
25  successively with 100 ml each of CH2Cly, 6% DIPEA/CH2Cly (two times), CH2Cly (two times).

The resin was treated with p- [(R, §)-a-[1-(SH-fluoren-9-yl)-methoxyformamido]-2,4-



-127 A m xture of 4-cycl ohexyl cycl ohexanone (3.00 g, 16.6 mmol e) ot assi um
cyanide (1.63 g, 25.0 nnnol e), amonium car bonate (9. 28 fkgbrugsy 800 e)
ethanol (75 m) and water (15 m) in a sealed, thick walled pressure flask
was heated in a 80C oil bath for 15 hours. After cooling to room

t enper at ur ewddf?ﬁswﬂi te slurry was poured into ice-water apgpshjpsdzgd at room
tenperature 5 for a couple of hours. Filtration and air-dryl ng gave
hydantoin EEE (6.10 g, still wet, >108% yield) as a white solid. 1H NMR

(DVBO-d6) .S 10. ,. broad, NH),, 8.43 (IH_broad s, NH), 0.80-1.80 (20H,
m. LRVS FK‘P“@?‘)’%“@%&E&WE@E‘F‘*‘{‘&%.(F‘Q‘Bco‘:m’gﬁa%gr(l}egd?~3-‘m§ﬂ°éﬁ)z¥o, 251 (MrH).

St gp 2: hEEﬁirméHM' iavale €.16g, ﬂl%@ﬁlﬁifﬂﬂ)ﬂnﬁﬂﬁsdplimﬁdrﬂza@ﬁdﬁnﬁﬁ_ 'k (frltminﬁls.aﬂmﬁj\l 1 ask
sodi um hy [ in a sealed, thi wal | e ressure flas
was heat e %ng%%%fﬁﬁ%%]&%mfz?rh 2“2“8%%?8’?1 BE4PES 65‘??%%?%{}%8‘?9%@ cool ed
i N an i ce wagiel sucossitelyeditlz 0B thikach JTIGHA QUSHRG tisRs)CiedProinel thy ey bk ¢ aci d.
The white sééﬁr%m%? filtered and the precipitates, rinsed wth water to
give ct udRd YR (Bree tmass) Shkaiser chﬁé&’é]ﬂi%}ﬁ Yassptigky Freresip es qrigd undey  vet
and cont aivituti td PieliN6/19 8 BF PmsalinRer-BHORYNY Aglofon df%e@iﬁl(g.%{ég%&r ay) :
C13H23NO2, bt.al a €25; observed: 226, St e@KB: NH2 AI@;SC\I?HF ) 2H CD2H 20 A
m xture of"RiSciFdde Fmardrprotection prduaptitativg B, analysisind ingofdehd (48.3 g,
5.55 mi olmoligheoretical ), triethylainine (1.0 m, 7.17 mole),

9-fl uorenyl met hyl- succi nimdyl carbonate (Fnoc-OSu, 2.43 g, 7.20 mmole) in
acetonitrile (75 m) and water (75 m) was stirred at roomtenperature for
24 hours. The reaction m xture was concentrated in vacuo to renove nost of
t he acetoE'!EE'!!g, acidified to pH -3 with 10% aqueous citric acid solution,
and th¥ mul sion extracted three tines with nethyl ene chlori de.
The conbi ned organic |ayers were washed with water, brine, dried over
magnesi unPepirhtivrecf ActNleiGyclo(ispdiys)- Aprdie{D)RHek Ang-Tp I §s-NH,Cr ude oil whi ch was
purified by colum chromatography (eluted with 1 3 5 4 8% 28 February 2005
WD 027 18437 PCTI EP01/ 09630

Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid

Phase synthesis using Protocol 1 described above. All couplings were performed using HBTU in

15 DMF as the coupling agent and DIPEA (3 equiv.) as base. Seven coupling cycles were performed
of one cycle each with Fmoc-Lys (Boc) (565 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol},
Fmoc-Trp (520 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-Arg (Pmc) (800 mg, 1.2
mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) and HBTU (452 mg,
1.2 mmol), Fmoc-His (Trt) (600 mg 1.2 mmol) and HBTU (452 mg, 0.6 mmol), Fmoc-Asp

20 (OBut) (500 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-Nle (430, 1.2 mmol) and
HBTU (452 mg, 1.2 mmol). The peptide resin was carried through steps 1 - 5 of protocol 1,
washed with CH;Cl (three times) and treated with 1 rmL acetic anhydride in 6%
DIPEA/CH2Cl for 30 rinutes. The resin was filtered and washed successively with 50 ml each
of CHyClg (two times), isopropanol, and CHyCly (three times). The resin was dried under

25  vacuum to yield 1.2 g of Ac-Heptapeptide resin. The Ac-heptapeptide resin was treated with 100



- 128 net hanol / net hyl ene chl ori de) to give T
Frnoc- 1- ami no- 4-trans-cycl ohexyl cycl ohexane-1 - carboxyl i28 Februwhry 28 ng, 10%
yield for two steps). HRVE (FAB): C2sH34NO4 (M+H) cal c. 448.2488;

" observed: 448 2497. 5 EXAMPLE 26 Preparation of

Fnoc- | -am ng; ﬁsg?phenyl cycl ohexane-| - car boxylic acid (E@gﬁp PG OH) Step
1. FFF A m xture of 4, 4-di phenyl cycl ohexanone (prepared ydrogenatl on of
- 4,4 10 di phenyl cycl ohexenone accordi n@p&-o0 t he -procedures of Freeman, P.K
et.al. 1. Og. Chem 1989, 54,6782-789) (1.55 g, 6.19 nmmole), potassium
cyani de ( Gll%hagled@l@mw @}us?th}isrﬂﬁdn 2L eaistlenatido (ril tﬁﬂucgpacet?c dsidratmodon) |

ethanol ( m sure
fl ask vvas4E %‘I@ﬁgl 0C m% at %?&r&f?ﬁ;ou?%“ﬁ er cogﬁl ng%gﬁ% oom
t enper at urRé‘wMi*&fd iphpifled ethyl ether. it piseipitates weme @ntrlfegm'éﬂleaﬂudﬂs!er rred at

room t enpeieainiéd® The resfiut APV BhLS wilOMo Sr thie: \’ﬁdrﬁé’s %}'EtQO afll gec@dtﬁﬂlg/scwna%tg ave
hydantoi n FFF (1.89 95% yi el d) as a white solid. (Dl

810. 57 p1Krudslivgar progct wes dzigd (upckr vabmado yieldRE) mgpf @roofﬁwbﬁe (o!;dﬂhemudphenw ).
LRVE ( El eGlep@ShaA%ibijeded ! %ﬁﬁg&g g&u Qbserved: 319 (MH. Step 2:
FFF 20 A 'm xture o hydant oi n FFF (1 88 g, 5.87 rrrml e), (harium hydr oxi de
nonohydr at e (5 60 29. 6 mmol e) and wat er 8100 too dilute!) in a

seal ed, thick %W@Q%F@@sb@@rpméﬂsmaémmﬁ 250l o4 DMFs 69T of Phempetliybr 2

days. Mor enGpholiHEviY didd slRvERe 18 of 20590 9ng ABOP WHIRARY atiBfhe 28
February. 20Q05. WO 02/18437_ PCT/ ’?ﬁg -129 added and the m xture was

heat ed i n <% @?}E‘Qﬁslm%’éiﬁt’ﬁdﬂ’&fﬁpéﬁo frslizagion yrecompleted within }8-24 hguss. was

cooled1ibo lnmimf’wewpﬁﬁﬁiddé&to sopithl dedctitln, IDMF widtvapdisiedh vabhusn) hhdithie Gesdliéihg
whi | e bein .rLed Vi %g%l%%) he suspension was stirred in a boiling
wat er bath .w urhoua?g & IL to roomtenperature.. The white
suspensi on vvas filtered and the precipitates rinsed with water. 5 The

conbi ned fil t KBiseTudsgyaia Sisterigvaspruafied b praperativaddPLGon a¥pdic Cas-colgmn 2.5
Neut r-al i zat20@m)whd Buted with a linear gradient 0f 20-60% B (buffer A: 0.1% TFA/H,0, buffer B: 0.1%

TFA/CH3CN) in 90 min., flow rate 8 ml/min, detection 280 nm. The main peak was cut by

15 analytical HPLC analysis of collected fractions, pooled and lyophilized to yicld 60 mg (15 %) of a
white, amorphous powder. This compound was homogeneous by HPLC. LR-Electrospray
CsoHgoN1509 cal: 1024 observed: m/z (1025 M+H).

b S

EXAMPLE 31

20 Preparation of Penta-cyclo(Asp-Lys)-Asp-Apc-(D)Phe-Arg-Trp-Eys-NH;

Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid
phase synthesis using Protocol 1 described above. All couplings were performed using HBTU in
DMF as the coupling agent and DIPEA (3 equiv.) as base. Six coupling cycles were performed of



concentrat ed amoni um hydroxi de sol uti on gave white precipitates which were
filtered, washed with water and dried in vacuo over ni @tFebouayy 280%r ude
1- am no- 4, 4-di phenyl ¢' cl ohexane-1- carboxylic acid (0.52 g, 30%vyield) as a
white solid. LRVS (El ectrospray): Cl9H21NO2, calc. 295; observed: 294

(MH), 296 {(AMhseztO Step 3: NH2 \/ G 3--r OH OH NHFnoOopdppfyfidess Ur e of
crude 1-am no-4, 4-di phenyl cycl ohexane- 1-carboxylic acid 5510 ng, 1.73

" mmol e), -triethylamne (0.37 m, 2.65 HWfole), 9-#l uorenyl znet hyl

succi ni m dyl carbanate_(Fnpc- 880 , 61 |.e)_in acetonitrile (25
m) and mé%‘gf‘y‘%ﬁ‘%rﬂ"fh Eégggﬁ(ﬁgizﬁﬁé% ba"%mé%%liéfur@a%mi%&i Fmoc (
anfiljysigsf fifrp(m nﬁga.at:ﬁzlﬁd) baitiiL Bmgfjtzkﬁgel.pmamaﬁdggmwmt)i(a@ HRUShabl) i’im’ ?g
acid. 9- CCinNi, M a nat etonjtrile
o) Cer e SHOEBRUIAS RG | SHERP LI RRE[BORG Fa bedd) IRRHBRS BT R L

anot her ZMdbrfénOleh& (Paltmg 18 mmoﬁ s HETWES2 oaga 8 8mimal), dehacrisp §0Br) (5001 enove
most of 5t hg, 366490 bkd hﬁmﬁ@sz%%ng%a).%dggﬁﬁaé Rsin %Q%aﬁ%%ﬂ%ﬁﬁﬁ

( hc acid
sol uti on, whi te enul si o ree times wth et %téﬂs.acetate.

dth
The. Conb; F6 PERRrEhboveRiEI SHE GHaCk: (ThiehBacY s e bwith bRl felerieraigiridnas

sodi um sulgh ' | t ' - Qo i was
ur i 116 by oo a2 bt Sy B RS o A P gty it 20

met hanol | wechpfiCEhElrlivo tind®) isapropgholeand GiiaQl? firrasdines) The resin was dried under
di phenyl c e /b i d 350 ng, 39%yield) as a white solid.
HRVS ( FABg(’:géu%%ﬁ'mg?ﬁ%ﬁ%ﬁﬁ%&%%ﬁéﬂ%l; observed: 518.231 28 February
2005 WD 02/ 18437 PCTI EPOL/ 09634 -130 EXAMPLE 27 Preparation of
Froc- | 1@&ni no- Fh¢ Pentd-hexapeptide cgsthobes tasted it 0hixsthiredaltold 100foc  Abc- OH)
dimethylsulfide, 250 pL anisole, and 10 mL trifluoroacetic acid at room temperature for 180 min,
The resin was filtered off, washed with ~2 ml TFA and the filtrates precipitated in chilled ethyl
ether. The precipitates were centrifuged and the ether layer decanted. The residue was washed

with two or three volumes of EtyO and recentrifuged and the crude linear product was dried

15  under vacuum to yield 220 mg of an off-white solid. The crude peptide was subjected to
cyclization without purification. 220 mg of the crude linear peptides was dissolved in 220 ml of
DMF, 500 uL of N-methyl morpholine was added to have an apparent pH of 8.0. 280 mg of
BOP was added and the cyclization was monitored by HPLC. Typically the cyclization was
completed within 18-24 hours. 10 ml of water was added to stop the reaction, DMFE was

20 evaporated in vacuam, and the resulting reaction mixture was purified by HPLC.

This crude cyclic material was purified by preparative HPLC on a Vydac C18-column (2.5
x 20 cm) and eluted with a linear gradient of 20-60% B (buffer A: 0.1% TFA/H;O, buffer B: 0.1%
TEA/CH3CN) in 90 min., flow rate 8 ml/min, detection 280 nm. The main peak was cut by
analytical HPLC analysis of collected fractions, pooled and Iyophilized to yield 53 mg (13%) ofa
25 white, amorphous powder. This compound was homogeneous by HPLC. LR-Electrospray
CssH73N1205 cal: 1017 observed: m/z (1018 M+H).



Step 1: >=0 OM GGG 5 A mxture of 4-t-butylcycl ohexa 2.0 13.0
mol e), potassiumcyanide (1.27 g, 19.5 xnnole), anun%%ﬂ:etﬁﬂgwggﬁat e (7.48
g, 77.8 mmole), ethanol (60 m) and water (12 m) in a sealed, thick
wal | ed pressure flask was heated in a 80C oil bath for 15 hours. After
cooling to whQoMmdbenperature, the white slurry was pouregc,iy?f,ﬁm;&@-water
and stirred at roomtenperature for a couple of hours. Filtration gave
hydantoin GGG (2.78 g, 96%yield) as-&8wshite solid which 10 was used in the
next step rude. 'H NVR (DMSO-d6) S 10.52 (1H, broad, NH), 8.50 (IH,
broad s, o (9H, s, t-Bu). Step 2: NH2 CO2H H GGG A m xture of
hydantoin GGG (2.78 g, 12.4 mol e), barium hydroxi de nonohydrate is (11.74
g, 62.0 mitedpajatian df PaitetyddfQsprllys)-Asp-ApsS DiPhetArd-(P)NK-IWaNEBd pressure flask
was heated in a 120C oil bath for 2 days. The reaction m xture was cool ed
to roomtenperature, acidified to pH 3 using.4N sul furj, acid while being
stirred vigorously. The suspension was stirred.i I N ng water bath for
one hour and cool ed to room tgenper at : e white sugpensyon was filtered
and the precipitates rinsed w wat er. The conbi ned | t#at e and washi ngs
were 20 concentrated in vacug/to - 30 nl utrali ni\w t h concentrat ed
amoni um hydr oxi de sol uti onfgave whiteg Chpi tate I adh were filtered,
washed with water and,dried vacu ovepni fiht tfo give
ohdxatet=Nanpoxy| rexavyd_ (2110ng, 85% yi el d) as

1-am no-4-trans-t-buty
a white solid. 28 February 2005 2/ 1 37T31
N
N)\N

Fmoc-Linker-BHA resin {720 mg, 0.4 mmol) from Example 29 were subjected to solid
5  phase synthesis using Protocol 1 described above. All couplings were performed using HBTU in
DMF as the coupling agent and DIPEA (3 equiv.) as base. Six coupling cycles were performed of
one cycle each with Fmoc-Lys (Boc) (565 mg, 1.2 mmol} and HBTU (452 mg, 1.2 mmol), Fmoc-
(2)Nal (530 mg, 1.2 mmol} and HBTU (452 mg, 1.2. mmol), Fmoc-Arg (Pmc) (800 mg, 1.2
mmol} and HBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) and HBTU (452 mg,
- 10 1.2 mmol), Fmoc-Apc (550 mg 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-Asp (OBut)
(500 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol). The peptide resin was carried through
steps 1 - 5 of protocol 1, washed with CH2Cly (three times) and treated with 2 ml. valeric
anhydride in 6% DIPEA/CH,Cly for 30 minutes. The resin was filtered and washed successively
with 50 ml each of CH2Cly (two times), isopropanol, and CH2Cl (three times). The resin was
15  dried under vacuum to yield 1.1 g of Pentyl-hexapeptide resin.

The Pentyl-hexapeptide resin was treated with 100 pL ethanedithiol, 100 uL
dimethylsulfide, 250 L. anisole, and 10 mL trifluoroacetic acid at room temperature for 180 min.
The resin was filtered off, washed with ~2 ml TFA and the filtrates precipitated in chilled ethyl
ether, The precipitates were centrifuged and the ether layer decanted. The residue was washed
20 with two or three volumes of Ety0 and recentrifuged and the crude linear product was dried

under vacuum to yield 220 mg of an off-white solid. The crude peptide was subjected to
cyclization without purification,



">11cl e NH2 NHFnbo "CO2H CO2H 5 A mixture of crude

1- ami no- 4-trans-t-butyl cycl ohexy4- 1- car boxyl i c acid (228dapruasy 3305 mp| ),
9-fl uorenyhnet hyl succini m dyl carbonate (Frnmoc-OSu, 6.33 g, 7.20 mmole) in
di oxane (150 m) and 10% sodi um carbonate solution (120 m) was stirred at
room t enper r 24 hours. The reaction m xture was ted in
vacuo to re%\bbéﬁ%égt of the dioxane, acidified to pH -3P§f@ﬁﬁ§k{3 Cl1, and
the white enul sion extracted twi ce wil3h-net hyl ene chl oride. The to conbi ned
organic | ayers were washed with water, brine, dried over magnesi um sul fate.
Filtration andOcugaidharadelineargaptideawar didelvetin ek mhef IPMIF] 300gd, df ¥-methiim

chromat o . t | 4 -> 500.get hanol / | eng ,chl orjde) to

gi ve Fmg%hég{v%-atﬁg%ﬁlﬁgp%& “%ﬁ?’ifﬁr%%’?lo‘(ﬁ xXane- I@%gﬁﬁo@p’ﬁ a?dﬁdg@gt%el. )42 g,
32% yi el dyydirgivswarng)itorayiBM T ypiMilifthestlizations 2R codsletedotithir Lee2hot2? . 23
15 EXAMPL VE 25 - i - .

trypt opha? Eiii?ggﬁgﬁ\; Q%ddﬁ/gtﬁft%ﬁﬁﬁ/ees%)&ll'@gg g—bﬁ*% 8‘% g%ng%&?ﬁ Q%{““%z ﬂ‘%gﬁs'ﬂ/&%g HHH
To a sl ufFPEIPTIRxtargRs per B lic acid (15.0 g, 0.08 nole) in 350 nlL of
dry THE at -78 C was slowy added 125 niL of 1.6 Mn-BttxLi in hexane. The
resul ting susPensuderydisnastriat wascusified byr@efardtive HPLITron alViglac C28-8ktutih (DR

of t-nesit f ] . ' 21, o I | f dry THE
was sl ow XEQ%Z%J@%%d%@%%eﬁ%é&&mé?%g%ﬂ}f?g%?@r%%h%| rre ’%\‘/’g%fﬁ?'gﬂt&". The
m xture &B@%QN%@%M-:@@WWQ&wmwa@waﬂ@m-%bmahquwwyers wer e
separ at edagificil BPLAGHARASOf HIRYEY &mngﬁaaf&ﬁﬂ@hh&e{{o?ﬁﬁg 8? @12 rgf@%%ﬁed

organic |layer was_ dried over_ sodium sulfate. nova ts gave 14.1

g of clPud¥it gRopbonsagwiss dhistamraertvasbemosmepnsby HRIC, IR-ERgtsPB Febr uary
2005 5 WOCQPI;NSAR éal: 1028 observed: m/z (1029 M+H).

EXAMPLE 33

Preparation of Penta-cyclo(Asp-Lys)-Asp-Apc-(D)Phe-Arg-N-methyl(2)Nal-Lys-NH,

15

Fmoc-Linker-BHA resin (720 mg, 04 mmol) from Example 29 were subjected to solid
phase synthesis using Protocol 1 described above, All couplings were performed using HBTU in
DMEF as the coupling agent and DIPEA (3 equiv.) as base. Two coupling cycles were performed
of one cycle each with Fmoc-Lys (Boc) (565 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol),

20 Fmoc-(2)Nal (530 mg, 1.2 mmol) and HBTU (452 mg, 1.2. mmuol).

After Fmoc removal from 2-Nal residue, the resulting amine was converted to its 2-
nitrobenzene sulfonyl derivative using 2-nitrobenzenesulfonyl chloride (5 eq., 426 mg, 1.93
mmol) and DIPEA (5 eq.) as the base in DMFE, Washings were performed using DMF (6 x 30
ml) followed by CH2Cly (3 x 30 ml) @d the resin was dried under vacuum. The sulfonamide



PCT/ EPO1109630 -132- further purification. 'H NVR anal ysis indicates that

it contains 2.8 g of 2-nesitylenesulfonic acid. 'H NViRSFEbeaEy 2805 57 (s,

1H), 7.42 (d, 1H), 7.15-7.30 (m 3H), 7.02 (s, 2H), 6.54 (d, 1H), 6.36 (d,
1H), 2.52 (s, 9H), 2.30 (s, 3H. Step 2: HHH To a solution of

N 2- rresityl nyl -trans-3-indol earylic acid (3. 26 g é I n

140 nmL of drye"?ﬁgj'P -78 C were added 3.7 nL (3 equiv.) ?18@%1% | ani i ne
and 2.17 mL (2 equiv.) of Me3CO001.-T0e resul-ting m xture was stirred at
-78 Cfor 15 mn, and at 0O Cfor 1.5 hr. The m xture was cool ed down to

-78 C, t o°hinnedwarssbisdedte Betbylatononing téphienvipuisphing(51q. ebasd, S3mieel).dded a
mxture ON-ifthpd;RleRKag: PXaZ Y0b B NA5 A0S ol Blthhadi P51 860 2088 S8 1Y

addi ng 11
(R) - 4- phetyTHB.- Wxﬁmmqmrferql@h&mg@m (6236 mihiollesyediby CHp Gt (S0f 30cnly adidHE  at

o8 Q) L ERYAE B SARRHh fer il S i ML U R s RS Lo Bhea {8 0T 2

~hr, and at overni ifon was quen
sol uti on Q&Gﬁhzmaydo%uﬂﬁ undsreiale (Béq.f 178 pby gEThRol (l-wefthSrokthanod (54,135 he
aqueous resi duye wa]S 15 extracted with Et OAc.. The conbi ned organic¢c | ayer was

dried ovelldodi i Pt Washy ?‘éI‘EfPBﬁf‘%IPPGd ugingRME(P 6P s isapiepapol f
product WhilFBIVRE by efh ré@a CELN) ﬁs&*ﬂhé&%ﬂ%ﬁéc&ﬂ:ﬂ%ﬁb&m&ﬁhﬂw %ﬁm?- 1:4)

t t light b 63‘V I d 86
EﬁegwﬁspF@f&%ﬁé’gmﬁe@ 0 g OBl onf T MO ARBRS 333 To
a mxtur e(&ﬂf}n‘@,JBZ nﬁmﬂ&:(cxl{sm}g4sz4ng)8.2mb1¢,)1=nwac{D5Phﬁ{4stfmg,l 1Ehiyl) a6dl fide in
sti rri o PETO G 1 2qeh, BB0e a1 ipo s MBSO R R W S0 o
THE was aB@e@AsprﬂQBm)e@Qﬂ) mignt2 minxdlLemed RBED (452 imgy b2l naol). ATHE pépjide}:eshrwasand at
rt for 6 Bhse gl:él I'ﬁﬁoftlﬂ?otoz:ﬁ ICWasﬁé?l %HPC@(),(I @t’kfeg‘ﬁﬁt?&s)aQQ%at%d

February 2005 WO 18437 nmol e ronmosuccl Nt m e |n 15
mL of drymhM WMQ}P@%@E?E@@@HI% fca:t30 118utS. The resin was filtered and washed

successively with 50 ml each of CHCl; (two times), isopropanol, and CH2Cly (three times).
15  The resin was dried under vacuum to yield 1.2 g of Pentyl-hexapeptide resin.

The Pentyl-hexapeptide resin was treated with 100 pL ethanedithiol, 100 pL

dimethylsulfide, 250 pL anisole, and 10 ml trifluoroacetic acid at room temperature for 180 min.

The resin was filtered off, washed with ~2 ml TFA and the filtrates precipitated in chilled ethyl

ether. The precipitates were centrifuged and the ether layer decanted. The residue was washed
20 with two or three volumes of EtyO and recentrifuged and the crude linear product was dried

under vacuum to yield 235 mg of an off-white solid. The crude peptide was subjected to
cyclization without purification.

235 mg of the crude linear peptides was dissolved in 220 ml of DMF, 500 uL of N-methyl
morpholine was added to have an apparent pH of 8.0. 280 mg of BOP was added and the
25  cyclization was monitored by HPLC. Typically the cyclization was completed within 18-24 hours.
10 ml of water was added to stop the reaction, DMF was evaporated in vacuum; and the resulting
reaction mixture was purified by HPLC.

This crude cyclic material was purified by preparative HPLC on a Vydac C18-column (2.5
%20 cm) and eluted with a linear gradient 0f 20-60% B (buffer A: 0.1% TEA/E;O, buffer B: 0.1%
30 TRA/CH;CN) in 90 min., flow rate 8 ml/min, detectioh 280 nm. The main peak was cut by
analytical HPLC analysis of collected fractions, pooled and lyophilized to yield 43 mg (10 %) of a
white, amorphous powder. This compound was homogeneous by HPLC. LR—Electrospray
C57H75N1103 cal: 1042 observed: m/z (1043 M+H).



for 30 mn, and at rt overnight. The m xture was pouregs\tﬁg 100 geg)SOf brine,
~and extracted with EtOAc (2x100 mL). The organic |aye E”‘@H over
sodium sulfate. Filtration and concentrati on’gave a crude product which was
purified by a flash chromat ography 5 (Et OAc/ hexane, 1:4) to give the
product JJJwaszhgdht brown gumin 46%yield (0.77 g). 1HpMNVErorlobesh-13) 8
7.63 (d, 1H), 7.47 (s, 1H, 7.20-7.37 (m 8H), 6.98 (s, 2H), 6.16 (d, 1H),
5.13 (dd, 1H), 4.49 (t, IH), 4.17 (ddi4tH), 3.75 (dt,1H), 2.54 (s, 9H), 2.31
(s, 3H),1.59 (d, 3H). Step 4: Br ~I NNal Ph Iles 10 The above brom de
JJJ (0.72 g,1.18 nmmole) was m xed with tetra-n-butylamonium azide (1.68
g, 5.9 miole) and sodium azide (77 ng, 1.18 mmole) in 10 nL of
acetonitrBEXAMBIEB4 stirred at rt for 6 hr. The m xture poured to 100 nlL of
NHACl1 aqueous sol ution and extracted wth EtOAc (2x100 nlL). The organic

crude pr odee iR EFOyARACE LIS i i WU RIDRI A BEERLRL | 07 O2ve
(Et OAc/ CH2C 21hexane, 1:2:5) to give the product ?KK as |ight brown gumin

 82%yield (0.55 g). 1H NMR (CDC13) 8 7.65 ), 7.59 (s, 1H),
7.18-7.29 (m 8H), 6.90 (s, 2H), (dd 1), 4.78 (t, 1H),
1

4.35 (dd, 1H), 3.62 (quntet, ~2 43 OH) N2( , 3H),1.28 (d, 3H).
Step 5: PCT/EP01109630 Of f { ~JJJ @

m xture of the above azi dg KKK (ﬁ. 5 g,\ﬁ.\% mol e

(12 N N/\[( :

20 KKK LLL To a
water (4 nlL) and THE

v 5 Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid
phase synthesis using Protocol 1 described above. All couplings were performed using HBTU in
DMF as the coupling agent and DIPEA (3 equiv.) asbase. Six coupling cycles were performed of
one cycle each with Fmoc-Lys (Boc) (565 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-
Trp (520 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-Arg (Pmc) (800 mg, 1.2 mmol)
10 and HBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) and HBTU (452 mg, 1.2
) mmol), Fmoc-Apc (550 mg 1.2 mmol) and HBTU (452 mg, 0.6 mmol), Succinic anhydride (600
mg, 6 mmol) in DMF with 1.1 mi of DIPEA, |

The resin was filtered and washed successively with 50 ml each of CH2Cl (two times),
isopropanol, and CH)Cly (three times). The resin was dried under vacuum to yield 1.0g

15 Pentapetide resin. The pentapeptide resin was treated with 100 pL ethanedithiol, 100 uL

dimethylsulfide, 250 uL anisole, and 10 mL trifluoroacetic acid at room temperature for 180 min.
The resin was filtered off, washed with ~2 ml TFA and the filtxates precipitated in chilled ethyl
ether. The precipitates were centrifuged and the ether layer decanted. The residue was washed
with two or three volumes of EtyO and recentrifuged and the crude 1 product was dried under

20 vacuum to yield 220 mg of an off-white solid. The crude peptide was subjected to cyclization
without purification. '

220 mg of the crude linear peptides was dissolved in 220 ml of DMF, 500 uL of N-methyl
morpholine was added to have an apparent pH of 8.0. 280 mg of BOP was added and the
cyclization was monitored by HPLC. Typically the cyclization was completed within 18-24 hours. .



‘nl) at 0 Cwas added 0.65 ni of 30% H202, then added 4 Ty Lv.) of
LIOHin 1 nL water. The resulting m xture was stirredégt g%rf%ﬁ% hr. The
reacti on was quenched with 28 February 2005 WO 02/ 18437 -134 PCTI EP01109630
Na2SC3 (1 g) in 6 nL water. The mi xture was stirred at rt for additional 30

mn. After wmaowmuadsy of the organic solvent, the aqueous s$ekrabdiRskyas
diluted with 10 nL of saturated NaHCO3 solution and extracted with Et QAc

(2x30 nml). Filtration and concentrati¥®a-gave a crude product which was
purified | gsh chr. t ogr gphy (HOAc/ MeOH Et OAc, 1: 10: 100) to give 5 the
pr oduct: Lﬂ?é Higg‘ﬁ?aff‘-‘%m iaﬂ%ggﬁﬁgﬂﬁq%ﬁé@% DM wps erpperptesh in vequnpm, add thezesiltne
C21H2z NA 048 ctigmnixtd? as wivified yeHPLOY z 425 (MH). Step 6: N - \/ -N Mes Mes
LLL 10 The above azido acid LLL (0.34 g, 0.8 mvle) was dissolved in 20 nL
of net hanol . ' ‘M@ﬁwﬁé 0% arbaon he
resulting m X?ﬁﬁgﬁ&ﬁgﬁ@%#ﬂe@% at™ rt QEﬂ%%ga(}ﬂE}Q é#‘%ognf&fggl%cﬁ%nﬁ' er
filtratioff23nen aeshd@ad with p lpear gradientof g-600a B (binfies & 039 TRA/H O Miuffard: 84%v ent
gf TH:E §1ZFMO§@MM@?ZE?QWM8%MH%£E&TZ#O%MFWW(254 g,
mmol e) an = OSu B _mol e). resyl ting m xture was
stirred atmgwcggﬁ% 518 3@@?%‘1%&“%«?&2’1361?@0@@253{%%@%%%) ofa| ution
and ext r acthie awiorphokt @Awdet. ZRi8OcamponndivhsthioaidgeroushyH PN daEkafdspray gave a

crude pro h Chy. LA ] | ash chr omat ogr aphy

( HOAc/ I\/EO%'?B%%’X@?Q%]? Eﬁsé@@%% Jnfzg(égi?\%}phe product 3S, 2S-Fnoc-(L)-beta
methy (Nin-Mes) tryptophan as off-white solid in 50%yield (0.25 g).

LR- El ectrospray: C36H34N206S, cal: 622 observed: mz 621 (MH. 20 EXAMPLE
29 Preparation of Fnoc-Linker-BHA Resin, Benzhydryl am ne copol ystyrene-10/6

di vi nyhbe BEXaMPIERSSS- | i nked resin (10.0 g, 9.3 nequiv, 100-

Preparation of Cyclo(maleic acid-Lys)-maleic acid-Apc-(D)Phe-Arg-Trp-Lys-NH;

Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid
phase synthesis using Protocol 1 described above. All couplings were performed using HBTU in
15 DMF as the coupling agent and DIPEA (3 equiv.) as base. Six coupling cycles were performed of
one cycle each with Fmoc-Lys (Boc) (565 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-
Trp (520 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-Arg (Pmc) (800 mg, 1.2 mmol)
and HBTU {452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) and HBTU (452 mg, 1.2
mmol), Fmoc-Apc (550 mg 1.2 mmol) and HBTU (452 mg, 0.6 mmol), Maleic anhydride (600
20 mg, 6 mmol) in DMF with the addtion of HOBT (800 mg, 6 mmol), without DIPEA. The resin
was filtered and washed successively with 50 ml eagh of CH2Cl (two times), isopropanol, and
CH2Cly (three times). The resin was dried under vacutim to yield 1.0 g Pentapetide resin. The
‘pentapeptide resin was treated with 100 pL ethanedithiol, 100 uL dimethylsulfide, 250 pL

anisole, and 10 ml trifluoroacetic acid at room temperature for 180 min. The resin was filtered
25  off, washed with ~2 ml TFA and the filtrates precipitated in chilled ethyl ether. The precipitates




100 200 ASTM nesh, Advanced ChemTech) was swel led in 1%%%_1! 9&%%
filtered and vvashed 25 successively with 100 nil each Yo

Dl PEAI CH2C 2 (two tines), CH2Cl2 (two tines): The resin was treated with
p-.[(R S)-a-[1-(9Hfl uoren-9-yl)-nethoxyformam do]-2,4 28 February 2005 WO
02/ 18437 PCWdaRA34399630 - 135 di met hoxybenzyl ] - phenoxyacetplcg/rasiloskse
(Frnoc-Linker) (7.01 g, 13.0 mole), N hydroxybenzotriazole (2.16 g, 16.0
mml e), and dii sopropyl car bodiim de (2404 m, -13.0 nenol) in 100 nL 25%
DVF/ CH2C12 for 2: qur m tenperature. The resin was filtered and
washed sué‘@é%???’i‘!‘%‘? Vs #‘efﬁhfr er dscanteds Tegaptidue wasasher with fwo orgbise opanol

(two ti megplunidhet Et5Oand régkieikiged dri tecriiig Fr6duct fadBteaRndvalmar b ieanabysi s

was negative.. The resin was dried under vacuumto yield 16.12 § of
Frioc- Li nk&R&Hapo é’%]FW solid. The crudeipeptide wassubjecsed-to cacligation)withaut pusifibitient ed t o

Fnoc deprotection and quantitative UV analysis indicated a | oading of 0.56
mol | g. 10 EXSuRhEofA8e BidpPBh@} p@ides was dlssolvedmZZOnﬂofDMF 500 pl, ofl\{(methﬁl'_'A
LI nker -

of Ac- Nl e- Oycl o(As Asp- Hi s- (D)P e- Fnoc
Cesin (5208 ﬁrwﬁl‘?ﬂ Bk FEARATL301 G A8 EBOBars sdebinddbe phase
synt hesi s c@zmnﬁvaaﬁmﬁbreabﬁlmm 'Dﬁﬁjcaﬂijhﬂé’ cliZdtibn GR4RInt Mﬁﬁ@lﬂoﬁﬁdﬁﬂmd

usi ng HBT he, ¢ t and DI P 3 equi as, base.
Seven cou??ﬁgf%%%ﬁ% a@é‘?‘fe P ?%efrﬁ%c&gn’gﬂ%g?@s FgRqrate ‘é’c‘%‘:%“i » A ECSEI%S ( Boc)
(565 ny, Ieaptiommixuraweds piBifledpdEPLCUg, 1.2 mmol ), .Froc-Trp (520 ng, 1.2
mol ) and HBTU (452 ng, 1.2 mml), Fnoc-Arg (Pnt) (800 ng, 1.2 nmmol) and

12 ol ) 1 e oo ke matFil e bt of B p it HELCTRRY Yl inh (o8,

1.2 o P )

Frroc %D"p) 565 E‘&Eﬁ‘ﬂjﬁg‘g ‘%)‘fg r SIZEWBF 9f 2916%@@@4%9 lﬁiTwH rbnﬁer)B OHﬁoc N e

§ﬁ30 1h2 FYEMCHSGMmMBﬁh,(ﬂWmmmIM 8ai@tidn 28018n PRI S Jaﬁﬁﬁsrlzut‘i‘@;? ;ia”'ded
rough s ree tines) an

t r eat gd W §E] fh&[’ LR anﬁ?ﬁ%ﬁted CF?PSGB?"E%F‘]%&P%@HOé"gas%@gﬂlr@t‘gé The

resin: \NasWhJIt%PJ@PEleHﬁBbW\éﬂsh'éhfs quuzesd weehomogetdousby HPL@aklb Eleafosfia? Cl 2 (two

tines), ig Hr@gl@;%l : 9 R Bbdebi gz (( inmes). The resin was dried under 25
vacuumto %lg 2 g of Ac- mé“%épg% %Iéﬁrem n. The Ac-heptapeptide resin

was tr%ated with 100

EXAMPLE 36

Preparation of Cyclo(phthalic acid-Lys)-phthalic acid-Apc- (D)Phe-Arg-Trp-Lys-NH,

Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid
20 phase synthesis using Protocol 1 described above. All coup}mgs were performed using HBTU in
 DMF as the coupling agent and DIPEA (3 equiv.) as base Six coupling cycles were performed of
one cycle each with Fmoc-Lys (Boc) (565 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-
Trp (520 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-Arg (Pmc) (800 mg, 1.2 mmol)
and HBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) and HBTU (452 mg, 1.2



28 February 2005 WD 02/ 18437 PCT/ EPOL/ 09630 - 136 t|L ety Fﬂé§‘665 100 AL

di ethylsulfide, 250 pL anisole, and 10 nL trlfluoroacetlc aC|d at room
tenperature for 180 mn. The resin was filtered off, washed with -2 m TFA
and the filtrates precipitated in chilled ethyl ether. The precipitates
were centriwogedssand the ether |ayer decanted. The resi dggemagsa@shed with
two or three volunes of Et20 and recentrifuged and the 5 crude |inear
product was dried under vacuumto yidid4-250 ng of an off-white solid. The

crude e_was ,su cte ycl n_w t hout ur [figation, 250 ng of
the cr ude%?‘:\“ﬂhg’ﬁ“’ﬁe’*&f?@e’%ﬁ% g?&fim 55815, M TR thafipahydridsr (66
N- net hyl mpof phoel) in@MBwithdded of DIFEAVE an appar ent pH of 8.0. 300 ny of BOP
was added and the «cyclization was nonitored by HPLC. Typically the

cyc i zati on vess 68Tk alReMbl Haihed 82BN scbfh 40k BF CRLONRL Bl added

to stop the reaction, was evaporated in vacuum an I’'ng
reaction iPrepnelwad Cbhﬂzf (ithaek thyesHAhEresifitvas ddedgdes yarhiinn wrmaldrllogl was
purified repar a,tl HPLC on, a Wdac C18-col umm 20 cm) "and
ol Ut ed ?#t < RMEREPHE oot GO e m#wwtﬁe editbivE B0, b f er

B: 0.1% 25@ gﬁgm%l& and 1d awus@&o@oaﬁf dedi oom .:g;fg}dene %)?Qquﬂn The

mai n peak vvas cut anal ytical HPLC analysis o cte act1ons,

pool ed andh¢ spEnMes ﬂt"é@ﬂ off Wi‘i‘béﬂ wits o2 md T@&w%he(ﬂﬁﬁes Rmmlt&tedanrdlwl powder .
Thi s corrpaﬁadm@ 1B FREEREE EhitrilpeiRh the leffeHla RS 4 OB RIIA  he féﬂﬁ!@&éﬁ%@l%dc al:

I%’gﬁ?aogig it %@fg’égﬂ’%sé\)@_')m SCERFE“gF%lﬁn R glt?éﬁg‘g’l_‘??ﬁﬁ@?dw resin
(720 n, OaCﬂ'lll‘H%BdeQ@m X AR Ghitdso r’&e%H.fH %Sétﬁﬁ 1&39511%24«# ngﬁﬁzagbxa én}_lg_era' S

usi ng Protgcol escri bed above. cou wer e per
in DV a%" ‘H’éP F‘P?rg agent and DI PEA (3 equiv.) as base. Si x coupling
cycles were performed of 28 February 2005 WD 02/ 18437 PCTI EPO1L109630 -137

one cycle eachp MgtdifﬂfefBB@deUMSar PBRes wRkfssiPed ih 220 ﬂammmnsbold@wmﬁ&% ng, 1.2
mrol ) ; Froc- . T, “%‘5%36 2 xmol ) an HBTU (452 rgp 1) Frmc Arg
(Prc) (808 oﬁjg qrt%%o have an apparent pH of 8.0, 280 mg of BOP was added and the
cyclization was monitored by HPLC. Typically the cyclization was completed within 18-24 hours.
15 10 ml of water was added to stop the reaction, DMF was evaporated in vacuum, and the resulting
reaction mixture was purified by HPLC,

This crude cyclic material was purified by preparative HPL.C on a Vydac C18-column (2.5
X 20 cm) and eluted with a linear gradient of 20-60% B (buffer A: 0.1% TFA/H,0, buffer B: 0.1%
TFA/CH;CN) in 90 min., flow rate 8 ml/min, detection 280 nm. The main peak was cut by
20 analytical HPLC analysis of collected fractions, pooled and lyophilized to yield 35 mg (10 %) ofa
white, amorphous powder. This compound was homogeneous by HPLC. LR-Electrospray
Cs3HgN11 07 cal: 966 observed: m/z (967 M+H).



and-HBTU (452 ng, 1. 2 nlnDI) Fnoc- (D)Phe (480 ng, 1.2 mml) and HBTU (452
nag, 1.2 amol), Fnoc Apc (550 ng 1.2 mol) and HBTU (2852bagary 2085 mpl ) ,
Froc- Asp (OBut) (500 5 ng, 1.2 nmol) and HBTU (452 ny, 1.2 mmol). The
peptide resin was carried through steps 1- 5 of protocol 1, washed with
CH2C12 (thremdneBs) and treated with 2 nlL val eri ¢ anhydpicg@piines:t%

DI PEAI CH2Cl 2 for 30 mnutes. The resin was filtered and washed successively
with 50 M each of CH2CI2 (two tinmes}454 sopropanol, and CH2Cl 2 (three
tinmes). TQQ%%@E@§§¥BS dried under vacuumto yield 1.0 g of

Pentyl - he resin. 10 The Pentyl - hexapeptide resin was treated with
100 .tL ethanedithiol, 100 pL dinethylsulfide, 250 tL anisole, and 10 nL
tri f 1 uor odreparaionaif Bewth-cyda(Asg-EyhAspOAH G (D)PRO ArgFile- L8 NM, Was filtered
of f, washed with -2 mMl TFA and the filtrates precipitated in chilled ethyl
ether. The precipitates were centrifuged and the ether | gyer decanted. The
resi due was washed wth two or three volu and| recentri fuged and
the crude |inear product was i under vacuu yield 220 ng of an
of f-white solid. The crude pept/i de was s cted cy zation w thout

purification. 220 ng of the crfude Ilnear des dilssol ved i n 220 ni
of DMF, 500 L of N nethyl hollng- d ed tfo hav
NC at

an apparent pH of
8.0. 280 ng of BOP wa d ¥tored by HPLC

Typically the cyclization co ted in 1824 hours. 10 m of water
was added to stop the reaction, was 20 e orated in vacuum and the
resulting reaction m xture was puriXxjed by HPL . This crude cyclic materi al
was purified by preparative HPLC Vydac Ncolunn (28 x 20 cm and

elated with a linear gradient of 20r60%B (buffer A 0.1% TFAI H2O, buffer
B: 0.1% TFAICH3CN) in 90 min., fldwrate 8 nlnin, detection 280 rim The
mai n. peak was cut by analytical HPLC anal ysi s of coIIected fractions,

pool ed and | ybphé-LinkedBHA resine{780 53, GrgmeibBPforo ExanpflE2 vt subjeated toplobd S

c ;r“ezoﬂ%%sw%fw%gpﬁgw K AT oG re iR e ST

PCTI EPOLI 3632 q%lphlamee Eraniniag hase. Six coupling cycles were performed of
of Pent a- cya¢ gicReachlwieh FASHLARBod) BeBhes, AoGndhdl) Ned mThY S (A¥32ng, 1.2 mmol), Fmoc-

Trp (520 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-Arg (Pmc) (800 mg, 1.2 mmol)
and HBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) and HBTU (452 mg, 1.2

. 10 mmol), Fmoc-4-OHApc (565 mg 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Pmoc-Asp (OBut)
(500 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol). The peptide resin was carried through
steps 1 - 5 of protocol 1, washed with CHyCl; (three times) and treated with 2 ml, valeric
anhydride in 6% DIPEA/CH)Cl for 30 minutes. The resin was filtered and washed successively
with 50 ml each of CH2Clp (two times), isopropanol, and CHCly (three times). The resin was

15 dried under vacuum to yield 1.1g of Pentyl-hexapeptide resin.

The Pentyl-hexapeptide resin was treated with 100 L ethanedithiol, 100 pl.

dimethylsulfide, 250 pL anisole, and 10 mL trifluoroacetic acid at room temperature for 180 min.

The resin was filtered off, washed with ~2 ml TFA and the filtrates precipitated in chilled ethyl

ether. The precipitates were centrifuged and the ether layer decanted. The residue was washed
20 with two or three volumes of EtyO and recentrifuged and the crude linear product was dried

under vacuum to yield 225 mg of an off-white solid. The crude peptide was subjected to
cyclization without purification.

225 mg of the crude linear peptides was dissolved in 220 ml of DMF, 500 pl. of N-methyl
morpholine was added to have an apparent pH of 8.0. 280 mg of BOP was added and the



Frmc L| nker-BHA resin (720 ny, 0 4 mml) from Exarrple Zz%ﬂ%lfri'éﬁb cted to
solid 5 phase synthesis using Protocol 1 described above oupl i ngs
were performed using HBTU in DM as the coupling agent and DI PEA (3
“‘equiv.) as base. Six coupling cycles were perforned of one cycle each with
Froc-Lys (Ba®o21882 ng, 1.2 nmmol) and HBTU (452 ng, 1.2 pwadkrorebipc- (2) Nal
(530 ng, 1.2 mmol ) and HBTU (452 ng, 1.2. mmol), Fnoc-Arg (Pnt) (800 ny,
1.2 mol) and HBTU (452 mg, 1.2 nmot346-Fnoc- (D) Phe (480 ny, 1.2 mmol) and

HBTU (452 5 2 mol ) and HBTU (452 ny,
1.2 ol ), %%"toeé %”W @8‘3 %lﬂdﬁ'tgewﬁlmaswrmf cmplstqd jepriny 8- S‘11 boprsmp ) .
- The pepti dénﬂ@@wmeﬂvasad&drmadptﬁe&m@dsh DMP#SEs chapotatéd inRacivas ahd the ravaIsRgd
with CH2C EE%.I Eﬁ% ted W|th2rr1_valer|c anhydride in 6%
Dl PEA/ CH2 %’fg A ﬁ es g’f‘hﬁjﬁéem n was filtered and washed successively
with 50 nil each of. CH2CI 2 (two ti rresi? i sopropanol, and CH2Cl12 (three
times). The r&Bisgrudgsycicmgteridavasprrified brprensretive HAIA) op a Vidag Co$-column (2.5

Pentyl - bexapep)uhd eltch GfthR lindd aa%ﬁwbom%maffér@@owmmm Bulfeh:@qopM th
100 L et hﬁgﬁ%%l %@ di me Isu‘él de, 250 #hgnl sol e, and 10 m L
trifluoro iy f““%n%%f‘?&@% clection 2 SPSE'E WAL Pl s

flh I ItFr gd ahilytioald Plgtanalysis of@ﬂe&ed‘ﬂ%éhm@obhe ahd lybpldlizd tcpyxddlsptﬁﬁa(uﬂd)hcbﬂa I
chilled e the et her |ayer
decant ed. %e 7 esi guepﬁgﬂ%ﬁﬁé%ﬁfg&(?%ﬁvf %@%%%oﬁ%@uﬁrﬁt 20 and
recentri f Gg&tNuwfds ¢ah 0% olgerved: méaf1034 Mkt was dried under vacuumto yield
220 ng of an off-white solid. The crude peptide was subjected to
cyclizagion without purification. 28 February 2005 WO 02/ 18437

PCT/ EPO / 09630 -139 240 ng of the crude |inear peptides was dissolved in
220 m of DMF, 500 L of N-nmethyl norpholine was added to have an apparent
pH of 8.0. 280 ng of BOP was added and the cyclization was nonitored by
HPLC. Typically the cyclization was conpleted within 18-24 hours. 10 ml of
wat er® vvas—géé@&w stop the reaction, DMF was evaporated in vacuum and the
resulting 5 reaction mxture was purified by HPLC. This crude cyclic
materi al  Bepagtibh bf Rahtdyyclp(Apaiyat Aspes MRDE, a@ﬁ’h\a’m i,ﬁsmqg um (2.5 x 20
cn) and eluted with a linear gradient of 50 60% B fer A: 0.1% TFA/ H20,
buffer B: 0.1% TFA/CH3CN) in 90 mn., flowrate 8 rri/mNn detection 280

nm The nmin peak was cut by 3

N

15 Emoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid
phase synthesis using Protocol 1 described above. Al couplings were performed using HBTU in
DMTF as'the coupling agent and DIPEA (3 equiv.) as base. Six coupling cycles were performed of
one cycle each with Fmoc-Lys (Boc) (565 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-
Trp (520 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-Arg (Pmc) (800 mg, 1.2 mmol)

20 and HBTU (452 mg, 1.2 mmol), Fmoc-(D}Phe (480 mg, 1.2 mmol) and HHBTU (452 mg, 1.2
mmol), Fmoc-4-MeOApc (600mg 1.2 mmol) and HBTU (452 mg, 0.6 mmol), Fmoc-Asp (OBut)
(500 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol). The peptide resin was carried through
steps 1 - 5 of protocol 1, washed with CH»Cly (three times) and treated with 2 mL valeric

anhydride in 6% DIPEA/CH,Cly for 30 minutes. The resin was filtered and washed successively’



anal ytical HPLC anal ysis of collected fractions, pooled and |yophilized-to
yield 55 ng (14 %9 of a 10 white, anorphous powder. TIB8Febougrp200s was
honogeneous by HPLC. LR-El ectrospray Cs6H73N110s cal: 1028 observed: niz
(1029 M+H). EXAMPLE 33 Preparation of

Pent a- cycl oAs#8Ys3) - Asp- Apc- ( D) Phe- Ar g- N- net hyl (2) Nal - LygtAibid0d&0
Froc- Li nker-BHA resin (720 ng, 0.4 mmol) from Exanple 29 were subjected to
solid phase synthesis using Protocotl4f-described above. Al couplings were

per f or med i HBTU..| as the coupling agent and DI PEA (3 equiv.) as
. base. Two “%u%éggﬂﬁﬁiﬁtﬁég%%mﬁ FRRPRRPguol Q%/@bée Eaen- Therpsirwesc- Lys
- (Boc) (563risdtiundkr Pactiilkd yiddd.1HRBFPedtfPhexifiptide siff™0! ), 20 Froc- (2) Nal (530
ng, 1.2 mmol) and HBTU (452 ng, 1.2. mmlf,. After Frnoc renoval from 2-Nal
resi due, the re ItH}gﬁaam_ e was converted to_its 2- nitrobenzene sul fonyl
derivative us'h?‘\%[ye??y BEFEAS BB NS frs8ipd Wit 100 rthanedithiol, 10095 ny, 1. 93

mmol ) and : i i rfer usin
O (6 ahelafhulfachio b 3505 40 B o pcedield SRl EHBARLL OF TREpH |0
under vacdbeiesirpes Sigrednfh wrthed with Eeiml TFAyand desfilvmeq2scigusd iPdulaREy 09630

1. 40 obt aimed T8 ream@p&@@lggnmmgémha&é%@&r&a&] JdP'TﬁQ%Ei%@v?&%E!%g( 5 eq.,
505 , 1.9 ., N, N- t di carh | at 5 ., 3L,1. I
and et haltdh T tipe vinge o i pmioged sxpghagrdegn ciaiet ool red
usi ng THEuhder ¥acBQmth Yiekidsh mg%@apxﬁ.%s:;&d(@e&?@e qﬂz}é&de% subﬁ%&drtgs' n was

he ony roup was

dri ed under_ .vacuum 2-ni'trobenzene sul en renoved
using 5 1°¥liF gD withewtppgisaion. 01 undec-7-ene (3 eq., 173 L, 1.16 mml),
2- mer capt oet hanol (5eq. 135 L,1.93 mml) in DMF. Washings were perforned

[ PVF (3 et ss ; h 3
i B o ok iy

resi due wiS™ w¥esad N0 BRAS RGP o280 mgef RQRWes addedandithch Froc- Ar g
(Pnt)  ( 86@lizadon wadmonitkdd taPdBTVDicAl Zhd Wclizdtich m&ﬁgleiéam{rﬁ)sm%ﬁéﬁo ny,

1.2 nmol ), HBTU 1.2 oo Frnoc- Apc (.550 1.2 mol) and
HBTU (4521%?0%%“%?%‘?%&%%%%@W Y%GWPQE’F“I(F Sy 3“"5}]% re (452
my, 1.2 nieaétion nfiMerqesspodiediydiM.Gvas carried through steps 1 - 5 of
protocol 1, washed with CH2Cl2 (three tines) and treated with 2

15 This crude cyclic material was purified by preparative HPLC on a Vydac C18-column (2.5
x 20 cm) and eluted with a linear gradient of 20-60% B (buffer A: 0.1% TFA/H,0, buffer B: 0.1%
TFA/CH3CN) in 90 min., flow rate 8 ml/min, detection 280 nm. The main peak was cut by
analytical HPLC analysis of collected fractions, pooled and lyophilized to vield 49 mg (12%) ofa
white, amorphous powder. This compound was homogeneous by HPLC. LR-Electrospray

20 CssHyzgN120s cal: 1047 observed: m/z (1048 M+H).

EXAMPLE 39

Preparation of Penta-cyclo(Asp-Lys)-Asp-4-EtOApc-(D)Phe-Arg-Trp-Lys-NH,

' 0, gz
/\/\lr I .N ..;ﬁxu,‘\!l,“‘\é:l\km pt ON

P




'L val eric anhydride in 6% DI PEAI CH2C12 for 30 minutes. The resin was
filtered and washed successively with 50 ml each of CHE3(ebr¢ary@005 nes),

i sopropanol, and CH2Cl12 (three tines). 15 The resin was dried under vacuum
to yield 1.2 g of Pentyl-hexapeptide resin. The Pentyl -hexapeptide resin
was treat edwe 628800 L et hanedithiol, 100 L di met hyl sul pegiererd®ddo L

- anisole, and 10 nmL trifluoroacetic acid at roomtenperature for 180 m n.

The resin was filtered off, washed wri4--2 nml ‘TFA and the filtrates
precipitated in chille thyl _ether. Th recipitates were centrifuged and
the ether |ay¢l§P°&2‘Eﬁﬁ{'gﬁifﬁ¥}b(7P§§}gaQ{émmf§) %EW%WGFWW%FO vhdee

Y olj unmes ofphizte2Mhthestd using @rdtodof u@acﬁt&ﬂfd?dvhem edn@&;llgsiéwﬁq{]erfaﬁ@mdigingwmm ed
under vacUyye i white salid...The crude ti de.was
subj ected tO tagt)]}%ﬁﬁlzp;ﬁflg %%n{v%dﬁ%%sﬂﬁﬁ?quiﬁ%n i pyipling <5 Yﬂﬁp'g‘%gﬂ’@‘gf’f near
pept i des s cferach wishiFinoc-2@EBed) (545 iiviF,2 0506]) indHBTY (452 lnyg, 1.2 gl Fimaee  Was
added tg et . ) t 5
cyclizati 2%16 %52@%@21@?%1? gl?j by HP?%%&'%?%E%‘ é/iitFElegg (&@ﬁ:@g%ﬁ%&s‘z [l(::l%o | et ed
Wi thi n 18- S @52 mgol prmmsehnBimes- (WiFbe a0 aig: 1-Hmen dFBTLHER mgnl-2 DVF was
TG This et uda el ot (ome B 36 fmfggbﬁ%g’?j‘f?““a; P A i (Obud ™
Vydac 018-3(3‘53({‘%&2(‘%’?’%1) aﬂg%%@lr@%%‘ﬁ&sle%o ’H’P@{)- aaePill ehe RS Grisditesaught  20- 60%
B (buf f er sikps D- 3 o6 prsvacel20washed with CHy Ch.(thRée tiddks /HRAIEHIONMth 2 mI9%lapicn. , fl ow

rate 8 m/nmn,..det j e.mai eak was, C by apal ytical , HPLC
anal ysil‘gsT1 Spiydside &@éylﬁﬁyé?lggﬁg%or g@msa Ifs?b‘ﬁﬁ%ﬂtFr;éﬁ“‘%/W“gF&J‘Hée&%v% (10
% of a Mﬁtmnﬂ&McﬁWIﬂ@WﬁﬁleS)ﬁEﬁf?qﬁﬁMd@{ (tRREBEREPAT ey whiPL C.
LR- El ectrosp%a% C57H/5N11Qs cal ;. 1042 observed: z (1043 MHH). 28

February 286 verrymAg yield A 5 f Pentybbryarsptideresin. EXAVMPLE 34 Preparati on of
Cycl o(succini ¢ acid-Lys)-succinic acid-Apc-(D)Phe-Arg-Trp-Lys-NH2 5
Fmoc- Li nker - BYfe Patjlihefapgftide iin Vs dreifibleit L4 BRI 20 ier © subj ect ed to

solid- phase Sént hesi s using Protocol 1 described above. coupl i ngs were

per f or med diasthgsuliEte 250 apispleasd 1A sl dufipipargticagisint raandteDpPEA¢ Br d8flinin. ) as
base. $i X THO wiinivid kel 68, WISHA WAL ,2d %Q%aﬁyﬁéegﬁgﬁmn%ﬁl@d Efpic- Lys
and the oer dooente e

Boc) (565 L. 2 mol) and HBTU (45 ,
( ) et ) nel%her layer decanted. The residue was washed

ether. The precipitates were centrifuge
with two or three volumes of EtyO and recentrifuged and the crude linear product was dried

under vacuum to yield 235 mg of an off-white solid. The crude peptide was subjected to
cyclization without purification.

20 235 mg of the crude linear peptides was dissolved in 220 ml of DMF, 500 uL of N-methyl
morpholine was added to have an apparent pH of 8.0. 280 mg of BOP was added and the
cyclization was monitored by HPLC. Typically the cyclization was completed within 18-24 hours.
10 ml of water was added to stop the reaction, DMF was evaporated in vacuum, and the resulting
reaction mixture was purified by HPLC,

25 This crude cyclic material wes purified by preparative HPLC on a Vydac C18-column (2.5
x 20 cm) and eluted with a linear gradient of 20-60% B (buffer A: 0.1% TFA/H,0, buffer B: 0.1%
TFAJCH3CN) in 90 min., flow rate 8 ml/min, detection 280 nm. The main peak was cut by
analytical HPLC analysis of collected fractions, pooled and lyophilized to yield 60 mg (14%) of a
white, amorphous powder. This compound was homogeneous by HPLC. LR-Flectrospray

30 CssHyeNpOs cal: 1061 observed: m/z (1062 M-+H).



Trp (520 ng, 1.2 n unol) and HBTU (452 nag, 1.2 nmol), h@%@z&&?m) (800
mg, 1.2 mol) 10 and HBTU (452 ng, 1.2 mmol), Fnoc- (D) %ﬁ ng, 1.2
mmol ) and HBTU (452 ng, 1.2 mmol), Fnoc-Apc (550 ng 1.2 nnDI) and HBTU
(452 ng, 0.6 mmol ), Succinic anhydride (600 ng, 6 nmol) in DMF with 1.1 n
of DIPEA. Thwe ohesisn was filtered and washed successi vel ypatt/ipuiadhzgl each of
CH2C12 (two tines), isopropanol, and CH2Cl2 (three tinmes). The resin was
dried under vacuumto yield 1.0y 15 Pbift-apeti de resin. The pentapeptide
resin masggéiﬁéig@mjth 100 L ethanedithiol, 100 L dinethylsulfide, 250 L
ani sol e, trifluoroacetic acid at roomtenperature for 180 mn

The resin was filtered off, washed with M m TFA and the filtrates

preci pi t aPegpatation bf Penedcyelo(Wsp-Lys)- Aqi-4-iPr0app(BHhpi Arg{les-LyeNH, cent r i f uged and
the ether |ayer decanted. The residue was washed wth two or three vol unes
of Et20 and recentrifuged and the crude 1 product was_dryj ed under 20 vacuum
to yield 220 ng of an off-whitegsolid. pepti dg was subjected to
cyclization wthout purificatigm 220 ng of the de|l i near peptides was
di ssolved in 220 mM of DW, 500 pl of N— ofine was added to
have an apparent pH of 8.0. 28 ng of B § add d the cyclization

was nonitored by HPLC. Typi cal ytll |on wa onpl eted within 18-24
hours. 28 February 2005 WD 0O -1 10 mM of water was
added to stop the reacti ofi, YDVF® vap8ra d i novacuum and the resulting
reaction m xture was purifi & by Thi s ude cyclic material was
purified by preparative HPLC on a dac C18- cgl um (2.5 x 20 cm and
eluted with a linear gradient of 60% B (b#f f¥r A 0. 1% TFAI H20, buffer

B: 0.1% 5 TFAICH3CN) in 90 m n. Elo rate 8 m/mn, detection 280 nm The
mai n peak was cut by anal yti cal HPL analy5|s of coll ect ed fractions,
pool ed and |yophilized to ,yield40 ng (11% of a white, anorphous pomder.

Thi s conpound was_honogeneous by HPLC LR—EIectrospray CA9H63N1107 cal :
918 observed:F %M@ﬁﬂm( 7200 g RAvPrEl) Snnrixapptediwsre oibjedpdtostlidil ei c

aCI d- Lyss) phat ﬂlea@as@;ﬁaame@h%aﬁﬂﬁwabm@ AWV &uPlicss %@ch&foﬂkarusﬁglm% n (720
: bﬂ)ﬂ 25 t];erc%%h%aag c? ]%Ilylﬁkr E’) e?}llillb %g aesgl Sth?co?lgtng cycles were performed of

one cycle each with Fmoc-Lys (Boc) (565 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-
Trp (520 mg, 1.2 mmol} and HBTU (452 mg, 1.2 mmol), Pmoc-Arg (Pinc) (800 mg, 1.2 mmol)
and HBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) and HBTU (452 mg, 1.2

10 mmol), Fmoc-4-iPrOApc (660mg 1.2 mmol) and HBTU (452 mg, 0.6 mmol), Fmoc-Asp (OBut)
(500 mg, 1.2 mmol} and HBTU (452 mg, 1.2 mmol). The pepﬁde'resin was carried through
steps 1 - 5 of protocol 1, washed with CHCly (three times) and treated with 2 mL valeric
anhydride in 6% DIPEA/CH2Cly for 30 minutes. The resin was filtered and washed successively
with 50 ml each of CH2Cl; (two times), isopropanol, and CH2Clp (three times). The resin was

15  dried under vacuum to yield 1.2 g of Pentyl-hexapeptide resin.

The Pentyl-hexapeptide resin was treated with 100 pL ethanedithiol, 100 uL
dimethylsulfide, 250 pL anisole, and 10 mL trifluoroacetic acid at room temperature for 180 min.
The resin was filtered off, washed with ~2 ml TFA and the filtrates precipitated in chilled ethyl
ether. The precipitates were centrifuged and the ether layer decanted. The residue was washed
20 with two or three volumes of EtyO and retentrifuged and the crude linear product was dried

under vacuum to yield 260 mg of an off-white solid. The crude peptide was subjected to
cyclization without purification., :



phase synthesis using Protocol 1 described above. %g S ﬁe
performed using HBTU in 15 DVMF as the coupling agent a ? equi v.)
as base. Six coupling cycles were performed of one cycle each W th
‘Fnoc-Lys (Boc) (565 ng, 1.2 mol) and HBTU (452 ng, 1.2 mnol), Fnoc- Trp
(520 nmg, 1.¥owmés7 and HBTU (452 ng, 1.2 mol ), Fnoc- Ar gpéBaBooésd®0 Ny, 1.2
~mol) and HBTU (452 ng, 1.2 nmol), Fnoc-(D)Phe (480 ng, 1.2 rnnol) and HBTU
(452 ng, 1.2 nmol), Fnoc-Apc (550 ngl50.-2 mmol) and HBTU (452 ng, 0.6
ol ), Maleic anhydride (600 20 ng, 6 mmol) in DMF with the addtion of

1 JOBT (800 ny260omgmwiithg crudg litvaxpepiiifefias difhlyed in2i2fim! wE3MF] $Qﬂed.@d1\hmdthyias hed

RTIERN é‘@“‘ﬂﬁ“@ ey 360 & arpllelep 90 MORG denoR ORI ABBI R 0807
Pent apet i GEcligationpyvas mn@ltorp@hr Hﬁbﬁéﬂmmﬂvébf: Wchma%ont W@&p@nlewdﬂmthmom—uhours
et hanedi t hp ali oW &eibas HidEREH Wo? WefrifdBon, 2 Rls ev%@iza%é?i if va@dath, 34 tHE resulting

trifluoroacetic acid at rpo erature for O mn. The resin was
filtered ﬁ%?ﬁm’%agwwmﬁﬁg}) - TPA and the filtrates precipitated in
chilled ethyl ether. The precipitates 28 February 2005 WD 02118437:

PCT/ EPOL1 1096 30his erbdScywkir wategialtwas purified bapﬂphh@reéﬂiﬂoﬂ ayehcdtasited (2.5 he

d hety d and
he. or ude 29 S AFFEd Wik Unl g lHeSfor 2N OB AT g AN BRG0G0 S 20
sol i d. Thé'%éﬂf&& N &bt min- ey reig§jrelninedetastion Ounzrat'lihemm pealowes by f i cat i on.

230 ng of ahdig; ﬁ%@ﬁ@ﬁ@&f&ﬁ&&é&%&&@ died i y&shifized L2l b5 m@ éli@%’fcfa500 L
of N-neth phol i s added ave an  appar ent ]%H of 0.” 280
Ip) !

of B@l%é’i’ﬁﬁaﬂ’(ﬂ’r@t‘?ﬂsﬁ CEy UPS SAMRIHD s gensPRPIIYE ElegHEseiy | v the.
cyclizati G@Hmz(nﬂmpl(ﬂseﬂsetvddtdﬁlm(lmﬂaﬁ4mwur s. 10 rri of water was added to
stop the reaction, DVMP was evaporated in vacuum and the resulting
reaction mxture was purified by HPLC. This crude cyclic nmaterial was
purified by preparative HPLC on a VWdac Cl18-colum (2.5 10 x 20 cm and
eluted w |.inear gradient of 20-60%B (buffer A: 0.1% TFA/ H20, buffer
B: 0.1% ﬂ#@l@éﬂ@ in 90 ruin., flowrate 8 m/nin, detection 280 nm The
mai n peak was cut by anal ytical HPLC anal ysis of collected fractions,

pool ed anBrepympiti bf Peatd-dycloyAspHoysRBspryMeDAR-(DPha-AriiTi-Bys-NHpr phous powder .
Thi s conmpound was honogeneous by HPLC. LR-BI ectrospr ay C49H61N1Z07 cal:
916 obgerved: mz (917 MtH). 15

Fmog-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid
phase synthesis using Protocol 1 described above. All couplings were performed using HBTU in
DMF as the coupling agent and DIPEA (3 equiv.) as base. Six coupling cycles were performed of

20  one cycle each with Fmoc-Lys (Boc) (565 ;11g, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-
Trp (520 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-Arg (Pmc) (800 mg, 1.2 mmol)
and HBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) and HBTU (452 mg, 1.2
mmol), Fmoc-3-MeOApc (600 mg 1.2 mmol) and HBTU (452 mg, 0.6 mmol), Fmoc-Asp
(OBut) (500 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol). The peptide resin was carried



EXAMPLE 36 Preparation of' Cycl o(pht hal i'c ad'o'l-' Lys) - pht %I' -
aci d- Apc- (D) Phe- Arg- Tr p- Lys- NH2 Fnoc- Li nker-BHA resin f(?%ﬁlbaryaogls nmol )
from Exanpl e 29 were subjected to solid 20 phase synthesis using Protocol 1
descri bed above. Al couplings were performed using HBTU in DM as the

coupl i ng ageiezasdy DI PEA (3 equiv.) as base. Six couplingcg¥pliRgssyer e
performed of one cycle each with Fnoc-Lys (Boc) (565 ng, 1.2 mmol) and
HBTU (452 ng, 1.2 mwol), Fnoc- Trp (HB3@-ny, 1.2 mol) and HBTU (452 ngy, 1.2

mol ), Fnoc- Ar Pnt 800 , 1.2 mxnol and HBTU (452 , 1.2 mol ),
Poc. { D) PREOHEIoRE- 5 of Bromeoih weshel VST OHRGh i thres traesd sbieetbruidh B0, 1O

- 02/ 18437 RGLk b - AnC | d HBTU
(452 mgy, 0.6 rmo? )?Qgﬁét}/hgl? %ﬁla:n@%yﬁ(# f°é§g?§%"é§&'%?‘%g‘“%%&f%@}fs%ﬁth 1.1 m
of DI PEA. soRiessivesvich Hasl dach 0£CHCla fivowarsie Sopopared sind €HpClg (thre&med). each of
CH2C12 (t L .l n . CH2C 2 .(;t hree.tines). The resin was
dried undg?e%/eglggﬁgm o “?/‘?gﬁr%gi".’%d@%@%58@%#’6@“@5’%"#f‘ﬁ’fér pent apept i de
resin was treated with 100 ItL ethanedithiol, 100 .pL dinethylsulfide, 250
L ani sd e, anbhel®niyl-hexnpdptiderasincas treatabivith K0 ul eobmanedithialy B00yle for 180 ni n.

The resin . wa ilter ff., washed with -2 ml TFA and the filtrates |
precipita ? ? . an

i pi fl‘é’beﬁr’%fdcﬁtﬁ |ZS€H£ iRl wcﬂf%@if‘ m&‘}ﬁ’éoaﬁ?téca i3t 5q0n tepeetre for 80 miged  and
the et her Theuesin weefteerddadt, wished iah i-dwd TRASnRas BEatedirbdipitad& i8 Chillé &8 VOl unes
of Et20 a it r.ifuged and the .crude oduct s, dried under vacuum
to yield B'r %gg‘%e“g‘ﬁ&%f‘??r%ﬁ“?&ﬁ%e&@%ﬂwfhﬁp ﬂé@“ﬂ\é\% il'g%fwgge %’EPdfaél@?ied to
cycl i zat | with twg erttbige vobumes ofEgQ ond re@@bifogpdahd theeradeliearlproker wadlpied des was
di ssolyed in 220 m af ., 500 f N.ethyl . nmorpholine was added to
have air{l) appar St ult?g?ld%’fngfgﬁn %wg’fteﬁ%g %ﬁ%‘&d’éﬂu spRiectedyte| i zati on
was noni t epckgtitrywitRinCpurfqatioal | y t he cyclization was conpleted within 18-24
hours. 15 10 mM of water was added to stop the reaction, DVF was evaporated

in vacuum a [ reaction, m.Xtur ified.b PLC.. Thi s
oruta oyl i o s pltee B e oL ARES B T SoU BT Bl b0 e
C18- col unmotphobine was 28ded 1ty havecin epparend pili df8.0a  230nBg6f RPBEedledind2Re 60% B

(buffer Awdatdl e B 0419 i hh .o fl.ow rate 8
(b1 o oA e Sy IRl s il
15 10 ml of water was added to stop the reaction, DMF was evaporated in vacuum, and the resulting

reaction mixture was purified by HPLC.

This crude cyclic material was purified by preparative HPLC on a Vydac C18-column (2.5
X 20 cm) and eluted with a linear gradient of 20-60% B (buffer A: 0.1% TEA/H,O, buffer B: 0.1%
TFA/CH3CN) in 90 min., flow rate 8 ml/min, detection 280 nm. The main peak was cut by
20  analytical HPLC analysis of collected fractions, pooled and lyophilized to yield 49 mg (12%) of a
white, amorphous powder. This compound was homogeneous by HPLC. LR-Electrospray
CssH74N1205 cal: 1047 observed: m/z (1048 M+H).



20 anal yti cal HPLC anal y5| s of collected fracti ons, %839 and lﬁ hi I i zed
to yield 35 ng (10 %9 of a white, anorphous povvder a
honbgeneous by HPLC. LR-El ectrospray C53Hs3N1107 cal: 966 observed rﬂz
(967 M+rH). 28 February 2005 WO 02/18437 PCT/ EPOL/ 09630 - 145 EXAMPLE 37
Prepar ati onwafozRent a cycl o( Asp- Lys) - Asp- 4- OHApc- ( D) Phe- Apgr/Ep@obese - NH2
Frnoc- Li nker-BHA resin (720 ng, 0.4 mol) from Exanpl e 29 were subjected to
solid 5 phase synthesis using Protocol52t descri bed above. Al couplings

wer e perfmi%éng HBTU in DM as the coupling agent and DI PEA (3
equiv.) a i X coupling cycles were perfornmed of one cycle each with

Frmoc- Lys (Boc) .(565 ng, 1.2 mmol) and HBTU (452 ng, 1.2 nmol), Fnoc- Trp

(520 ny, Prepamtiohpf Berda-ERIA{PIBR)-ABp-4-ClAbcri)Phe-AfgATp- sznn) (800 ny, 1.2
mmol) and HBTU (452 ng, 1.2 mmol), Fnoc-(D)Phe (480 .2 mmol ) and HBTU
(452 ng, 1.2 10 nmol ), Fnoc-4- ‘ HBTU (452 ng, 1.2
nmmol ), Fnoc-Asp (OBut) (500 nmol ) and HB ng, 1.2 mmol ). The

peptide resin was carried thr ps 5 of 1, washed with
CH2C12 (three tines) and treatfed vvlth2 leric dride in 6%
DI PEAJCH2C12 for 30 m nutes.

fi : .hn‘mashed successi vely
with 50 m each of CH2Cl 2 (t ) 2C12 (three
vac ung o yiefid 1.1 of

times). The resin was
Pent yl - hexapepti de resin. - hexapeptfide resin was treated with 100

pL ethanedithiol, 100 L dinethylsul fide, 250™L anisole, and 10 niL
trifluoroacetic acid at roomtenpgrdture for mn. The resin was
filtered off, washed with -2 m THBx and the filtrates precipitated in
chilled ethyl ether. The precipitates were centrifuged and the ether |ayer

decanted. Thepfges e vol unes. of 20 and
recentrifij gedﬁanid'g‘uﬁe cr ué(gﬂs(Pl neé% pr ogldtgrt ?ezgdver g’éft o8
yield %2 5phasesyathesipusng Prpfsiceld deeriribed abDhe Mk@dpln@pmecberfomdwhgélﬁﬁ'@dnt o)
cycl i'zat i DRARVstERShp Eﬂt(aﬁ& DWEA Bquivy LB,
di ssol ved | n égoafcm ?g ﬁgB {_ of N—rreth (l[ rmr %%lene \Aé%pe?ﬁgh%ieto have
an appar Rt ggch avith Foageys [Bas) (8o malmyljw Y 62 s 2 el §mog05
Trp (520 mg, 1.2 mmol) and HBTU (452 myg, 1.2 mmol), Fmoc-Arg (Pmc) (800 mg, 1.2 mmol)
and HBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) and HBTU (452 mg, 1.2
10 mmol), Fmoc-4-ClApe (560 mg 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoe-Asp (OBut)
(500 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol). The peptide resin was carried through
steps 1 - 5 of protocol 1, washed with CH2Cl> (three times) and treated with 2 mL valeric
anhydride in 6% DIPEA/CH2Cl2 for 30 minutes. The resin was filtered and washed successively
with 50 ml each of CH2Clg (two times}, isopropanol, and CH2Cl (three times). The resin was
15 dried under vacuum to yield 1.0 g of Pentyl-hexapeptide resin.

The Pentyl-hexapeptide resin was treated with 100 pL ethanedithiol, 100 uL

dimethylsulfide, 250 uL anisole, and 10 mL trifluoroacetic acid at room temperature for 180 min,

The resin was filtered off, washed with ~2 ml TFA and the filtrates precipitated in chilled ethyl

ether. The precipitates were centrifuged and the ether layer decanted. The residue was washed
20  with two or three volumes of EtyO and recentrifuged and the crude linear product was dried

under vacuum to yield 230 mg of an off-white solid. The crude peptide was subjected to
cyclization without purification. |
T
230 mg of the crude linear peptides was dissolved in 220 ml of DMF, 500 UL of N-methyl
morpholine was added to have an apparent pH of 8.0. 280 mg of BOP was added and the
25  cyclization was monitored by HPLC. Typically the cyclization was completed within 18-24 hours.



WO 02/ 18437 PCT/ EPOL/ 09630 - 146 cyclization was nonitQr b
Typically the cyclization was conpleted within 18-24 h@& Fge% %’05&4—5 of water
was added to stop the reaction, DVF was evaporated in vacuum and the
resulting reaction mxture was purified by HPLC. This crude cyclic

mat eri al wasygpatrigdsred by preparative HPLC on a VWdac Cl Spepkbiiiiod®.- 5 5 X
20 cnm) and eluted with a linear gradient of 20-60%B (buffer A 0.1%

TFA/ H20, buffer B: 0.1% TFAJCH3CN) 113390 nin., flow rate 8 m/mn,

det ection 2r€‘3]§ m The main pcak was cut by anal ytical HPLC anal ysis of

col l ected ¥ efW%FﬁfswaSﬂ%qdéa Staaélelr%w PMEsipstepppraseinyscyy, pndthe restlting

whi te, anmaedelicniGigheresias puridetl 5y HEDPOoUnd was honogeneous by HPLC.
LR- El ectrospray C54H72N1209 caI 1033 observed: mz (1034 MtH). 10 EXAMPLE

75 Frrooot nkereRRaE Bihe S Unt BB prep i MO G L DB Elali B 2 CF
to solid *Mameaudsiutedwitl a@s@ngmﬁem@%ﬁo%B({bsﬁérlﬁb@d%aﬁﬂélzomuffenﬂ)ﬂ{l% ngs
vere pegf qmmHmi Wﬂoﬂrra@'ﬁ%ﬂﬁﬁmt&éﬁ‘eoﬁ&i’ﬂwdm T Sfkin HARwhl &by (3

equiv.) as hase upI cles were perfornmed Qf -one cy cle each with
Foc. Lys (B8 g7t ofolsrie) raatippmesief enekizoplgizes tovisthd? yie (gbotary
(52?) n‘go th&e, hoziﬁlﬂmlvlﬁ}' Uflﬁélﬁﬁn d Wasto gegﬁfﬂm( 4818(3 OLK- Elfﬁ%osﬁﬁﬁol ;ng é 2
no e : m ol ) an
HBTU (452%1&%*75? @dm%lﬁﬁﬁbﬁ% dny‘%e@%{ﬁ?%éong 1.2 mol) “and HBTU (452 N,
0.6 mmol), Fnoc-Asp (OBut) (500 ng, 1.2 mmol) and HBTU (452 ng, 1.2 mmol).
The peptide resin was carried through steps 1- 5 of protocol 1, washed
with CH2C12 (three times) and treated with 2 nL valeric anhydride in 6%

DI PEA/ WZGK&MI&IE@O m nutes. The resin was filtered and washed
successi vely' 28 February 2005 WD 02/18437 1' CTI EPO1/ 09630 -147 with 50 m

"aci n' was Prraghh BB R SRR Hepr S D R RO B et 1 e r 0si n.

The Pentyl - hexapeptide resin was treated with 100 L et haneNdlthi ol , 100 pL

Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid

phase synthesis using Protocol 1 described above. All couplings were performed using HBTU in

15 DMF as the coupling agent and DIPEA (3 equiv.) as base. Six coupling cycles were performed of
one cycle each with Fmoc-Lys (Boc) (565 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-
Trp (520 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-Arg (Pmc) (800 mg, 1.2 amol)
and HBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) and HBTU (452 mg, 1.2
mmol), Fmoc-4-MeApc (590mg 1.2 mmol} and HBTU (452 mg, 0.6 mmol), Pmoc-Asp (OBut)

20 (500 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol). The peptide resin was carried through
steps 1 - 5 of protocol 1, washed with CH2Cly, {three times) and treated with 2 mL valeric
anhydride in 6% DIPEA/CH2Cly for 30 minutes. The resin was filtered and washed successively
with 50 ml each of CH2Cl2 (two times), isopropanol, and CH2Cly (three times). The resin was
dried under vacuum to yield 1.2 g of Pentyl-hexapeptide resin.



di et hyl sul fi de, 250 pl.. an| sol e, and 10 m_ trlfl uor oa room
tenperature for 180 min. 5 The resin was filtered off, C%[Eerc?é %ﬁpﬁg

TFA and the filtrates precipitated in chilled ethyl ether. The
precipitates were centrifuged and the ether |ayer decanted. The residue was
washed w thkvgoaser three volumes of Et 20 and recentri f ugegrpiifodsipe crude

| i near product was dried wunder vacuumto yield 235 ng of an off-white

- solid. The crude peptide was subjected>e cyclization wthout

purification. 10 235 ng ofthe crude |inear peptides was dissolved in. 220
m of DM, SO@hlee!mﬂM%ﬂplﬁshreswaptncaltqdmthmguhddenbdntbmhamlan appar ent pH

of 8.0. 28 d ion was nonitqred by HPLC.
Typical Iy lg/"(':lfi S 4p q{\@fﬂ% Tyders ‘3‘{‘ gﬁﬂuﬁf%ﬁ‘iﬁﬁ ag afztﬁomfff‘%emmfgorrﬁs 0ginwat er
was added IbrssumwaaﬁiEIadaﬂT;mﬁadwiﬂVF2MTF3uﬁpmeﬁlt&des Fecip@fedim chiltedlethiie

resul ting a 3, i f HPL 2 ude ¢ c

mat eri al V\e/at%&pﬁ% I et %i/sqger?e 8%%1%% #—@gé‘% érnla%er%e lted(,@%f rﬁ% %ﬁ?fl x 20
cn)  and Sel Withiyog tthfeavqlmew afidapeeninifuged 28hdes BUQthﬁEfaeproAlct easjs%eaIFAJ H20,
buffer B: %0, | m n, det ction 280
nm The mallgin 2!rpe':l;1<liﬁ€/a(§(,:ﬁ§tﬁ(iltﬂ)i%mg oa%naﬁ%yfv}’%e ﬁOL'I(il\gﬂ’& ‘&’ﬁﬁ?ﬁpgdg WB‘?*“E}SW €t ed
fractions Wﬁl@@immtpwﬁﬁahbnzed to yield 49 ng (12% of a white,

anor phous powder. This conpound was honbgeneous by HPLC. LR-El ectrospray 20

ot a- Oy ol of Aey b 3 the 386 EY pele s S a Tl oY P, SO IE PR 05
WO 02/ 184370rpmiinemas rdixd 3®haV248aPpamcleoﬁ&é.r -mmAagrcémmv(a?wemdme4 mol )
descr i tod aatngls ALty P1Co TR e ERARROIVAL ATMIR B S AASES . 1
coupl i ng a@é‘ﬂt"?‘g p‘i S%q’&bveyma@%@m W%%@Fblﬂlvﬁ‘gweymdébemere

per f or ned rﬁﬂhngm&cﬁmchﬁctﬁh&mhswlﬂﬂ&dlﬁmcys (Boc) (565 ng, 1.2 mml) and
HBTU (452 ng, 1.2 mmol), Frnoc 5 Trp (520 ng, 1.2 nmol) andHBTU (452 ng, 1.2

(5yene (ag0, o (0 P e R b G lbud defiie "°
(640nmy 1. X 2ew) podelatedmith olipsa grpghenoofszomom (tresffiocA-Asi%6 TEBELD, bufeOR: 0ge 1. 2
mol ) - and TERAYHACNYZn 90 mid;, Ao iR 8 ml/HE dBeRioh 980 AESTHE MBS p&RWal &b} T ough

analytical HPLC analysis of collected fractions, pooled and lyophilized to yield 55 mg (14 %) of a

white, amorphous powder. This compound was homogeneous by HPLC. LR-Electrospray

CssHzaN1204 cal: 1031 observed: m/z (1032 M+H).

20 EXAMPLE 44
Preparation of Penta-cyclo(Glu-Lys)-Glu-Apc-(D)Phe-Arg-Trp-Lys-NH,

Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid
phase synthesis using Protocol 1 described above. All couplings were performed using HBTU in
25 DMF as the coupling agent and DIPEA (3 equiv.) as base. Six coupling cycles were performed of



steps 1- 5 of protocol 1, washed wth CH2Cl2 (three t| and gﬁgted with
2 nmL valeric 10 anhydride in 6% DI PEAJCH2CI 2 for 30 m 0Psin was
filtered and washed successively wth 50 m ‘each of=CHZClZ (two tines),

i sopropanol, and CH2Cl12 (three tines). The resin was dried under vacuumto

yield 1.2 gwofozemstyl - hexapeptide resin. The Pentyl - hexapepkbfRodzgSi N was
treated with 100 L ethanedithiol, 100 pL dinethylsulfide, 250 L anisole,
and 10 nL trifluoroacetic acid at roarsstenperature for 180 mn. 15 The
resin was filtered off, washed with -2 ml TPA, and the filtrates

“preci pi t aPBHFR ek Wm@tmlmﬂcbﬁﬁém& Ay oiddBEY 6452wes, &.2awnel), Finoged and

t he et herT(kfagsem mgECARRSY) anblFERTE gl S5 - 8 ol unes
of Et20 an dgﬁﬁﬁg%l fuq danan #%r#@yzé&gg?&gfﬁﬁé%%%ﬁzﬁgﬁo%
vacuum t o 88
isu bj ect edmneol), Eywt-lApa(SSOnng/\l 2 hinol) Apd I @GR 01, 0.8 hndsd R Fiﬂf@c@lu (dsmu):(sm@le

| near Jpe I n, 220 0

rmrpholslonfe}ltg’mg% ag@ a(?q ﬁav%ga 13 ogiﬁtﬂ‘ﬁlqe%qdege%nwm%f’ %(%fpﬁés added
and the éyén’rp@a@lulowaahaéww@ﬁﬁzﬁizéd:rwlad ﬁ'gamdcratﬂg/mLhdenwhy&aiemmn was
conpl et edgapf 4 r S ed to. st o
reacti on, ¢ M?E@C%%gé}%tﬂ ‘lltﬁslsié%rlﬁ}ﬁ]was ?%a\é%r eaglgﬁ%ts}l?fﬁssw &’%Pts@ﬁﬂm xt ur e
was puri f ¢aghl of YH AR Gwoabnek)) |1s<s>propmd:|e, anit ﬂHg(Sl;_n(mltueé hﬁbsr)r))/ﬁ& rgdui 'ilvisl d@ﬁd bﬂdeﬁ
preparatlve HP C ac CO x 20 ¢ and eluted with a
|i near gr&dl agég gf\%%eﬁy%fﬂﬂ@‘?%“ 1% TTA H2O, buffer B: 0.1%
TFA/ CH3CN) in 90 m n. flowrate8n1/mn detection 280 nm The mai n peak

was cuto by aﬁﬁie)?‘hmtghhexhﬂpﬁdaﬂahy&ﬁ:tﬁeaw‘dvﬁﬂi 100¢d @ehahedidl 0 p1.pool ed and
| yophi | i z %’P& | d_60 % of a__white, anorphous powder. This
corrpound b 3%.4 %ﬁ% 0 mRtrifusrqacdicsridyat BRMURBETBNIS00 1#kxhin. 1061

obser ved: Thd résif ﬂi&ﬁﬂteMﬂ'TDEf wg.&etf Rk Lo e TRRQRd MR Mt&%ﬁpi@gﬁléa@éd%%ﬁ 0 -149

EXAVPLE 4 tion of
Pent a- cycf Qj& /@5 a‘i’r_rg%‘#&ﬁ?p}"eﬁe seplrifeged and the ethenlager fegnied s Theresidpaieas washed - BHA
resin (72@ithtyo d@ ﬂékeermim)aeé df@rgc&mmeﬁuﬁ&euﬂﬁ&t}ﬁ whjdetihed ptadusords dried phase

synt heS| S Pr ot o fscrl bed above. Al couplings_were perfornmed
usi ng # Lffexhva uum t0y1 255mgo an off-white solid. The crude peptide was subjected to

cychzatton without purification.

- 255 mg of the crude linear peptides was dissolved in 220 ml of DMF, 500 pL of N-methyl
morpholine was added to have an apparent pH of 8.0. 280 mg of BOP was added and the
cyclization was monitored by HPLC. Typically the cyclization was completed within 18-24 hours.

20 10 ml of water was added to stop the reaction, DMF was evaporated in vacuum, and the resulting
reaction mixture was purified by HPLC.

This crude cyclic material was purified by preparative HPLC on a Vydac C18-column (2.5
% 20 cm) and eluted with a linear gradient of 20-60% B (buffer A: 0.1% TFA/H,0, buffer B: 0.1%
TFA/CH5CN) in 90 min., flow rate 8 ml/min, detection 280 nm. The main peak was cut by
25  analytical HPLC analysis of collected fractions, pooled and lyophilized to yield 60 mg (15%) ofa
white, amo;phous powder. This compound was homogeneous by HPLC, LR-Electrospray
CssHz4N1205 cal: 1031 observed: m/z (1032M+H).



DNF as the coupllng agent and DI PEA (3 eqU|v ) as base cou g cycles
were perforned of one cycle each with Frnoc-Lys (Boc) (2@56% ?Oégmml)

and HBTU (452 ng, 1.2 mmol ), Frmoc- Trp (520 ng, 1.2 mmol) and H13TU (452
ng, 1.2 mmol ), Fnoc-Arg (Pnt) (800 ng, 1.2 mmgol) and HBTU (452 ng, 1.2

- xnnol ), Fnowo @DpBhe (480 ng, 1.2 nmol) and HBTU (452 nypctxBoikossamol ),
Froc-4-1 PrOApc (660ng 1.2 mmol ) and HBTU (452 ng, 0.6 nmol ), Fnoc- Asp
(OBut) (500 ny, 1.2 mmol) and HBTU {82 ny, 1.2 mmol ). The peptide resin
was carriggé#}&iggh steps 1 - 5 of protocol 1, washed with CH2Cl 2 (three
times) an with 2 nL valeric anhydride in 6% D PEAJCH2CI 2 for 30
m nutes. The resin was filtered and washed successively wth 50 m each of
CH202 (t woreppraiioh of PatprishdAgp-Orndp-@Ai2 (DIPHet Apep 0ri@&I, The resin was 15
dried under vacuumto yield 1.2 g of Pentyl -hexapeptide resin. The
Pentyl - hexapeptide resin was treated with 100 AL et hgpedithiol, 100 pL

di xnet hyl sul fide, 250 pL anisole, and 10 nmL tri tic acid at room
tenperature for 180 min. The resin wa dwith -2 nl TFA
and the filtrates precipitate
- were centrifuged and the ethgr |ayer d

with two or three vol ynes tZOadEecgnt |fu
product was dried uMacu m Ty ingT g 280
crude peptide was subjected to i zatd oni~i tho cation. 28

p
February 2005 WO 02/ 18437 PCT/ EPOt09630 -15Q 260 ng of t*he crude |inear
pepti des was dissolved in 220 n DMF, 500 [ of N-nethyl norpholine was
added to have an apparent pH of & 280 ngy BOP was added and the
cyclization was nonitored by HPLC®Typically the cyclization was conpl eted
within 18-24 hours. 10 ml of water was added to stop the reaction, DVF was

evapor at ed |mmm£mmeer Ban«drehmnoqﬁglhwxiaﬂol)%oh?e@ﬁpmwei‘éédﬁ ctX\P%L@&H' fied by
0

*was washed 20
e crude |inear
an o_f-mhite solid. The

HPLC. cl |G pu Dy “pr eparati‘ve
VydacC 8 "?%“5813 4 "‘?’65&#“5 LeYR: éHiWPIH’géWP‘ierﬁ’é‘éf?m@ﬁé!&Péﬁ@TGfmZO 60%
B (buff erDMF asﬂil@%oﬂiﬁlﬁigldgﬁ;t abdiDIRBA (Bieqflv.) % bald-Aid oY) cytles Wide ﬁrmecféfow

rate 8 m i,N a cal HPLC
anal ysi s é)’#@ coﬁ!l ?ﬁhma(%?& (;BSQ) (%E(E)So 2ﬂ§eﬁﬁ%ﬁﬁrﬁg%§}b ,%(%ﬁ% ‘:E'%Bb’GS ng
(15% of BEmoarBrn{A?dms kdwmebound HRTRHES?2 mEhl.2 mumip Bunc-Ana@oid (800ene 0as by
HPLC. LR-ihebtaha FBTRY(452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) and HBTU (452 mg,

W 1.2 mmol), Fmoc-Apc (550 mg 1.2 mmol) and HBTU (452 mg, 0.6 mmol), Fmoc-Asp (OBut)
(500 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol). The peptide resin was carried through
steps 1 - 5 of protocol 1, washed with CHaCly (three times) and treated with 2 ml, valeric

- anhydride in 6% DIPEA/CH2Cly for 30 minutes. The resin was filtered and washed successively
with 50 ml each of CH2Clp (two times), isopropanol, and CH2Cl2 (three times). The resin was
15 dried under vacuum to yield 1.15 g of Pentyl-hexapeptide resin.

The Pentyl-hexapeptide resin was treated with 100 pl ethanedithiol, 100 pL
dimethylsulfide, 250 uL anisole, and 10 mL trifluoroacetic acid at room temperature for 180 min.
The resin was filtered off, washed with ~2 ml TFA and the filtrates Precipitated in chilled ethyl
ether. The precipitates were centrifuged and the ether layer decanted. The residue was washed
20 with two or three volumes of EtpO and recentrifuged and the crude linear product was dried

under vacuum to yield 240mg of an off-white solid. The crude peptide was subjected to
cyclization without purification.

240 mg of the crude linear peptides was dissolved in 220 ml of DMF, 500 pl, of N-methyl
morpholine was added to have an apparent pH of 8.0. 280 mg of BOP was added and the
25  cyclization was monitored by HPLC. Typically the cyclization was completed within 18-24 hours.




Cg7H78N1209 cal: 1075 observed: mz (1076 M+H). EXAIVPL%%L Pr ergj)iroagi on of
Pent a- cycl o( Asp- Lys) - Asp- 3- MeOApc- ( D) Phe- Arg Trp-Lys-N rua

Fro_c-Linker-BHA resin (720 ng, 0.4 mml) from Exanpl e 29 were subjected to
solid phase synthesis using Protocol 1 described above. Al couplings were

performed uwowaBBY in DMF as the coupling agent and DI Befveedyesi V. ) as
base. Si x coupling cycles were perforned of 20 one cycle each with Fnoc-Lys
(Boc) (565 ng, 1.2 mml) and HBTU (45B7nry, 1.2 mmol), Fnoc- Trp (520 ng,

1.2 mmol) .an BTU (45 , 1.2 mm), Enoc-Arg (Pnt) (800 , ., 1.2 mol)
and HBTU (lﬁ‘é‘g‘)ﬁﬂ?teﬁ‘g’? aﬁ%“gﬁ? ,StOFﬁ%ﬁé- IPMEW?P@}%@?IQVWH;L% elresiting (452
g, 1.2 mewtign mbtmewds plad@dpby (J600. ny 1.2 mmol ) and HBTU (452 ng, 0.6
mol ), Fnaoc-Asp (OBut) (500 nmg, 1.2 mml) and HBTU (452 ng, 1.2 nmol).

The pepti de res;i : i | 2/ 7 I.EP 9630
TIe1 e hr ougn o CralbSyciklefill Ep RN BP pep i T O SR TRt 80 an
treated wieflom) and elytad with a linesn grasdicateof 20y 66%cBIbREAACHE® TRAVHLO 3miffer Biitids. The
A e o e s e A
imes), is : i res e resi s dried u
vacuumt oy Cgla[?ﬁf: ﬁmg'fls %‘fﬁ‘iﬁeﬁ&’éﬁ‘ﬁ?@ﬁﬂf’g& ahdlypphilizsd taelbed mp (13a)efgept | de
resin }Nasttteam@hmqui?dlﬁ mﬁmmﬂawwmmog&&ombmm.mﬂ-m{;&&g%o%o AL
ani sol e, . acet t roomtenperature for mn.
The resi n%%“%%?ﬁ%?ys@k’%?&e\%as egﬁ%qgﬁﬂﬁl? rnl TPAngnd the filtrates

precipitated in chilled ethyl ether. The precipitates were centrifuged and
the ether |ayer decanted. The residue was washed wth two or three vol unes
of Et20 and recentrifuged and the crude |inear product was dried 10 under
vacuumit oEXAMPIE285 ng of an off-white solid. The crude peptide was
subjected to «cyclization without purification. 235 ng of.the crude |inear

pepti des atdls By E : Qf  DM- 0,L af - yl  norpholi ne was
added to ﬁ%@e. aﬁﬁgﬁ)%g%e to‘dégo[?ﬂrégff %@%&§g@@ﬁbﬁ dded and the

cyclization was nonitored by HPLC. Typically the cyclization was conpl eted
Wi thin 18-24 hours. 15 10 m of waffer was added to stop the reaction, DW
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Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid
~ phase synthesis using Protocol 1 described above. All couplings were performed using HBTU in
15 DMF as the coupling agent and DIPEA (3 equiv.) as base. Six coupling cycles were performed of
one cycle each with Fmoc-Dbr (Boc) (540 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol),
Fmoc-Trp (520 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-Arg (Pmc) (800 mg, 1.2
mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) and HETU (452 mg,
1.2 mmol), Fmoc-Apc (550 mg 1.2 mmol) and HBTU (452 mg, 0.6 mmol), Fmoc-Asp (OBut)
20 (500 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol). The peptide resin was carried through
steps 1 - 5 of protocol 1, washed with CHjClz {three times) and treated with 2 mL valeric
anhydride in 6% DIPEA/CH,Cly for 30 minutes. The'resin was filtered and washed successively
with 50 ml each of CH2Clz (two times), isopropanol, and CHClp (three times). The resin was
dried under vacuum to yield 1.10 g of Pentyl-hexapeptide resin.



reaction nixture was p'u'r' ified bmymHPLC.” This crude cycli teri % s
purified by preparative HPLC on a Vydac C18-col um (2. @%%’%ﬂ? O%ﬁd

eluted with a |inear gradient of 20-60% B (buffer A: 0.1% TPA/ H2O, buffer
B: 0.1% TPA/CH3CN) in 90 min., flowrate 8 m/mn, detection 280 nm The

mai n peak Was @HbssPy 20 anal ytical HPLC anal ysis of col | pei/gehifosaagt 1 ons,
pool ed and |yophilized to yield 49 ng (12% of a white, anorphous powder.

Thi s conmpound was honbgeneous by HPLECIS8:-R- El ectrospray C55H74N1209 cal:
1047 observed: mz (1048 MrH). 28 February 2005 WO 02/ 18437 PC / P01/09630
-152 EXAMPLE prapepside ofsinores reatpdivithhdgd) Wyeshanedihid, I00Mba- ( D) Phe- . Ar g

The

Tr p- Lys- N ' - Li nker - B i.n (720.mg,. 0.4 npol) f le 29
were Subj Sopeneedidecpun o85Gk 28 Tl goegu Tid drenet e iisE B PG
above. Ald IThr.msinlWas@kerm_iwﬁ waéieﬂgﬁtmieek ml_s’l"mgmldllﬂi'd_ﬁﬁlixmes ;Eik&fpiaeﬁe&ihehjﬂalaﬂhf Wl ng f

nt an S 6. S upl.ing ¢ were per o]
one. cyol e Lt pihefscibiclny B8dlac e GRYRLORCNE SIS RRRTT )
mol ), Frivéth tye pr heeegohiges of B Grand Yecentdfupirud tibaudeginedr pRodnebww)s, drigdroc- Ar g
Pnt 80 1.2 1o and . HBT. 452 .. 1. 2. ol Fnoc- Phe (480 ,
o ot ) Ui ey PRl 2208B5r ST GE e i me dar Bkt BRIFRE 5 ol )
and HBTU (wdizetiog witho@ pmmifitationFnoc- Asp (OBut) (500 ng, 1.2 mmol) and HBTU
(452 ng, 1.2 mmol ). The peptide resin was carried through steps 1- 5

of prot ocol 1, ' | . t i 2

valoeri C anhym%%%ﬁé% %Fk%? %5‘? ivg%ﬁx)r%zﬁt%ﬂ é% hgd%rﬂgsoltf?q—]\?/ﬁ@ﬂ
filtered awdphwishwes sidetiodevessl apparant #i 6{3.011 28Gumlg o6BOWRCIded 4ndathe i nes) ,

i sopr oRANQL; N rAME [ g ]iﬁ% ris 1 cuum
to yi elﬁ)% %%Zagﬂgf Pe %r%glgglé%tﬁgqye%?ﬁ%ﬁgﬁ ent)r/"ﬂj-ﬁﬁéggg% #{l e 0r_uiel"%ai n
was  t r eat d8MhPf wataryems pdded togipr therecion, DMowas eveposgtechinvagium, ged the sigulfips

ani sol e, mdj&d}nmhugwhg‘ﬁme@gﬁgpig acid at roomtenperature for 180 mn.
The resin was filtered off, washed with -2 nil TFA and the filtrates

precipitated i Glihl J:y%ﬁjc rﬁgtg)fall was purified by preparative HPLC on a Vydac C18-column (2.5
x 20 cm) and eluted with a linear gradient of 20-60% B (buffer A: 0.1% TFA/H,0, buffer B: 0.1%
15 TEA/CH;CN) in 90 min., flow rate 8 sl/min, detection 280 nm. The main peak was cut by
analytical HPLC analysis of collected fractions, pooled and lyophilized to yield 35 mg (9 %) ofa
white, amorphous powder. This compound was homogeneous by HPLC. LR-Electrospray
CssHesNpOg cal: 989 observed: miz (990 M-+H).

20 EXAMPLE 47

Preparation of Penta-cyclo(Asp-Dpr)-Asp-Apc-(D)Phe-Arg-Trp-Dpr-NH;




ether. The precipitates were centrifuged and the ether %i%p agﬁg ed. The
resi due was washed 20 with two or three vol unes of Et26 Y rifuged
and the crude |inear product was dried under vacuumto yield 230 ng of an
-off-white solid. The crude peptide was subjected to cyclization w thout
purificati oggo a8y of the crude linear peptides was di p&pkvaodsn 220
of MO, 500 ML of N-nethyl norpholine was added to have an apparent pH of
8.0. 280 ng of BCP vvas added and the-2®-cyclization was nonitored by HPLC.

Typically the ¢ 513;) 'pn was, conmpl eted within 18-24 hours, 28 February
2005 WD 02/ 184 T &P ey E30 me. G bmmp) figm Brampls 29 werpsnbiegied &0 w0ldst op t he

reaction, Imv&symesemm [Pﬁdt&dﬂ)llBesh&ﬂﬁd%ﬂve&ﬂlﬂcd@h%’s%kﬁﬁeﬁ@ﬁne&@ﬂ@&l@lﬁﬁ xture

T o | SR g R Y A TR St B St

| i near gr adfiesyre eath @itk BOY-Bp¢ Rk 60 ﬁg, ]CE ol aAd HBCI‘U (45 fogr 1. Bnnddl)1 % 5

TFA/ CH3 ' t k
was out %F%%a%é o 13 Bitoh ShEUBTO 4Bl 1 IEEG RS B (A0PalR PO

| yophi | i ze8meh 2pd HFTH]45%me, 12 manols Fraoc- MPIIGE,(‘J:S(HRQHMD AHBTU @52 ms,
conpound VEsmhRIPEASE Nﬁ(sbwm@%%mbiémﬂﬂm QBh" os%&biﬁﬂ?&%ﬁmﬁ@' 1051

b d 52 43 Pre t
Pt oyl Gt 13 A e BE AL 80 O e corried o - B4

resin (72Gtapy] - Doprotwodl)l, msheﬂﬁxlmﬁbelzmrmmmmﬁeemtha n$lovaldglic phase

o g eyl itk B8 RELER b i 'ea?fws e@snéﬁe%u‘%ﬁ e,

Si x coupl mgggmleg&m @ LR, Boc)

mol ) and #B%@QSAB@HH@WIIB@WM@P&MWWWWC) (800 mg, 1 2 rrrml) and
HBTU (452 ng, 1.2 nmmol), Fnoc-(D)Phe (480 ng, 1.2 mmol) and HBTU (452 ny,
1.2 mol), FURCP& eﬁtﬁl%%mvlas%remm L& hredified, 17 éLLO 6 nmol ),
Fnoc-Asp (OBut) 20 (500 ng, 1.2 ) and HBTU (452 ng, 1.2 mmol). The
pepti de ré*gpﬁﬂ&%ﬁdﬁaﬁﬂll’édmhlﬁmgrw ndtteiffeordacetichcivlfat promt teoperatyre fsd Bekini t h
CH2C12,{t i r.

15 *Th@?es tv&agﬁﬁlreéﬂﬂ‘v& ﬁe?t“ﬁ& 4 L aﬂ‘dfta’ﬁﬁ&t%sgme%ﬂ)(&,}ﬁ]@%usu é:lgyeSSI vely

DI PEA/ CH2CI 2 for 30 mi nutes. The resin was
ether. The precipitates were centrifuged and the ether layer decanted. The resicdue was washed

with two or three volumes of Et7O and recentrifuged and the crude linear product was dried

under vacuum to yield 200mg of an off-white solid. The crude peptide was subjected to
cyclization without purification.

20 200 mg of the crude linear peptides was dissolved in 220 ml of DMF, 500 pL of N-methyl
morpholine was added to have an apparent pH of 8.0. 280 mg of BOP was added and the
cyclization was monitored by HPLC. Typically the cyclization was completed within 18-24 hours.
10 ml of water was added to stop the reaction, DMF was evaporated in vacaum, and the resulting
reaction mixture was purified by HPLC. |

25 This crude cyclic material was purified by preparative HPLC on a Vydac C18-column 2.5
x 20 cmy) and eluted with a linear gradient of 20-60% B (buffer A: 0.1% TFA/H,0, buffer B: 0.1%
TFA/CH;CN) in 90 min., flow rate 8 ml/min, detection 280 nm. The main peak was cut by
analytical HPLC analysis of collected fractions, pooled and lyophilized to yield 30 mg (8%) of a
white, amorphous powder. This compoufid was homogeneous by HPLC. LR-Electrospray

30 CsHgsNiO; cal: 975 observed: m/z (976 M+H). |



with 50 M each of CH2CI2 (two tines), isopropanol, anggc':_H Cl12 &6&ree
tinmes). The resin was dried under vacuumto yield 1.2 ruary

Pent yl - hexapeptide resin. 28 February 2005 WO 02/18437 PCT/ EP01/ 09630 -154
The Pentyl - hexapeptide resin was treated with 100 pL ethanedithiol, 100 pL
di met hyl sul fodgass350 L ani sole, and 10 nL trifl uoroaceti gcpeboiosisy r0om
tenperature for 180 mn. The resin was filtered off, washed with -2 m TFA
and the filtrates precipitated in chi }%0%d et hyl ether. The precipitates
were cent fd 4gnd the ether |ayer decanted. The residue was washed 5
wth two vol unes of Et20 and recentrifuged and the crude |i near
product was dried under vacuumto yield 240 ng of an off-white solid. The
crude pep®raparatian of A4-erctoédisptlopr)-AspiApz4D)he-Avg{lnpPpr-]NH4 f i cation. 240 ng of
the crude |inear peptides was dissolved in 220 m of DWMF, 500 pL of

N-net hyl norpholi ne was added to have an apparent of 8.0. 280 ngy of BOP
was added and the 10 cyclization was nonitag C. Typically the

cydi zati on was conpleted within 18- wat er was added to
stop the reaction, DVMF was ratémvacuum #kd te resulting
reaction mxture was pugifged by HPL % crudelgytlighmaterial was
purified by preparati\j\? on af\Mydac \Cld- col x 20 cnm) and
eluted with a |inear gradiedt O ‘é!m/@q% s (b M 1% TFAI H2O, buf fer
B: 0.1% 15 TFAICH3CN) in 90 m floww rate 8 mMaem i, detection 280 nm
The main peak was cut by anal yt | HPLC anal ysis of coM ected fractions,
pool ed and | yophilized to yield &5 ng (14 WYof a white, anorphous powder.
Thi s conmpound was honpbgeneous fPLC. LR- ﬁ%ﬁtrospray C55H74N 205 cal :
1031 observed: ni/z (1032 M+H) .20 EXAMPLE 44 Preparation of

Pent a- cycl o( d u-Lys) - G u- Apc- (D) Phe- Arg- Tr p- Lys- NH2 Fnoc- Li nker-BHA resin

(720 rang, O. ;pég_ |]% f : | e wer£ subji ect to soli has
synt hesi s usilﬁg ro eg(ﬁ)%egﬁ@rﬂl%ég a Sggomiﬂrxﬁm Ege%&“i’eﬁegs Lﬁ%?detgﬁ@for med
usi ng FBTPhasesyRthesipasingProtosol d slessribedpbaye mil conplixgs PE pedomapdivsing FBTUbase.

ﬁic’é <9 lélp} igggsa@mé BaplRIget 8hd DIFRA3QhnieT aF1RRE W3Y HupRRy ¥R W24 Jied of
one cyge each with Fmoc-Dpr (Boc) (530 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol),

Fmoc-Trp (520 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), PFmoc-Arg (Pmc) (800 mg, 1.2
mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) and HBTU (452 mg,
10 1.2 mmol), Fmoc-Apc (550 mg 1.2 mmot) and HBTU (452 mg, 0.6 mmol), Fmoc-Asp (OBut)
(500 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol). The peptide resin was carried through
steps 1 - 5 of protocol 1, washed with CH2Cl (three times) and treated with 2 mL acetic
anhydride in 6% DIPEA/CH)Cly for 30 minutes. The resin was filtered and washed successively

with 50 ml each of CH2Cly (two times), isopropanol, and CHpCly (three times). The resin was

AV

15 dried under vacuum to yield 1.1 g of Acetyl-hexapeptide resin.

The Acetyl-hexapeptide resin was treated with 100 pL ethanedithiol, 100 pl

dimethylsulfide, 250 uL anisole, and 10 mL trifluoroacetic acid at room temperature for 180 min.

The resin was filtered off, washed with ~2 ml TFA and the filtrates precipitated in chilled ethyl

ether. The precipitates were centrifuged and the ether layer decanted. The residue was washed
20 with two or three volumes of EtyO and recentrifuged and the crude linear product was dried

under vacuum to yield 200mg of an off-white solid. The crude peptide was subjected to
cyclization without purification,

210 mg of the crude linear peptides was dissolved in 220 ml of DMF, 500 uL of N-methyl
morpholine was added to have an apparent pH of 8.0. 280 mg of BOP was added and the |
25  cyclization was monitored by HPLC. Typically the cyclization was completed within 18-24 hous.



- 155 one cycle each with Fnoc-Lys (Boc) (565 ng, 1.2 ) and U (452
nyg, 1.2 mol), Fnoc- Trp (520 ny, 1.2 mmol) and HBTU ?ggf%ﬁﬂﬁnﬁﬂg%hnnl),
Froc-Arg (Pnt) (800 ng, 1.2 mmol) and HBTU (452 ng, 1.2 mmol), Fnoc- (D) Phe
(480 my, 1.2 mmol) and HBTU (452 ng, 1.2 nmmol), Fnoc-Apc (550 ng 1.2 nmol)
and HBTU (4{4 ¢3ls43P- 6 Mol ), Fnoc-du (OBut) (510 5 ng, ﬁcﬁrzﬁﬂﬂ%&m and HBTU
(452 ng, 1.2 mmol ). The peptide resin was carried through steps 1- 5 of
protocol 1, washed with CH2C12 (threel®ines) and treated with 2 nL valeric
anhydride_in % DI PEAl CH2Cl 2 for 30 monutes. The resin was fj|ltered and
washed suéégggfa%?fm‘{ d de)stiyp the zegciiomy, PNV wrs emperafRs i varuEm, aqffstbiﬁeaﬂm| ,
and CH2Clzattideruiré wipurifiddby HeBC.n was dried under vacuumto yield 1.1 g
of Pentyl - hexapeptide resin. 10 The Pentyl - hexapeptide resin was treated
with 100 pL j t b j [ 5 (s 10 nL
trifluor Oaceﬁi@?ﬁ:@?&f@%&#ﬁ%ﬁnﬁt e ergggié%#’%?&‘%g—gﬁ' r%%mpv}lldﬁgqszgc%hﬁmv\gsp

filtered ®f9 comhendrlnedvitna lipeapgradient of 20+69% 8 (buffer Ax0.4% THALHQibuferdy 0119

chill ed efrRYICHENIST 90 nkhhe, fidivasie BinllAhiB SdenRfich RO ML Thi gt fakhwinar 8t her | ayer
he h two,or. three s of Et.20 and

decant ed. The. resi.due was w t ol u

recentri fa‘bﬂz‘%‘ﬂﬁ?@?@d&% Soflzced frectignacopied apclentiizad syl dbms (STt 1 o

yi el d 255whitgamarphotf powiet. eTlsodonthoudd @astonidgereens bydePMa SLR Blbjtespay t o
cyclizati gngwi .purificati of the crude linear peptides was
di ssol vedefsﬁw%g%#}l'%?w&wgﬁggfﬁﬁ?mt hyl morphol i ne was added to
have an apparent pH of 8.0. 280 ng of BOP was added and the cyclization
was nmonitored by HPLC. Typically the cyclization was conpleted within 18-24
hours. 20 10 nml of water was added to stop the reaction, DV was evapor at ed

in vacwu LEae resulting reaction mxture was purified by HPLC. This
crude cyclic material was purified by preparative HPLC on a Vydac

C18-colu alut it N i adj 20-60% B
(buffer Rﬁ- %%&’%@g&f@ﬂ%%?g g;s"[g’:rﬁgl.“%}éuf%ﬁ%eql r‘ggg]g’%nﬁ’r%?zf low rate 8
m /m'n, detection 280 run. The main peak was cut by 25 analytical HPLC

anal ysis of collected fractions, pooled and | yopht ed to yield 60 ng
(15% of a white, lanorphous powder. -3 ) s honbgeneous by
HPLC. LR-El ectrospray C55pi747+ = . : & seryed: mz (1032MtH).
28 February 2005 WO 02/.]184%

(.

Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid

phase synthesis using Protocol 1 described above. All couplings were performed using HBTU in

15 DMEF as the coupling agent and DIPEA (3 equiv.) as base. Six coupling cycles were performed of
one cycle each with Fmoc-Dpr (Boc) (530 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol),
‘Fmoc-Trp (520 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-Arg (Pmc) (800 mg, 1.2
mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-(ID)Phe (480 mg, 1.2 mmol) and HBTU (452 mg,

‘ 1.2 mmol), Fmoc-Apc (550 mg 1.2 mmol) and HBTU (452 mg, 0.6 mmol), Phthalic anhydride

20 (660 mg, 6 mmol) in DMF with 1.1 ml of DIPEA. The resin was filtered and washed
successively with 50 ml each of CH2Cl2 (two times), 4i§,c:)propanol, and CH2Cly (three times}),
The resin was dried under vacuum to yield 1.0 g Pentapetide resin.

The pentapeptide resin was treated with 100 pL ethanedithiol, 100 uL dimethylsulfide, 250

KL anisole, and 10 mL trifluoroacetic acid at room temperature for 180 min. The resin was



PCTI EPOl/ 09630 - 156 EXAMPLE 45 Pr epar ation of Pent-cycl o(ﬁ,;sp %
Apc- (D) Phe- ArgTrp-Orn NH2 Froc- Li nker-BHA resin (720 nd bﬂ‘% gsfrom
Exanpl e 29 were subjected to solid 5 phase synthesis using Protocol |
descri bed above. Al couplings were performed using HBTU in DM as the
coupl i ng aggm@tezaagy DI PEA (3 equiv.) as base. Six coupl i ngef¥sdiasssyer e
performed of one cycle each with Fnoc-Orn (Boc) (550 ng, 1.2 mml) and
HBTU (452 ng, 1.2 mmol ), Froc-Trp (%¥8-ng, 1.2 mml) and HBTU (452 ny, 1.2

Froc. { D) PRUCCHE TR 028 Tt PAind oG pefaopizteay il elfdieher U8 s

(550 ng 1 pzecrprmﬂes waecknhiflgéd(ad8 Zhergther Ryd dermmtel, 'Iﬁamldﬂswadﬁﬁﬁd)wxﬂn(tﬁﬁ Gr Ny,

éL hrZOtrJngnﬁI )st eps (MFI& gﬁtg% Pr ot ocwigmeagd%ha%if&%e? t"%\@ ’"r'ﬁeté’) and

treated wylehl 20 mg of s eff-iwdite solidy The cekleipBptibovial REAéEIdRE LR 'bn3ﬁi:hﬂiltnUt es. The
resin was thctaﬁ&?d and washed successively wth 50 ml each of CH2Cl2 (two
tinmes), gopropanol and CH2CI 2 (three times). The resin was 15 dried under
vacuumto yield 1. 15_ g of Pentyl - hexapeptide resin. The. Pentyl -hexapeptide
resin was tre20eug ofitherradifinedr repiides wak di&sbhédm]?ﬂﬂngbeMFnﬂlmdeiema 250

i.sol 1 n.
The rear stxoRitpdfsdiald o UaBEEL pril, “oad QERHCPRGL Bl frd B 2°0 ™
preci pi t acEdzation was inpritpred birAPLG lypirally theecydizabopivasaonmpletsdrvathin H-24 Hamged and
the ether 1haysfwAgsAIRR4 tJAaﬁ; 1 Pdatitin, PRE WRSPGHrAQ iﬂﬁva&ugm @{he}efa@ralﬁ%

vol unmes of R20 and recentrlf ed and the crude 1inear prodict was
under Yac ERFHPFREIUES s PIORE of f-white solid. The crude peptide was
subjected to cyclization w't hout purification. 240 ng of the crude |inear

pepti des was Thiseodesgdicimat@2dwad praifiedBbfprepatieHPIIC Mt ae¢day C18-08luph¢2.5 ne was
added to B

cyclizati g%ﬁ%ﬁ;ﬁh&%ﬁi‘?ﬁﬁ% Eﬂaf—éﬁ%e&ff%a %¢8ﬁeg§0\é\? ﬂ?% bmuggr%(@ﬁﬁ%et ed
within 18 EN%GN%m%@smneﬂpwaﬂys z@man,\wegmmm:sﬂn HE pEpopsb9esait by 157 10,

m of wat ghalyied HEUEGHallds SO clel &aétRAS poBlRd atdMyoliBfze8 YARANSH BEL (B Bh) bREOU,

and the respltin
E.IUE, amorgphous powder. This compound was homogeneous by HPLC. LR-Electrospray

CspHszN1 O7 cal: 924 observed: m/z (925 M+H).

EXAMPLE 50

.. Preparation of Cyclo(succinic acid-Dpr)-succinic acid-Apc-(D)Phe-Arg-Trp-Dpr-NH,

ST

N

20

Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid
Pphase synthesis using Protocol 1 described above. All couplings were performed using HBTU in
DMF as the coupling agent and DIPEA (3 equiv.} as base. Six coupling cycles were performed of
one cycle each with Fmoc-Dpr (Boc) (530 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol),



reaction mxture was purifi ed by HPLC. This crude cycli %Fn%t eri was
purified by preparative HPLC on a Vydac C18-col um (2. 2 5and
eluted with a |inear gradient of 20-60% B (buffer A 0.1% TFA/ H2O, buffer
B: 0.1% 5 TFAICH3CN) in 90 mn., flowrate 8 mImn, detection 280 nm The
mai n peak wa® Mgy anal ytical HPLC anal ysis of coll ect ggrfpagbds®ns,
pool ed and |yophilized to yiejd, 53 ng é3130/() of a white, anorphous powder.
Thi s conmpound was honobgeneous by HPLELO3-R- El ect rospray C53H70N12C8 cal :

pent a-cydati 3609 e ateoh o e Tl dgrofee B hhadrormizes:

(720 ny, @nmol NMBTU {4 25ng 2 remaD), usoce D3Pl (emmg, ItZInﬁlﬁl)ladd HBTaR@sEMat hesi s

P d HBTU
e urv‘élé?ﬁfe%‘ﬁ% HER ﬁpge;;@.gg;ﬁa%gf SRR K s FmB0.SHERE el O o
cycl es werk@0 ﬁ% Gﬁ@l Yyl of JEEA ﬂhemesmﬁbmed@&washécmo my, 1.2

nol )  and siiBdssivd: 80 roph YE HBTU
(452 mg, 1.2 mool). ¥ 50t dack g (pn%%Z‘“Fm“) %E@%%rln%ﬁ)c AL g,

1.2 ol ) Therseeapyipedugdegracaymn tq yigl mf)en@mdemm (452 ng, 1.2 mml),
Frnoc- Apc (550 ng 1.2 mmol ) and HBTU (452 ng, 0.6 mmol ), knoc-Asp (OBut) 20

- (500 ng, 1.2 phiichtapBstiddBdih 443248 ﬂl
carried through ste%gll 5 of p?otg%o &lﬁdlﬁhwthm%lﬁi%ﬁ%mﬁdr €€ times)
and treat &8 anseley apd Mnﬂaiiﬂumroacemﬁthtr@mtempé%ﬂ REAIGHRCITRe k@in va® M nut es.

The resin I n ceesslve e f CH2C12
(two times ; |Is){(§’p#ag%e§§~ol dza%f%tg 1?1% e%re?ig%‘\é%m%ﬁ%d%é ﬁ’%\é@ dried
under ¥c Dtesipitefesiest centrifiigedpndfiiresthey laytralecaptadt THeresidsd was vzghedatithutao yr 2005

WO 02/ 184 &k eReldnks EC d
with 100 atELEPet han%?@%f%lq ef%%& Eﬁ&dgﬁﬂé%h W?‘Pfﬁgé‘g’%dﬁ?ﬁ ;&ézrﬁaégﬁlﬁls%lrgat Snd

10 L tri Hied@romgef me offoihite solidk 'ﬁbemrudz:rmpmcbtwas eubj@ted @G chigation wikheutr esi n was
filtered gifigcaMgished with -2 m TFA and the filtrates precipitated in
chill'ed ethyl ether. The precipitates were centrifuged and the ether |ayer
decanted. The residue was washed 5 with two or three volunes of Et20 and
recent ri f ugeP28 g afitee @prdplimenn peptides prodiselvedind 26 mil sfDMEHOML\ENmethilo yi el d

220y pf aRnMbolindWisdBasPloiitve aBNGpoEder KR | 98 MBS FOPRESUE 4 the
cyclization was monitored by HPLC. Typically the cyclization was completed within 18-24 hours.

10 ml of water was added to stop the reaction, DMF was evaporated in vacuum, and the resulting
reaction mixture was purified by HPLC.

uw—

This crude cyclic material was purified by preparative HPLC on a Vydac C18-column (2.5
20~ X 20 cm) and eluted with a linear gradient of 20-60% B (buffer A: 0.1% TEA/H,O, buffer B: 0.1%
TFA/CH3CN) in 90 min., flow rate 8 ml/min, detection 280 nm. The main peak was cut by
analytical HPLC analysis of collected fractions, pooled and lyophilized to yield 31 mg ( 8 %) of a
white, amorphous powder. This compound was homogeneous by HPLC. LR-Electrospray '
CysH57N1107 cal: 876 observed: m/z (877 M+H). |

25



cyclization without purification. 220 ng of the crude | es was
dissolved in 220 mM of DWP, 500 L of N-nethyl norphol |4§¥%&%‘%§%@ to have
an apparent pH of 8.0. 280 ng of BOP was added and the 10 cydi zati on was
nonitored byHPLC. Typically the cyclization was conpleted within 18-24
hours. 10 o @Rfssater was added to stop the reaction, c{gﬁﬁog@g@por at ed
in vacuum and the resulting reaction m xture was purlfle by HPLC. This
crude cyclic material was purified byl&dreparative HPLC on a Vydac
C18- col umh%ﬁﬁé 20 cm) and eluted with a linear gradient of 20-60% B
(buffer A A/ H20, buffer B. 0.1% 15 TFAICHSCN) in 90 mn., flowrate
8 mM/mn, detection 280 rim The main peak was cut by analyti cal HPLC
anal ysi s dlrepaition of €xkld(mmlric acidDprpoaleicthcidntbd () Phé-ArgzEep-Dpr-MHgl d 35 rag (9
% of a white, anorphous powder. This conpound was honbgeneous by HPLC.
LR-El ectrospray C52H68N12C8 cal: 989 observed: mlg (990 M+H). 20 EXAMPLE
47 Preparation of Penta-cycl o(Asp-Dpr)-Asp- D) PRe- Ar g- Tr p- Dpr- NH2 28
February 2005 WO 02/ 18437 PCTI PPOL/ -159 [
nmg, 0.4 mmol) from Exanmpfe 2 e jected tonsqlid phase synt hesi s
usi ng Protocol | descri above. A%Iﬁ;loupl i ngs jwelve pey formed using HBTU
in DM as the couplind agent and DI ase. Six coupling
cycles were perfornmed o cli it h IEnoc- Dpt/ (Boc) (530 ng, 1.2
mol ) and HBTU (452 ng, d.2 00!y, B Fhoc-Trp (§20 N2 mol) and HBTU
(452 mg, 1.2 rnnol), Fnoc-A Pnt) ©( 800, ny, and HBTU (452 ny,
1.2 mol), Pnoc-(D)Phe (480 mg, 1.2 nmol i_and HBTU (452 nmg, 1.2 xnnol),
Frroc- Apc (550 ng 1.2 mol) HBTU (452 iy, 0.6 mol ), 1 oc-Asp (OBut)
(500 ng, 1.2 mmol) and HBTU 2 ng, 1.2 | ). The peptide resin was
carried through steps 1- 5%f~protocol 1, washed with CH2Cl12 (three tines)
and treated with 2 nL valeric 10 anhydride in 6% DI PEAI CH2CI 2 for 30
m nut es. The eS| | ter was cessively th, 50 each of
CH2CI 2 (two N 2‘?}%} r@:&’ &U@Qggfﬁm( P@E% i@fe%m,s N was
dri ed uhdghase amﬂum tlsmg/fﬁ’retodolill dascgibar abBen tAll cohﬁkgpwpﬁelpéﬁofn&ﬁlu&ng ABFU in
Penty! - NeXARER'hABupBY Bedtdia ISR 6 ot & b8 she GLPRNRTULINRL pertbD0edbe
one cycle each with Fmoc-Dpr (Boc) (530 mg, 1.2 mumol) and HBTU (452 mg, 1.2 mmol),
Fmoc-Trp (520 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-Arg (Pmc) (300 mg, 1.2
mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (486 mg, 1.2 mmol) and HBTU (452 mg,
10 1.2 mmol), Fmoc-Apc (550 mg 1.2 mmol) and HBTU (452 mg, 0.6 mmol), Maleic anhydride
(600 mg, 6 mmol) in DMF with the addtion of HOBT (800 mg, 6 mmol), without DIPEA. The

resin was filtered and washed successively with 50 ml each of CH2Cly (two times), isopropanol,

and CHCl (three times). The resin was dried under vacuum to yield 1.0 g Pentapetide resin,

The pentapeptide resin was treated with 100 pL ethanedithiol, 100 puL dimethylsulfide, 250
15~ pL anisole, and 10 mL trifluoroacetic acid at room temperature for 180 min. The resin was
filtered off, washed with ~2 m! TFA and the filtrates precipitated in chilled ethyl ether, The
precipitgtes were centrifuged and the ether layer decanted. The residue was washed with two or
three volumes of Etz0 and recentrifuged and the crude product was dried under vacuum to yield

_ 230 mg of an off-white solid. The crude pepnde was subjected to cyclization without
20 purification.

230 mg of the crude linear peptides was dissolved in 220 ml of DMF, 500 pl, of N~methyl
morpholine was added to have an apparent pH of 8.0. 280 mg of BOP was added and the
cyclization was monitored by HPLC. Typically the cyclization was completed within 18-24 hours.



“ d| met h.yl sul fi de 250 pL 'a'n'i so-l e énd 10 mL trifluor oac?eédg ?dd 3” oom
' Y 208

tenperature for 180 15 The resin was filtered off, was TFA
and the filtrates precipitated in chilled ethyl ether. The precipitates
were centrifuged and the ether | ayer decanted. The resi due was washed wth
two or thregoughsyyes of Et 20 and recentrifuged and the cpgfepdisigar product
was dried wunder vacuumto yield 200 of an off-white solid. The crude
pepti de was subjected to cyclizationI&ithout 'purification. 20 200 nmy of

t he crude i r_peptides, was di ssol.ved.in 220 m of. DVF, 500, pL of .
ety B R L R ROE DM i i B 1 BstHERer B0
was added reasidon mixture b purdfiad by HREE. noni tored by HPLC. Typically the
cyclization was conpleted within 18-24 hours. 10 ml of water was added to

stop the reacthi9BudPMlivaneBARe pRiMRd bl BrepAGHEAPIRNGh 4 Vit e841Lhig (35
reaction métuie S 5ur.thf|,ed b H%(g. 5 This crude cyclic material was
puri 11 ed By s el avihye iness gfadientaf 20-6Boe (BB 08 FALO Gulipn: Gath
el ut ed i MEAMCH;ON)an QQWJMranf@@nﬁQ&&&ﬁézbﬂﬁﬂfxﬂﬁ. The okdinl feal wdN doiely  buf f eL
B: 0.1% i n 1 R, ow rate MmN, tection r.m The
mai n peak%@ﬂ%mﬁdﬁgﬁ |°@5ﬁtedl$f@n§’r;’éﬂ°§;§ia§n& %?P%B%cﬁg%?%???‘ﬁﬁ% ﬂt"‘}
pool ed andvhits@pierptions dowdery This corgund way I8Myogedeons by#PL@, LRaRectpispag  powder .
Thi s conpeiypd, meggﬁmg:mégﬁ{@,ml}_l?- El ectrospray 30 C51HG6sNi 208 cal :
975 observed. z (976 M+rH). 28 February 2005 WO 02/ 18437 PCT/ EPQ/ 04630 -
160 EXAMPLE 48 Preparation of
Ac- cycl o( Asp- Dpr) - Asp- Apc- ( D) Phe- Ar g- Tr p- Dpr - NH2 Fnoc- Li nker-BHA resin (720
ng, 0.4 mmol) from Exanple 29 were subjected to solid 5 phase synthesis
usi ng P oEBAMIPLE 5descri bed above. All couplings were perforned using HBTU
in DM as the coupling agent and DI PEA (3 equiv.) as base. Six coupling
cycl es wepgoRath che, eac (1R De- D (Boc) (530 ng, 1.2
nmol ) and HETU (ﬂgﬁﬁ&f@%ﬁfm ‘E%g@)%%&{ g%i@ﬁi- 2 mmol ) and HBTU
(452 mg, 1.2 mol), Fnoc-Arg (Pnc) (800 ng, 1.2 mmol) and HBTU (452 ng,
1.2 mol ), Fnoc-(D)Phe (480 1.2 r ma. ol Nng, 10 1.2
nmmol ), Enoc-Apc (550 ng 1.2 (452 ng, Q.6 ), Fnoc-Asp
(OBut) (500 nmg, 1.2 mml) a HBTU (452 ng, 1.2 he peptide resin
was carried through _ /@
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Fmoc-Linker-BHA resin {720 mg, 0.4 mmol) from Example 29 were subjected to solid

phase synthesis using Protocol 1 described above. All couplings were performed using HBTU in

15 DMEF as the coupling agent and DIPEA (3 equiv.) asbase. Six coupling cycles were performed of
one cycle each with Fmoc-Lys (Boc) (565 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-
Trp (520'mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-Cit {480 mg, 1.2 mmol) and
HBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol),
Fmoc-Apc {550 mg 1.2 mmol) and HBTU (452 mg, 0.6 mmol), Fmoc-Asp (OBut) (500 mg, 1.2

20 mmol) and HBTU (452 mg, 1.2 mmol). The peptide resin was carried through steps 1 - 5 of
protocol 1, washed with CHCly (three times) and treated with 2 mL valeric anhydride in 6%
DIPEA/CH2Cl2 for 30 minutes. The resin was filtered and washed successively with 50 ml each
of CH2Cl, (two times), isopropanol, and CH2Cl2 (three times). The resin was dried under
vacuum to yield 1.3 g of Pentyl-hexapeptide resin.



mét'eps 1- 5 of protocol 1, washed Vvith CI-|2C12 (three ti %SF) nd. L Vted W|th
2 nmL acetic anhydride in 6% DI PEAJCH2CI 2 for 30 m nutés. E'Pﬁé 22?% was
filtered and washed successively wth 50 ail each of CH2A 2 (two tines),

i sopropanol, and CH2C12 (three times). The resin was 15 dried under vacuum

to yield 1. womzagssAcetyl - hexapeptide resin. The Acetyl - hgxpppRkbgs resin
was treated with 100 pL ethanedithiol, 100 L dinethylsulf de, 250 gL

anisole, and 10 nL trifluoroacetic acl@-at roomtenperature for 180 nin.
The resin was filtered off, washed with -2 ml TFA and the filtrates
preci pi tated [TAe Bentylthegansplide resirewdsdreated wish potach gharetligsiop@doquicent ri f uged and

- the ether j. ..The resjdye was washed, .20 with two ar three

vol unes of%?@@s@%%%gghﬂﬁogﬂggb M‘Eoﬁﬂﬁ*’é“q FARYR emRSFRIEE ?‘Wégo #int-ed
under vac Ulawresin was @ltere@ 0ffmpashdd vth f thl THA dnd thefilirthes flacipRatetia chllpd dBg Was
subj ect ed I i i Lo urdfication.. 21 of the crud i near
pept i des \Acg{s%r d@ség%% ée%{$ﬁ%¥2 nhjl%%?a‘“&{?%e%g VEr ¢ @ﬁﬁ“ﬁﬁﬂ’%‘%ﬁ#}e was
added td Rathdwa ar tsgsaobmes pfEo a8d enp@BgeipndithRERlalasagptdddt endirieie 25
cyclizati 559[14 LC, i t he cygl.ization s conpl et ed
wi thin 18- i&ﬁ%urg. °%ﬁ%¢%%&§mﬁgd@%ﬁ%#%%%ﬁ%ﬁﬁ%ﬁg%%° 161 10 n
of water wedizaiignadthpet purifisatidne r eacti on, DVMF was evaporated in vacuum and
the resulting reaction mxture was purified by HPLC. This crude cyclic

materi al was rifd PhGD y. 2 . a =c0lu 2 x 20
cm) and el ut e%névdl %%ﬁge %}i)ﬁﬁear Jlle\éﬁvtay%%s 912’8&%1%8 %Bﬁlﬁ?&%l. %&I&F%‘%A/ H20,
buf f er B: mprplwlingwarddaiRdiye anmppremtiph] of 8. 0280 g of BOPiwhsrddad aliehect i on 280
nm The Mjlz4eakyasns by td Gl @ﬁ?\;r S . ect

fracti ong? ol ed and Igg%ﬁ?lﬁg% i(f)::m;;);’iﬂé 35 3 rrg%(é §.%p%gequ§{bmvﬁ féejl?ours'

anor phous 1HBharaterifas added o siop the Frastion, Y strporedRvauunRaEd e resdtipg ay
C4s HoON1 2 68 ctidd mixBswadseifeety HPILEC. (934 MrH). 10 EXAMPLE 49 Preparation of
Cycl o(phthalic aci dDpr)-phthalic acid-Apc-(D)Phe-Arg-Trp-Dpr-NH2

ol id phase mury Ra Fehe ARl ype By drgprede ARt Braat AL cdliphTFne vor e
per f or med*&e A d with a linear gradient of 20-60% B (buffer A: 0.1% TFA/H,O, buifer B: 0.1%
15 TFA/CH3CN) in 90 min., flow rate 8 ml/min, detection 280 nm, The main peak was cut by
analytical HPLC analysis of collected fractions, pooled and lyophilized to yield 80 mg (20%) ofa
white, amorphous powder. This compound was homogeneous by HPLC. LR-Electrospray
Cs4H71N11 0y cal: 1018 observed: m/z (1019 M+H).

20 EXAMPLE 53

Preparation of Penta-cyclo(Asp-Lys)-Asp-Apc-(D)Phe-Ala-Trp-Lys-NH,

Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid .
phase synthesis using Protocol 1 described above. All couplings were performed using HBTU in
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cycles were perforned of. one cycle each with Fnoc- Dpr
mol ) and HBTU (452 ng, 1.2 mmol), Fnoc-Tip (520 ng, 1.2 mml) and HBTU
(452 ng, 1.2 mmol ), Froc-Arg (Pnt) (800 ng, 1.2 nmol) and HBTU (452 ny,

1.2 mmol), Wwaaensd) Phe (480 ng, 1.2 mmol) and }{BTU (452pfHwporkeede O! ),

‘Frmoc- Apc (550 ng 1.2 ranol) and HBTU (452 ng, 0.6 mmol ), Phthalic anhydride
~ 20 (660 ng, 6 nmmol) in DMV with 1.1 nl676f DI PEA. The resin was filtered and
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under vacuum to yield 330 mg of an off-white solid. The crude peptide was subjected to
cyclization without purification.

330 mg of the crude linear peptides was dissolved in 220 ml of DMF, 500 pl of N-methyl
morpholine was added to have an apparent pH of 8.0. 280 mg of BOP was added and the
20 cyclization was monitored by HPLC. Typically the cyclization was completed within 18-24 hours.
10 ml of water was added to stop the reaction, DMF was evaporated in vacuum, and the resulting
reaction mixiure was purified by HPLC.

This crude cyclic material was purified by preparative HPLC on a Vydac C18-column (2.5
X 20 cm) and eluted with a linear gradient of 20-60% B (buffer A: 0.1% TFA/H,0, buffer B: 0.1%
25  TEA/CH3CN) in 90 min., flow rate 8 ml/min, detection 280 nm. The main peak was cut by
analytical HPLC analysis of collected fractions, pooled and Iyophilized to yield 87 mg (20%) ofa
white, amorﬁhous powder. This compound was homogeneous by HPLC. LR-Electrospray
Cs1HgsNoOg cal: 932 observed: m/z (933 M+H).



Preparation of Cyclo(succinic acid-Dpr)-succinic acid- q:é@frggoégg

Tr p- Dpr- NH2 20 Fnoc- Li nker-BHA resin (720 ng, 0.4 xmaol) from Exanpl e 29
were subjected to solid phase synthesis using Protocol | described above.
Al'l couplings were performed using HBTU in DM as the coupling agent and
Dl PEA (3 equwiomis@s base. Six coupling cycles were perfopgpgpffoesspne cycle
each with Fnoc-Dpr (Boc) (530 ng, 1.2 mmol) and HBTU (452 ng, 1.2 mmol), 28
February 2005 WO 02/ 18437 PCT/ EPO / 49B86 - 163 -Fnoc-Trp (520 ny, 1.2 mmol)
and HBTU 1.2 mmol), Fnoc-Arg (Pnt) (800 ng, 1.2 mml) and HBTU
(452 mg, T 4, Frnoc- (D) Phe (480 ng, 1.2 mmol) and HBTU (452 ng, 1.2
mmol ), Fnoc-Apc (550 ng 1.2 nmmol ) and HBTU (452 ng, 0.6 znnol), Succinic
anhydr i de Pr¢paodionpf A6-Nisvojiclo(Cys-CRIFCys-Apt-(D) Bhevhrgofrp Ry, The resin was
~filtered and washed 5 successively with 50 mMl each of CH2A 2 (two.tinmes),
i sopropanol, and CH202 (three tines). The resin was dried under vacuumto
yield 1.0 g Pentapetide resin. Th pent apepti de NesiN was treated with 100
M. et hanedithiol, 100 gL dinethyl gul £l de, 250 gL &nisole, and 10 niL
trifluoroacetic acid at r tenperpture for 180 #¥n. The resin was
filtered off, washed with}-2 ml TPAand the filtrfates precipitated in
chilled ethyl ether.gQTh 0 preoi @ es weye ntrifuge® t he et her

ashed wit il twd ory thijee yol unes of Et20

| ayer decanted. The jesildueynas K
and recentrifuged and NheJtrude Nr%’uc wadNdrijfed yhdeN"vaguum to yield
220 mg of an off-white solg d. R The cr wle tide biectefl to
cyclization without ©purificatien. 220 ng e crudellimedr peptides was
di ssolved in 220 m of DWVF, 500 LNof N et 15 nor pirokd was added to
have an apparent pH of 8.0. 280 ng wvf BOP was added w cyclization was
nonitored by HPLC. Typically the cydigati on was conpl eted M thin 18-24
hours. 10 m of water was added to stdptie Teactiom—DME was evapor at ed
in vacuum and the resulting reaction mxture was purified by HPLC. This

C1s: ol i, (7 8020 20 oo i £ 2 et e P 400 con
(buf f er® APPEYS %tbﬁﬁﬂ ] i gescpibedypboyg, ouplings were performed using HBTU in
DMEF as the coupling agent and DIPEA (3 equiv.) as base. Seven coupling cycles were performed
of one cycle each with Fmoc-Cys (Trt) (710 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol),
Pmoc-Trp (520 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-Arg (Pmc) (800 mg, 1.2
_ mmol} and HBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) and HBTU (452 mg,
10 1.2 mmol), Fmoc-Apc (550 mg 1.2 mmol) and HBTU (452 mg, 0.6 mmol), Fmoc-Cys (Trt) (710
mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-Nle (430, 1.2 mmol) and HBTU (452 mg,
1.2 mmol). The peptide resin was carried through steps 1 - 5 of protocol 1, washed with CHClp
(three times) and treated with 1 mL acetic anhydride in 6% DIPEA/CH;Cl3 for 30 minutes. The

resin was filtered and washed successively with 50 ml each of CHaClo (two times), isopropanol,

15 and CH2Clp (three times). The resin was dried under vacuum to yield 1.2 g of Ac-Heptapeptide

resin.

The.Aci-heptapeptide resin was treated with 100 pl ethanedithiol, 100 pL dimethylsulfide,

250 pL anisole, and 10 mL trifluoroacetic acid at room temperature for 180 min. The resin was
filtered off, washed with ~2 mi TFA and the filtrates precipitated in chilled ethyl ether. The

20  precipitates were centrifuged and the ether leiy'er decanted. The residue was washed with two or

three volumes of EtyO and recentrifuged and the crudg linear product was dried under vacuum

1o yield 250 mg of an off-white solid.

This crude linear peptide was purified by preparative HPLC on a Vydac C18-column (2.5x
20 cm) and eluted with a linear gradient of 20-60% B (buffer A: 0.1% TFA/H,O0, buffer B: 0.1%



TFA/CH3CN) in 90 mn., flowrate 8 m/mn, detectlon Z%ngﬂjarg'b@ogmln peak
was cut by anal yti cal HPLC anal ysi s of coI | ected fractions, pooled and
| yophilized to yield 31 ng (8 %9 of a white, anorphous povvder Thi s
conpound was honogeneous by HPLC. LI Z-Blectrospray C5H57Nr107 cal: 876
observed: miwp (2A67 MrH) . 25 28 February 2005 WO 02/ 18437 pPgEbdiigsdss 09630
-164 EXAMPLE 51 Preparation of Cyclo(maleic acid-Dpr)-maleic
aci d- Apc- (D) Phe- Arg- Tr p- Dpr - NH2 Fnoc-Léhker-BHA resin (720 ng, 0.4 nmol )

from Exa re subje ted to solid 5 phase synthesis using Protocol |
descri bem%éﬁﬁa‘{l Hﬁ‘bi o faplmiss detestion d8Qnmn Ehemupeak wapRit bis t he

coupl i ng agelpticaBELOhikkAis ()Bcoﬂékuéd/&écuaﬁs,gﬂ@lan@l% pRIBEA th PRl A GheST pHRAGI
performadlgl {;ltidcycle each with Pnoc r (Boc) (530 ng, 1.2 rrm)l) and
HBTU (452 mg, mml) Frnoc- Trp (520 ng, 1.2 mmol ) and HBTU (452 nag,
1.2 mol ), Fnoc-Arg g (800 nmy, 1.2 mmol) and HBTU (452 ng, 1.2 nmol),
Fnoc- ( D) Phe (Zh@pwyie 1411@: mnﬂd): Wmmwmfr@dsmﬂﬂteﬂWMQﬂEMerApc

550 Mys 1.a2d ANy 600 g, 6
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was filger f Jﬁ‘lﬁ}% 2@9‘ ated in
chill e(%& etdﬁefﬂgtzﬁg?ﬁs %%Eaéﬁ ‘%}s%’i y‘é re %:Igf? %J#}Sﬁg%goge‘géf%ecggﬁsher | ayer
decant ed. Priled pak @m@s%@g&ﬂ%)pﬁmuﬁedcrqhm@ ol Tiiseccomppuid w® and
recentrif ihogegenane byHPLe! LHSRIRLABIES C Gl D69 bR E Y2 230
nmg of an off- %mtebzol id. The crﬁ%g péea%?opglo %/as subj e%:étﬁgd@g (g?/%:ﬂlliﬁj;g%l on

wi t hout 20 purification. 230 ng of the crude |linear peptides was dissol ved
in 220 mM of DWMF, 500 pL of N-nethyl norpholine was added to have an
apparent pH of 8.0. 280 ng of BOP was added and the cyclization was

noni toredimmiﬁé- Typically the cyclization was conpleted within 18-24
hours.

15 Preparation of Penta-cyclo(Asp-Lys)-Asp-(D,L)-Atc-(D)Phe-Arg-Trp-Lys-NH,

Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid
phase synthesis using Protocol 1 described above, All couplings were performed using HBTU in
DMTF as the coupling agent and DIPEA (3 equiv.} as base. Six coupling cycles were performed of

20 one cycle each with Fmoc-Lys (Boc) (565 nrig, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-
Trp (520 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-Arg (Pmc) (800 mg, 1.2 mmol)
and HBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) and HBTU (452 mg, 1.2
mmol), Fmoc-(D,L)-Atc (510 mg 1.2 mmol) and HBTU (452 mg, 0.6 mmol), Fmoc-Asp (OBut)
(500 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol). The peptide resin was catried through



28 February 2005 WO 02/18437 PCTI EPO /09630 -165 10 nl afrappify 2u8@s added
to stop the reaction, DVF was evaporated in vacuum and the resulting
reaction mxture was purified by HPLC. This c¢crude cyclic material was
purified by preparative HPLC on a VWdac Cl18-colum (2.5 x 20 cm and
eluted Wt hwd2rgaar gradient of 20-60% B (buffer A 01%dif¥diabsse buf fer B:
0.1% 5 TFA/CH3CN) in 90 min., flowrate 8 m/mn, detection 280 nm The
mai n peak was cut by anal ytical HPLC-&ful ysis -of collected fractions,

pool ed and | yophi li zed toyield, 28 8 % of a white, anorphous powder.
Thi s conpoiﬁ‘ﬁ}d{?\iva@wamﬁale‘n@@gé‘?whﬂggﬁg(ﬂ*@em}@ééﬁﬂ'&?mt@@ : 1 O7 cal:
874 obser vghydrifedn 69 BIPMKIT, CID X0\ es O Phe RSP REAHIAA a8 washed succe ively

(750 e v ol chct oSSt 0 ierepapolbgliiatils GhisoRimgs). Phercenoynt nesi
, , A > Rprepan P 5). $mn t hesi s
USi NG P 0t B AlundedES Fl BSPOR e pald RURLAdIRer © per [ or red i g HBTU
an

in 15 DVF as the coupling agent equi'v.) as base. Six coupling
cycles were performed of one cycle each with Fnoc.-Lys (Boc) (565 ng, 1.2

nmol ) ahd HBTUh¢ Bepyldegapentide rmms,ummmwwum@ﬂmzﬁmm) and HBTU
(452 ny, 1. ) -Gt (4 .2 1).and  HBTU [452 1.2
ot ) -~ Frrcie By Rride, 730 ot asd ok ol i Soqpy empetstge gt 0 i
I(:m)c - Apc  (BisGesirgwas filteretolf) wasid williTA2 U %9 thflFatesmkdipitdeiia glﬁﬂai ébput )

500 gy, 1.2 . ) TU.LA4 2o ). T, epi, de resjn, was
carried thr_ou'gﬁ)eg?g%asm%-@ q,gxlg g?&gﬂ%ltgg Bco e%aﬁghdééa%%ﬁh%’éﬁwﬁ‘ﬁ?@gl tinmes)
and tr eat etithiwoler thres voluragds of EtpOand yaderitdfugédrnggbe dpdetlibe@R@lRt ardr0
m nutes, in s.fi]ter a she uccessively with 50 m each of
Goe15 Y Tkl BBl ot Gan SO MRRIRE 70 TSR s il s s
dri ed undeyclizetipmithontpurifigstibn. 1. 3 g of Pentyl - hexapeptide resin. 28
February 2005 WO 02/ 18437 PCT/ EP01/ 09636 -166 The Pentyl - hexapepti de

resin-was treaifad, W, ! . 4N e sy fide, 250 L
ani sole, and 10 n{%‘{ r ?ﬁ]lgor o%@eﬁ@%g%?%&%wé 1322%18{%%%?% ur remTogé& ﬁglﬂn n.
morpholine was added to have an apparent pH of 8.0. 280 mg of BOP was added and the
cyclization was monitored by HPLC. Typically the cyclization was completed within 18-24 bours.
15 10 ml of water was added to stop the reaction, DMF was evaporated in vacaum, and the resulting

reaction mixture was purified by HPLC.

This crude cydic material was purified by preparative HPLC on a Vydac C18-column (2.5
x 20 cm) and eluted with a linear gradient of 20-60% B (buffer A: 0.1% TFA/H,0, buffer B: 0.1%
TFA/CH3CN) in 90 min., flow rate 8 ml/min, detection 280 nm. The main peak was cut by
20  analytical HPLC analysis of collected fractions, pooled and Iyophilized to yield 55 mg (14 %) of a
white, amorphous powder. This compound was homogeneous by HPLC. LR-Electrospray
Cs2HggN1205 cal: 989 observed: m/z (990 M+H).



The resin was filtered off, washed with -2 m TFA and tRedgldr) 2b@s
precipitated in chilled ethyl ether. The precipitates were centrifuged and
the ether |ayer decanted. The residue was washed 5 with two or three
vol unes of Et20 and recentrifuged and the crude |inear product was dried
under vacuumd®mydzel d 300 ng of an off-white solid. The gepEfRgEs1 de was
subjected to cyclization without purification. 300 ng of the crude |inear
pepti des was dissolved in 220 m of OWH- 500 pL of N-nethyl norpholine was
added to E@é&@ﬁggggparent pH of 8.0. 280 ng of BOP was added and the 10
cy'clizati nitored by HPLC. Typically the cyclization was conpl eted
Wi thin 18-24 hours. 10 ml owater was added to stop the reaction, DV was
evapor at e®Préparatian of PantaQEp e -AspBBiAto-(D)PheAes THNLBINEL(RaWBS purified by
HPLC. This crude cyclic material-was purified by preparative HPLC on a
Vydac Cl18-colum (2.5 x 20 cm) and eluted with a |inear_ggadi ent of 20-60%
B (buffer A: 0.1% TFA/ H20, bufder B: 0.1% ih 90 mn., flow
rate 8 m/mn, detection 280 mai n peak was by anal yti cal HPLC
anal ysis of collected fracti ghs, pool ed and | yophi
(20% of a white, anorphousjpowder. ThLiianpound T
LR-El ectrospray CMH71N1, 09 ¢al: 1048 ol

hfnogeneous by HPLC.
¥ MrH). 20 EXAMPLE

53 Preparation of Pent-cycl ofAspqLyh) - Asp-#\pck | Trp- Lys- NH2
Frnoc- - Li nker-BHA resin (72 >4 NN wte 29were subjected to
solid phase synthesf s™ishng F‘?o bove. All couplings were
performed using HBTU in 2® Februa 2005 WO 0R/ 18437 PCT/ EP01109630 - 167

y
DMVF as the coupling agent and DI -L 3 equiv.)Nas base. Six coupling cycles
were perfornmed of one cycle eaCh wth Fnoc- (Boc) (565 ng, 1.2 mmmol)
and HBTU (452 ng, 1.2 mmol), Fnoc- Trp (520 ng, 1.2 mmol) and HBTU (452 ny,

I1:. 2 mol ), Fmpc- %&%@g‘\%ﬁ (12.02 mbml ) algd HBTU (452 np, 1.2 m%ylci) :
moc- (D) Phe (‘AU rger-P 15202 Odpamool) e rgmple 29 wigrpsbiectal taselid Apc (550
nmy 1. 2 snphdse gmthesiBEbg(Rt6idcot) de@ribedabols. ,A@ggmg@m@ PBbrined 990z ABTU 1n 2
Tol) ANODRE e tBE I g Rad BRIe (3 Pl DR Sl B 3bhg s peirmhel o 9"

one cycle each with Fmoc-Lys (Boc) (565 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-

Trp (520 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-Arg (Pmc) (800 mg, 1.2 mmol)

and HBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) and HBTU (452 mg, 1.2

10 mmol), Fmoc-5-Br-(D,L)Atc (620 mg 1.2 mmol) and HBTU (452 mg, 0.6 mmol), Fmoc-Asp

(OBut) (500 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol). The peptide resin was carried

through steps 1 - 5 of protocol 1, washed with CHaCly (three times) and treated with 2 mL

valeric anhydride in 6% DIPEA/CH2Cly for 30 minutes, The resin was filtered and washed

successively with 50 ml each of CH2Cly (two times), isopropanol, and CH2Cly (three times).

15  The resin was dried under vacuum to yield 1.1 g of Pentyl-hexapeptide resin.

The Pentyl-hexapeptide resin was treated with 100 I, ethanedithiol, 100 pl

dimethylsulfide, 240 pL anisole, and 10 mL trifluoroacetic acid at room temperature for 180 min.

The resiti was filtered off, washed with ~2 ml TFA and the filtrates precipitated in chilled ethyl

ether. The precipitates were centrifuged and the ether layer decanted. The residue was washed
20 with two or three volumes of EtyO and recentrifuged and the crude linear product was dried

under vacuum to yield 240 mg of an off-white solid. The crude peptide was subjected to
cyclization without purification.



protocol 1, washed with CH2ClI 2 (three tines) and treateg 'Hrfbrfzﬂbs val eric
anhydride in 6% DI PEAI CH2C12 for 30 m nutes. The resin was ¥| tered and
washed successively with 50 ml each of CHCI2 (two tines), isopropanol,
and CH2CI 2 (three times). The resin was dried under 10 vacuumto yield 1.4
g of Pentyl wiaafaepti de resin. The Pentyl - hexapepti de restRrpasodks eat ed
-wWith 100 pL ethanedithiol, 100 iZL dinethylsulfide, 250 p,L anisole, and
10 mL trifluoroacetic acid at roomtebfferature for 180 mn.. The resin was
filtered off, washed with -2 m TFA and the filtrates precipitated in
chilled et hyl 240angefthe qrrde linearpaplidestvas dissolved N30 it bEGMF, SM0GLtdid-methglr | ayer
decant ed. nﬂ}ﬁhﬂﬁéhﬂé’eﬁid}é@ﬁ)H@?ﬁ%ﬁﬁnﬂﬂ&éd{wzwﬁéﬁe@ﬁ% i cfan%fthgt 20 and

recentrifuged and the crude product was vacuumto yield
330 ny of Hizabop Wapmesitest bpHP el ypralichpaplizetion wassomplstedtidin 18524 hours.

cycl i zat i Q0 miiof Wstertwapuddddite atb'gm.rea%ﬁsh,mmasteb@oﬁtmﬁ vhReR ind @R RS, Was

di ssol v5edréan.0220. m_ of DIVFedg g}ﬂi of N-nethyl = norpholine was added To
have ar’ appsr@hPiXSite gps Wirled by *of BOP was added and the 20 cyclization
was nonitored by HPLC. Typically the cyclization was conpleted within 18-24
hours. 10 n Thig cmde erliewsterialdas purified by prepiretive B0 @y VIRNEChésolewa (5 at ed

|1 yacUUT a9 LORIGE A b e FRASH AL BB R TASO URC Th S

crude cycli terial_ was puri y preparative
C18-col u nﬂ-lf"’zf%\/cﬁ?'@lﬁ) B0 By dewatted H%F dgtertiona$p ngr- T Grvt main prek @6% B
(buffer Acut®yhfalytfcAVHIAC akulifshs OF coectél fdbiord PpobledbtdBEPilited PR eld Ak tha(s f | OW
rate 8mr aé/ r&{n Pget ect,on 280, nm,.The nmﬁqSPEs ak was %ﬁ%fgﬁa%ﬁgégl . HPLC
anal ysi's P oLa %?@8@?3%??%%‘&“@8“% \if ﬁ&‘?B’;S’ﬁ?qe Yil&d 87 ny
(209 of Electwisprag Cs Rz pD¢Bu sal PRl elsservadiingz ¢T08P M#H). was honpgeneous by HPLC.
LR-El ectrospray C51H65N9O8 cal: 932 observed: mz (933 MtH). 28 February
2005-WD 02/ 18437 PCT/ EPO / 09630 -168 EXAMPLE 54 Preparation of
Ac- Nl e-cycl o( Cys-Cys) - Cys- Apc- (D) Phe- Arg Trp-Cys-NH2 Pnoc- Li nker-BHA resin
(720 mwﬁ from Exanpl e 29 were subjected to solid 5 phase
synt hesi s otocol 1 described above. Al couplings were perforned
using HBTU in

Preparation of Penta-(Asp-Lys)-Asp-5-BrAtc-(D)Phe-Arg-Trp-Lys-NH; (peak 2)

15

Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid
phase syﬁthesis using Protocol 1 described above. All couplings were performed using HBTU in
DMEF as the coupling agent and DIPEA (3 equiv.) as base. Six coupling cycles were performed of
one cycle each with Fmoc-Lys (Boc) (565 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-

20 Trp (520 mg, 1.2 mmol) and HBTU (452 mg, 1:2 mmol), Fmoc-Arg (Pmc) (800 mg, 1.2 mmol)
and HBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) and HBTU (452 mg, 1.2
mmol), Fmoc-5-Br-(D,L)Atc (620 mg 1.2 mmol) and HBTU (452 mg, 0.6 mmol), Fmoc-Asp
(OBut) (500 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol). The peptide resin was carried
tbrdugh steps 1 - 5 of protocol 1, washed with CH2Clp (three times) and treated with 2 mL



DMVF as the coupl i ng agent and DI PEA (3 eqw v.) as base 2{3% 2 % |ng

cycles were performed of one cycle each with Pnoc-Cys F‘t}%% ng, 1.2
mol ) and HBTU (452 ng, 1.2 mmol ), Pnoc-Trp (520 ng, 1.2 mml) and HBTU
(452 mg, 1.2 mol), Fnoc-Arg (Pnc) (800 ng, 1.2 mmol) and HBTU (452 ng,

1.2 n;nol), woRase) Phe (480 ng, 1.2 mmol) and HBTU (452 pg@mpdi@ecke 2 nmol ),
Froc- Apc (550 ng 1.2 mmol) and HBTU (452 ng, 0.6 mmol ), Fnoc-Cys (Trt) (710
ng, 1.2 mmol) and HBTU (452 ny, 1.2 rmibfd-), Fnoc-Ne (430,1.2 nmol) and HBTU

452 , 1.2 I Th tid dth h st - 5 of
b otocol et ds it AR BB din re0rinasy Thaassirwadiedpadahel. acet i c
anhydri de sufef¥PWREA) %@&%ftﬂacﬁqwm ﬂﬂ&;@iogﬂb%mlrfr&l'émfﬁi (thtde h&fegd and

washed successively with 50 ml each of times I'sopropanol, 15
and CHz2C12theresingias griebarder vasaumde yigldvielss of Peugll-brrdpsptiderssiom to yiel d 1. 2 g
of Ac-Heptapeptide resin. The. Ac-heptapeptide resin was treat ed wth 100

pL et hanedit h'I'HéPen@y@Qeﬁbeﬁﬁd@?&sﬂW«a%%le;ﬂegﬁl 18@@[8%112}1 dﬁﬁ?ﬁ (g, @nd 10 1

trifluoroacetic acid at roomtenperat ure € resin was
filteredl cfimhethyledfivec?4finlanisglerdnd TP Alarifludrbacefic Adid fttreom m@@r@uteaztﬁdo frfin.

ayer *decanttofi i el S SRRESARPIA SR R, G531 blePldedBinelaBn"E: 20
and r ecentethier:| E@mma'tehwel@ F@mﬁlgedmdrthqﬁthﬂi daytr dvasntet. i Bt resihe wayeashedn t o
yi el d 250wmmtoﬁﬂaréafv5ruﬂt&t,m§@'amrec& nﬁﬂ%ﬁghéaﬂgghc%f&% JEwiPRRLr ! 11 ed

by preparative HPLC on a 8-co ed with a
| i near gr @éﬁ@ﬂ@wumtﬂmemaagdfmhbfffwh&e s@lid] Theléraddfzdptidbuis sebjedled 91% n 28

Febr uaky %ﬁﬂéﬁm &%ﬁﬁ%ﬂg{l EPOL/ 09630 -169 TFAICH3CN) in 90 min., flow

rate 8 m/mn, detection nm The main peak was cut by analyti cal HPLC
anal ysi s of coI | ected fractions, qg)ool ed and lyophilized to yield 45 ng of
purified |intdmgrighq@ede linigar pentides esidissolvedin qﬂémlloﬂEMF%OQiﬂs&’m-mﬂhy] n2m

of DVBO, gi Whslalaa00 i SapBLAH &30 2018, BERUBS-A0LUT LML O PH 8. 0

with NHAOH. was bubble I nto tron a Iza
moni t or ed Wﬂ%t&as monjiared pyHPHe Typisally tba ayelizatipn wesnopipletesivitkiin 1-p4 12m48

hours.  Th@mbofwitdrovs ¥difed kd’ﬁ@ihthle re@eGbrd DA A 69?0?&&(?5!(1 vQénﬁx%P tﬂ@ﬂm %&1@%
and wasg; géa&go%t L0 a sl a%%%_ﬁfc HPLC on a Vydac C18-col unn
and el ute W th i neé’r‘“_% ‘of 20-
This crude cyclic material was purified by preparative HPLC on a Vydac C18-column (2.5
x 20 cm) and eluted with a linear gradient of 20-60% B (buffer A: 0.1% TFA/H,O, buffer B: 0.1%
TFA/CH;CN) in 90 min., flow rate 8 ml/min, detection 280 nm. The second main peak was cut
by analytical HPLG analysis of collected fractions, pooled and lyophilized to yield 20 mg (5 %) of

20 awhite, amorphous powder. This compound was homogeneous by HPLC LR-Electrospray
CszHesN;3308Br cal: 1068 observed: m/z (1069 M—l—H)




60% B (buffer A 0.1% TFA/ H20, buffer B 0 1% TFAI CHSC%# fl ow
rate 8 mMmlmn, 10 detection 280 nm The main peak was t 35’{/“5% @:—hcal
HPLC anal ysis of collected fractions, pooled and |yophilized to yield 20
nmg (4.7 % of purified cyclic pepti de. This conmpound was honpbgeneous
byHPLC. LR-{loaghg@eppray Cs3H70N1203S2 cal . - 1067 observegdersbd 68 MrH) .
EXAMPLE 55 15 Preparation of Penta cycl o(Asp-Lys)-Asp-(D,L)-Atc- (D) Phe-Arg
Trp-Lys- NH2 Frnoc- Li nker-BHA resin (72074vy, 0.4 mmol) from Exanpl e 29 were
subj ected to solid phase synthesis using Protocol 1 described above. All
coupl i ngs B3MPIESE oy ned using HBTU in DMVF as the coupling agent and DI PEA
(3 equiv.) as base. Six coupling cycles were performed of 20 one cycle each
Wi t h Fnoc-Prstaratida of Péfis AspLys kA sh-530DAL}- (B Phe AR U‘rﬂﬁ—‘ﬂ.ﬁ'ZNHg(pelkﬂ nmol ), Pnoc-
Trp (520 ng, 1.2 mol) and HBTU (452 ng, 1.2 Frnoc-Arg (Pnt) (800 ny,
1.2 mol) and HBTU (452 ng, 1.2 mmol ), Fnoc- (D)Phe (48Q nmg, 1.2 mmol) and
HBTU (452 ng, 1.2 mol), Fnoc-(DL)Atc (510 ng 1. | )\and HBTU (452 ng,
0.6 mmol), Fnoc-Asp (OBut) (500 ng, 1. and HBTU (452 ng, 1.2 mol).
The peptide resin was carried : 02/ 18437

PCT/ EPOL/ 09630 -170- steps 1- d wiprhr CH2C12 (three
tinmes) and treated with 2 nL alerlc i n. 6% D\PEAI CH2C12 for 30
m nutes. The resin was~filt stvelyewith 50 nl each of
CH2Cl 2 (two tines), |Z(}ofa£ ClZ( N The resin was
dried under vacuumto yield 1. 15 f Pé’nty eptidefresin. 5 The
Pent yl - hexapeptide resin was treat th 10 pL et hanedithiol, 100 tL

di met hyl sul fide, 250 pL anisole, g 0 L tr}\l uoroacetic acid at room

tenperature for 180 min. The resin was filt¥red off, washed with -2 m TFA
and the filtrates precipitated in chilled ethyl et her The precipitates
wer e centrl f UBAGC- Biihlieﬁ-BHA@&shﬁ(WZ(b P04 E8GH fﬂ&ﬂkaﬁtﬁéi%@éﬁ%e@@&td’@ﬁ&‘ed Wi th

SEL R R R
pepti de widMBastthewupling ggentepd IDIPBA. (Soaquini) eéloast. Fixicdublingdyileswer2 pfoamedst t he
crude |'ingay cyBRRichdGih MBSc-L)s T8 YRS nid 1.2 a0ndT ol FtFr (29%d, 1 b nRhatfNeBL Y !
Trp (520 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-Arg (Pmc) (800 mg, 1.2 mmol)
and HBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) and HBTU (452 mg, 1.2
10 mmol), Fmoc-5-CI(D,L)Atc (560 mg 1.2 mmol) and HBTU (452 mg, 0.6 mmol), Fmoc-Asp
(OBut) (500 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol). The peptide resin was carried
through steps 1 - 5 of protocol 1, washed with CHoCly (three times) and treated with 2 mL
valeric anhydride in 6% DIPEA/CH2Cly for 30 minutes. The resin was filtered and washed
successively with 50 ml each of CH2Cl3 (two times), isopropanol, and CH3Cly (three times).
15 The resin was dried under vacuum to yield 1.2 g of Pentyl-hexapeptide resin.

The Pentyl-hexapeptide resin was treated with 100 pL ethanedithiol, 100 uL

dimethylsulfide, 250 L anisole, and 10 mL trifluoroacetic acid at room temperature for 180 min.
The resin was filtered off, washed with ~2 ml TFA and the filtrates precipitated in chilled ethyl
ether. The precipitates were centrifuged and the ether layer decanted. The residue was washed

20 with two or three volumes of BtyO and recentrifuged and the crude linear product was dried
under vacuum to yield 250 mg of an off-white solid. The crude peptide was subjected to
éycljzation without purification.

250 mg of the crude linear peptides was dissolved in 220 ml of DMF, 500 pL of N-methyl
morpholine was added to have an apparent pH of 8.0. 280 mg of BOP was added and the
25 cyclization was monitored by HPLC. Typically the cyclization was completed within 18-24 houss.



nprphollne was added to have an apparent pH of 8.0. 28%@ of ng s added
and the cyclization was nonitored by HPLC. Typically $ on was
conpleted within 18-24 hours. 15 10 nl of water was added to stop the
reacti on, DMF was evaporated in vacuum and the resulting reaction m xture
was purifiegdys g3kC. This crude cyclic material was purg&h@ﬁHRM30
preparative HPLC on a Vydac Cl8-colum (2.5 x 20 cm uted with a

l'i near gradient of 20-60% B (buffer A750. 1% TPA/ H20, buffer B: 0.1%
TPA/CH3CN) in 90 min., flowrate 8 m/mn, detection 280 nm The main peak
was cut byl0Zg ohwates/vasediiedpptop shearartion DME wesl aveporated frvaeino and theweshlsidg and

| yophi | i zeghction @@ wadpilied b§a¥.cof a white, anorphous powder. This
conmpound was honpgeneous by HPLC. LR-El ectrospray C52H68N1208 cal : 989

observed: mz 90 NH@% ﬁebruar d 005 WO.0 ﬁg%; gl/OQG?g
Prepar ati on o I WANRYT I BY RRepaTp el O@Q ¥ ng dak 1)
Fnoc- Li n ke!rZOBHAanéduwd me hnqn,r g0 dientafE0-50%orBofonEaraAm0| 186 TRA @ ShusiabB:ocived t 0

sol 'edpggfmﬁsﬁéggf Hg@g%;r&samag@mﬁa G5BT HE AN S Ly GLRL o
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(thz)g Lys (vd@e) &?& w Bowder 2T Binp &g]élﬁz% i A ' )os?ﬂ;go Ti pl ,
ny, noc rg nc ng, 1.
mol ) #%E%D‘%%Eﬂﬁé’g‘? bsﬁfﬁ’ﬁm’??@%é Phe (480 ny, 1.2 mol) and HBTU
(452 ng, 1.2 10 nmmol ), Fnoc 5-Br-(D, L)Atc (620 ng 1.2 nmmol ) and HBTU (452
nmg, 0.6 runol), Fnoc-Asp (OBut) (500 ng, 1.2 mmol) and HBTU (452 ny, 1.2
mol ). The peptide resin was carried through steps 1- 5 of protocol 1,
washed (y tExAMBI@Eo(t hree tines) and treated with 2 nL  val eric anhydride in
6% DI PEA/ CH2CI2 Tor 30 minutes. The resin was filtered and mashed

successi v wi.th m . ea Cl i.SOpr Qpano and CH2C12
(thr oo t1 paptation ffests- (R Lo ke St bl Ars ol Vs Geolal 1. 1 g of
Pent yl - hexapepti de resin. The Pentyl - hexapeptide resin was treated with 100
L ethanedithiol, 100 L dinethylsulfide, 240 pl.. ani Ne -and 10 ni

trifluoroacetic acid at roomtenperature for n. resin was
filtered off, washed with -2 m TFA and es pre ipitated in
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Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid
phase synthesis using Protocol 1 described above. All couplings were performed using HBTU in
15 DMEF as the coupling agent and DIPEA (3 equiv.) as base. Six coupling cycles were performed of
one cycle each with Fmoc-Lys (Boc) (565 mg, 1.2 mmol) and HBTU (452 mg, 1.2 ramol), Fmoc-
Trp (520 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-Arg (Pmc) (800 mg, 1.2 mmol)
and HBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) and HBTU (452 mg, 1.2
mmol), Fmoc-5-Cl-(D,L)Atc (560 mg 1.2 mmol) and HBTU (452 mg, 0.6 mmol), Fmoc-Asp
'_20 (OBut) (500 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol). The peptide resin was carried
through steps 1 - 5 of protocol 1, washed with CH3Cly (three times) and treated with 2 mL
valeric anhydride in 6% DIPEA/CH2Cly for 30 minutes. The resin was filtered and washed
successively with 50 ml each of CH2Clp (two times), isopropanol, and CHCl (three times).
The resin was dried under vacoum to yield 1.2 g of Pentyl-hexapeptide resin. The Pentyl-
25 hexapeptide resin was treated with 100 UL ethanedithiol, 100 puL dimethylsulfide, 250 p¥, anisole,



et her. The pr eci pi tates were centri fuged and the ether er decanted. The
resi due was washed 20 with two or three vol unes of Et2@83¥rﬁ?r¥%ﬁgﬂ9$l f uged
and the crude |inear product was dried under vacuumto yield 240 ng of an
off-white solid. The crude peptide was subjected to cyclization wthout
purificati ogyoeBsizebruary 2005 WO 02118437 PCT/ t POL/ 0963@ct4AfR el no of
the crude linear peptides was dissolved in 220 m of DWF, 500 pL of

N-net hyl norpholi ne was added to havéZé&n apparent pH of 8.0. 280 ng of BOP
was added and the cyclization was nonitored by HPLC. Typically the

cycl i zat i GReIRSLERpProreHc #id Hirepm Brperaige fos 180 min. e gesinjens Ekterpdhaffadded to

stop the reskddivah ﬂﬂ:m&maﬂ% cip méeﬁﬁtehﬁmaéﬁﬁeih@ﬁ 'I'h@?i'blcitpitﬂgs wele
eri

reaction mxt |f|ed H Thscru

purified 5™ Rﬁ%ﬁ%ﬁﬁhgs 8‘??}‘/‘?} fg’a&‘&mﬁﬁﬁ%@ i ‘Pﬁesé’iﬁd
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s

EXAMPLE 60

Preparation of Penta-(Asp-Lys)-Asp-5-MeO-(D,L)Atc-(D)Phe-Arg-Trp-Lys-NH;

.20

Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid
phase synthesis using Protocol 1 described above. All couplings were performed using HBTU in
DMF as the coupling agent and DIPEA (3 equiv.) as base. Six coupling cycles were performed of
one cycle each with Fmoc-Lys (Boc) (565 mg, 1.2 mmo}) and HBTU (452 mg, 1.2 mmol), Fmoc-



t hrough steps '1”'"5 o.f”prot ocol 1 washed with CH2Cl12 (t and
treated with 2 nL 28 February 2005 WO 02/ 18437 PCT/ EPOI éz{)%%ﬁ rg‘%%s val eric

anhydride in 6% DI PEA/CH2ClI 2 for 30 mnutes. ‘The resin was filtered and
‘washed successively with 50 m each of CH2A 2 (two tinmes), isopropanol,
and CH2Cl12 @dwegssyzi nes). The resin was dried under vacydiebfovdzgl d 1.1 g
of Pentyl - hexapeptide resin. The Pentyl - hexapeptide resin was treated with
100 L ethanedithiol, 100 pL 5 dinethyl&id fide,- 240 L anisole, and 10 ni

trifluoro aci oomtenperature for_180 mn. The resin was
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This crude cyclic material was purlfled by preparative HPLC on a Vydac

C18-colum (2 d el ut i near gradi ent of 20-60% B
(buffer A 0. Tge%?&%%fﬁrpe%@fnfﬂm@s t&%’&%‘%{b gﬁﬂﬁd]@ flowrate 8
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Febr uary 88379 85413 u:;’xZesIg 1y g ch'lgé(g(?n ged and the crude linear product was dried

under vacuum to yield 250 mg of an off-white solid. The crude peptide was subjected to
15  cyclization without purification.

250 mg of the crude linear peptides was dissolved in 220 ml of DMF, 500 pL of N-methyl
morpholine was added to have an apparent pH of 8.0. 280 mg of BOP was added and the
cyclization was monitored by HPLC. Typically the cyclization was completed within 18-24 hours.
10 ml of water was added to stop the reaction, DMF was evaporated in vacuum, and the resulting

20 reaction mixture was purified by HPLC.

This crude cyclic material was purified by preparative HPLC on a Vydac C18-column (2.5
x 20 cm) and eluted with a linear gradient of 20-60% B (buffer A: 0.1% TFA/H,O, buffer B: 0.1%
TFA/CH;CN) in 90 min., flow rate 8 ml/min, detection 280 nm. The main peak was cut by
analytical HPLC analysis of collected fractions, pooled and lyophilized to yield 55 mg (13 %) ofa
25  white, amorphous powder. This compound was homogeneous by HPLC. LR-Electrospray
C53H70N1299 cal: 1019 observed: m/z (1020 M+H).



EXANPLE 58 Preparat| on of Penta- (Asp Lyss) - Asp- 5- C Atc e- Ar
Trp-Lys-NH2 (peak 1) Fnoc-Linker-BHA resin (720 ng, O. 3(8r#ﬁ9f§aw?a?ﬁ Exanpl e
29 were subjected to solid 5 phase synthesis using Protocol | described
above. All couplings vvere performed using HBTU in DMF as the coupling
agent and DiyBfAnés3; equiv.) as base. Six coupling cycles pejg déﬁggr med of
one cycle each wth Fnoc- Lys (Boc) (565 ng, 1.2 nmol) and HB% 4 ny,
mol ), Fnoc- Trp (520 ng, 1.2 mmol) abd-HBTU (452 ng, 1.2 mmol), Fnoc Arg
(Prc) (800 1.2 mol) and HBTU (452 ng, 1.2 nmmol), Fnoc-(D)Phe (480 ny,
1.2 ml)%@@@ (452 mg, 1.2 10 nmol ), Fnoc-5-C (D, L)Atc (560 ng 1.2
~mmol ) and HBTU (452 ng, 0.6 mmol), Fnoc Asp (OBut) (500 ng, 1.2 mmol) and
HBTU (452 PraparatioR of rRei t)-(ASPIEyspARS-5-0R0/ (BT At @H PRAAFKIBE-LysNIpugh steps 1- 5
of protocol 1, washed with CH2C12 (three tines) and treated with 2 niL
val eri c anhydride in 6% DI PEA/ CH2C12 for 30 mnutes. The resin was filtered
and washed successively with 50 m each of CH2Cl tinmes),
i sopropanol, and CH2Cl12 (three times). 15 Th esi n was\dri ed under vacuum
to yield 1.2 g of Pentyl-hexapeptide resis -Hexapepti de resin
was treated with 100 pL ethanedjt hi 0 L di hyNsuwifide, 250 ttL
ani sole, and 10 nL trifl uoroace acid}@oomt rayure for 180 mn.
-2 mMoTF dffhe filtrates

The resin was filtered off,

precipitated in chilled’W @r. LQ&L ta re centrifuged and
the ether | ayer decanted. The resi gte wa% ished 20 witéh two or three

vol unes of Et20 and recentr’fuged &

H

the crufle |inear product was dried
white lid. The crude peptide was
subj ected to cyclization w thout i i 50 ng of the crude |inear
pepti des was dissolved in 220 nl DMF, 500 I'1L of N-nethyl norpholine
was added to have an apparent pH of 8.0. 280 ng of BOP was added and the 25
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mat eri al X@escyag cha 'v&g I-gyocplfyg %cﬂgﬁg ) and\%gf)ﬁ (4% mg, mmol)( %moc—
Trp (520 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-Arg (Pmc) (800 mg, 1.2 mmol)
and HBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) and HBTU (452 mg, 1.2
10 mmol), Fmoc-5-EtO-(D,L)Atc (620 mg 1.2 mmol) and HBTU (452 mg, 0.6 mmol), Fmoc-Asp
(OBut) (500 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol). The peptide resin was carried
through steps 1 - 5 of protocol 1, washed with CHCly (three times) and treated with 2 mL

valeric anhydride in 6% DIPEA/CH2Cla for 30 minutes. The resin was filtered and washed
successively with 50 ml each of CH2Cl2 (two times), isopropanol, and CH2Cly (three times).
15 The resin was dried under vacuum to yield 1.3 g of Pentyl-hexapeptide resin.

The Pentyl-hexapeptide resin was treated with 100 uL ethanedithiol, 100 pL
dimethylsulfide, 250 UL anisole, and 10 mL trifluoroacetic acid at room temperature for 180 min.
The resin was filtered off, washed with ~2 ml TFA and the filtrates precipitated in chilled ethyl
ether. The precipitates were centrifuged and the ether layer decanted. The residue was washed
20 with two or three volumes of EtO and recentrifuged and the crude linear product was dried

under vacuum to yield 260 mg of an off-white solid. The crude peptide was subjected to
cyclization without purification.

260 mg of the crude linear peptides was dissolved in 220 ml of DMF, 500 puL of N-methy!
morpholine was added to have an apparent pH of 8.0. 280 mg of BOP was added and the



" x 20 cn) and eluted with a linear gradient of 20-60% B %buffer A o 1% TFA
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equiv.) as base.. Six coupling cycles were per one cyc%e each with
Frnoc- Lys [98EHOP fpisise W@sP“fﬁgP C.and HBTU (452 ng, 1.2 mml), Fnoc- Trp
(520 ng, 1.2 mmol) and HBTU (452 ng, 1.2 mol), Fnoc-Arg (Pnt) (800 ny,
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(three ti @H}ZNH@II@I.I(BSstem&LﬁVEI(QOBdeBD. vacuum to vyi el d1.2 g of

Pent yl.- hexapeptide resin. The Pentyl 25 hexapeptide resin was treated with
100 pL,ethanedithiol, 100 pL dinethylsulfide, 250 L anisole, 28 February
2005 02/ 18437 PCTI EPOL/ 09630 -176 and 10 niL trifluoroacetic acid at room
tenperature for 180 mn. The resin was filtered off, washed with -2 n

TFA, = and EXAMPIES? ot o5 precipitated in chilled ethyl ether. The
precipitates were centrifuged and the ether |ayer decanted. The residue
was was hePBreparation ofPenta- (Abg-Evs)\Aep-3rLEO-(D,L) Aft-Z0)RiisdArs-Tepis-NiRged and t he
crude linear product was dried under vacuumto yield 250 ng of 5 an

of f-white solid. The crude peptide was subjected to cyclization w thout
purification. 250 ng of the crude linear peptides was eiSso|ved in 220 n

of DWVF, 500 pL of N nethyl

Fmoc-Linker-BHA resin (720 mg, 0.4 mmol} from Example 29 were subjected to solid

15  phase syntliesis using Protocol 1 described above. All couplings were performed using HBTU in
DME as the coupling agent and DIPEA (3 equiv.) as base. Six coupling cycles were performed of
one cycle each with Fmoc-Lys (Boc) (565 ing, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-
Trp (520 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-Arg (Pmc) (800 mg, 1.2 mmbl)
and HBTU (452 mg, 1.2 mmol), Fruoc-(D)Phe (480 mg, 1.2 mmol) and HBTU (452 mg, 1.2

20 mmol), Fmoc-5-iPrO-(D,L)Atc (620 mg 1.2 mmol) and HBTU (452 mg, 0.6 mmol), Fmoc-Asp
(OBut) (500 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol). The peptide resin was carried
through steps 1 - 5 of protocol 1, washed with CH2Cl (three times) and treated with 2 mL



mor phol i ne was added to have an apparent pH of 8.0. 280 ng of BOP was added
and the cyclization was nonitored by HPLC. Typically tA8debyadry 2685 on was
conpleted within 18-24 hours. 10 ml of water was added to stop the
reaction, DVF was evaporated in vacuum and the resulting 10 reaction
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This crude cyclic material was purified by preparative HPLC on a Vydac C18-column (2.5
% 20 cm) and eluted with 2 linear gradient of 20-60% B (buffer A: 0.1% TEA/H,0, buffer B: 0.1%
TFA/CH;3CN) in 90 min., flow rate 8 ml/min, detection 280 nm. The main peak was cut by
analytical HPLC analysis of collected fractions, pooled and lyophilized to yield 58 mg (13 %) ofa
20  white, amorphous powder. This compound was homogeneous by HPLC. LR-Electrospray
CssH74N120s cal: 1047 observed: m/z (1048 M+H).



The resin was filtered off, washed with -2 nl TFA and the filtrates N
precipitated in chilled ethyl ether. The precipitates 2Rdrebreanfds uged and
the ether |ayer decanted. The residue was washed wth two or three vol unes
of Et20 and recentrifuged and the crude |inear product was dried under
vacuumto yisgl @dng@s® ng of an off-white solid. The crude pepkbdBoMasS
subjected to 15 cyclization without purification. 250 ng of the crude
| i near peptides was dissolved in 220-m1-of DVF, 500 L of N-nmethyl
nor phol i ne_was added to have an apparent pH of 8.0. 280 ng of BOP was added
and the n was nmonitored by HPLC. Typically the cyclization was
conpleted within 18-24 hours. 10 ml of water was added to stop the
reaction, HolfaratioR ofPapeAdpdds)-AspvRbeuD,L)ARA D) PIR- ARSTHpIIiye ®8H,20 reaction
m xture was purified by HPLC. This crude cyclic material was purified by
preparative HPLC on a Vydac Cl8-colum (2.5 x 20 cW
| i near gradient of 20-60%B (buffer A 0.1% TEAH
TFAICH3CN) in 90 min., flowrate 8 m/mn
was cut by anal ytical HPLC anal ysi ol ] ected

r phaus powder. This
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conpound was honobgeneous by HBREC. spray Ni 209 cal: 1019
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EXAMPLE 61 Preparation i
Tr p- Lys- NH2 Fnoc- Li nker-BHg resin

, gy At c- (D) Phe- Arg
0 np G4 frdin Exanpl e 29 were
subjected to solid 5 phase synt hes 4Si ng Prptocol 1 described above. Al
coupl i ngs were perforned using HBTU DMVF as™t he coupling agent and DI PEA
(3 equiv.) as base. Six coupling cycles were fornmed of one cycle each
with Frnoc-Lys _(Bog¢) (565 ng, 1.2 mol) and HBTU (452 ng, 1.2 nmmol), Pnoc-
Trp (520 ng, Em%“ﬁ%?rﬁ%aﬂsméﬁ@ gz mgol) from Grample 29 meprsubicefed wreelid (800 g,

1.2 mud ) phasaeyakiBIibudddbProtiol 11dederiBB®ihove. ANGT usihg E’mﬂg) Hg'rll'(ljJ
a

_ 1EWere (@0t usihg 21

T e b B BT S SRt B
1. 2 nmol ) ondéyele pahtwithdFmmshys (B (568 g, B2mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-

Trp (520 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-Arg (Pmc) (800 mg, 1.2 mmol)

and HBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) and HBTU (452 mg, 1.2

10 mmol), Fmoc-5-Me-(D,L)Atc (590 mg 1.2 mmol) and HBTU (452 mg, 0.6 mmol), Fmoc-Asp

(OBut) (500 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol). The peptide resin was carried -

through steps 1 - 5 of protocol 1, washed with CH2Cly (three times) and treated with 2 mL

Yaleric anhydride in 6% DIPEA/CH2Cly for 30 minutes. The resin was filtered and washed

successively with 50 ml each of CH2Clp (two times), isopropanol, and CH2Cly (three times).

r B: 0.1%
im The main peak
ns, pool ed and

15 The resin was dried under vacuum to yield 1.2 g of Pentyl-hexapeptide resin.

The Pentyl-hexapeptide resin was treated with 100 pf, ethanedithiol, 100 pL

dimethylsulfide, 250 L anisole, and 10 mL trifluoroacetic acid at room temperature for 180 min.

The resin was filtered off, washed with ~2 ml TFA and the filtrates precipitated in chilled ethyl

ether. The precipitates were centrifuged and the ether layer decanted. The residue was washed
20 with two or three volumes of EtyO and recentrifuged and the crude linear product was dried

under vacuum to yield 260 mg of an off-white solid. The crude peptide was subjected to
cyclization without purification.

260 mg of the crude linear peptides was dissolved in 220 ml of DMF, 500 L of N-methyl
25 morpholine was added to have an apparent pH of 8.0. 280 mg of BOP was added and the



through steps 1- 5 of prot ocol 1, “washed with CH2CL12 (thr and
treated with 2 nL valeric anhydrlde in 6% DI PEA/ CH2C f%':ce??)r nﬁﬁ%tes The
resin was filtered and washed successively with 50 nil each of CH2ClI 2 (two
times), isopropanol, and CH2Cl2 (three tines). 15 The resin was dried
under vacuuRg@nydizel d 1.3 g of Pentyl -hexapeptide resin. pdPRpoinesso

Pent yl - hexapeptide resin was treated with 100 i.L ethanedithiol, 100 pL

di met hyl sul fide, 250 pL anisole, and-1&-l trifluoroacetic acid at room
tenperature for 180 mn. _The resin was filtered off, washed with -2 m TFA
and the fiFieaiorwasmogitaredby BRL T ipigally delcslizatipn wes dompletethiaithin 8 24hquas. es
were cent r]OfﬁigﬁﬁataﬂdastaH&eﬁbh@)[: thed¥ ko TMPWRevapdifed BSalliifn, WAS hERGHEHS 20
with two oL, .nree vol une m_\],% E ﬁl? nd recentrifuged and the ‘crude |1 near
product waSAgPT Bturg was pusified by BELG "yield 260 ng of an off-white solid. The
crude peptide was subjected to «cyclization wi thout purification. 260 ng of
the crude | i ndbis apdpeyciematerisl wiis puiifieddy piapadtice HPLO6n DWFdacmﬂ-cblumh (s net hyl

nmor phol kne; sas, E% a9, added
and the 2%Fe&§?§&§%8%ﬂﬂ%qﬁgﬁ%agﬁg§6%%@%?&}%§ 81%}? @id Iza | ‘oh ’6was
moni t or ed (A g prity o saked raljmin, detedtion 280mm Chepnain Berkaas et iy 18- 24
hour s. 1%@@1&@@@&,@@ oﬁ&ﬁl@dﬂedﬁhcﬁéﬁppdom ah@Bephibitd t%m&ﬁoﬁvﬁ%yrap& ed in
vacuum a%}ehe r sou ti n er action re was gg’[_ﬁ%’sdh&é‘H hi s
crude cycll e nateroar PRg FeURRp ‘ﬂﬁ?géf‘?‘\? 0 oFREay

C18- col umf=sgiPl%Ofcak 1003 absrjl'vednnllze(mozbmwx h a linear gradient of 20-60%B
(buffer A: 0.1% TFA/ H20, buffer B: 0.1% TFAICH3CN) in 90 mn., flowrate 8

m | mnjpdetection 280 nm The main peak was cut by analytical HPLC
anal ysis of collected fractions, pooled and |yophilized to yield 58 ng (13

% of a wr phous powder. This conpound was henogeneous by HPLC.

LR- El ectr 4AH772N1209 cal: 1033 observed: -mz. (1034 M+H). 10
EXAMPLE 62 Preparation of Penta-(Asp-Lys)-Asp-5-iPrO (D, L)Atc-(D)Phe-Arg
Tr p- Lys- NiR2epfaration bf Penta- (Bpys)essprs-EANLYAYc-(D) Phe-teap Tp-LysadfHEX anpl e 29 were
subj ected to solid 15 phase synthesis using Protocol 1 described above. All
couplings were perfornmed using HBTU in N

Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid

15 phase synthesis using Protocol 1 described above. All couplings were performed using HBTU in
DMF as the coupling agent and DIPEA (3 equiv.) as base. Six coupling cycles were performed of
one cycle each with Fmoc-Lys (Boc} (565 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmo}), Fmoc-
Trp (520 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-Arg (Pmc) (800 mg, 1.2 mmol)
and HBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) and HBTU (452 mg, 1.2

20 mmol), Fmoc-5-Et-(D,L)Atc (600 mg 1.2 mmol) and HBTU (452 mg, 0.6 mmol), Fmoc-Asp
(OBut) (500 mg, 1.2 mmol) and HBTU (452 mg, 1.2 ramol). The peptide resin was carried
through steps 1 - 5 of protocol 1, washed with CHCly (three times) and treated with 2 mL
valeric anhydride in 6% DIPEA/CH2Cly for 30 minutes. The resin was filtered and washed



DMF as the coupling agent and DHPEA (3 equiv.) as base. %x cou ng cycl es
were performed of one cycle each with Froc-Lys (Boc) (2§ bi"l'%y 045 mol )
and HBTU (452 ng, 1.2 mol), Fnoc- Trp (520 ng, 1.2 nmol) and HBTU (452 ny,
1.2 anxnol ), Fnoc-Arg (Pnt) (800 ng, 1.2 mmol) and HBTU (452 ng, 1.2
mol ), Frocwlofie; (480 nig, 1.2 mol) and HBTU (452 ny, ieﬁ?@m%@dml)
Frmoc-5-1 PrO (D, L)Atc(620rr912mml) and HBTU (452 ng, 0.6 mol),

Frnoc-Asp (OBut) (500 ng, 1.2 mmol) ams-HBTU (452 ng, 1.2 mmol). The
peptide resin was carried through steps 1- 5 of protocol 1, washed with

CH2CL12 ( t Hiesessivelraath 58 mel epgheaf CERRCla (twp thnes), igropeilisad CEDATE(IME ©R¢s1.8437
"PCT/ EPOL/ ryi % Cl2 for 30 m nutes.
The resi n%ggﬁﬁsﬁig%ugﬁé %V\%gﬁa(g?%fsal}cﬁosfl’g%@l Be%véggﬁﬁ%gm each of CH2C12

(two tines), isopropanol, and CH2Cl12 (three ti mss) The resin was dried
under vacuum iBe gmldlezapzp@dmmwmwte&mpmﬁ efeanedighiol, 100hE.

Pent yl - wi,t h 100 plL, ethanedithiol, 100 pL 5
di met hyl s@g&g@ﬂg% ant 5?53 alhﬁ%'t‘i'gu?macte?‘f %F%%Eeln?ﬁ?mé?ﬁ?f?r 80 mEem
t enper at urhefain m@ltmed off, Wdshed it 72 MBERA dkitth ftetated precipieadad cMllddhtg? M TPA

d the f | t t
and 14 S B8\ S P 300 s g DRSS ©
two or tha@d tVBIOEuﬂ%?FVdunﬁsgﬁmaﬁdndwmgﬂ@édhmuﬂqlma@mﬁmmsﬂad product

was dried,, f.an 0 te s The crude
pepti de was s&g c% eE oﬁ%dx%yc |§5‘%P§ﬁ %Tﬁ%ﬁl‘%ﬁ%‘?ﬁ%ﬁﬁﬁ@?&dﬁo ng of the
crude lin E}i@ptﬁlﬂlegtmﬁcahmol ved in 220 m| of DWMF, 500 gL of N-nethyl
nor phol i ne was added to have an apparent pH of 8.0. 280 ngy of BOP was added

and thg cyclag%%%mdm&p@gées%gfhﬁd;ﬁw' '8@%&%0 Nzrﬂgm“ vas

conpleted within ours er vva
react i on, ToFhalia Swmmbdemwmmﬁof&m ﬂBlhngeﬁE(DPwngaddézBanﬂelasctl on

R S i R P
| i near gri‘g At WYFr wag 2 tBStf’Bg?eFéﬁm SEFROFpl in yaquay, 218 therequting

TPAI CH3 CNyeattiorixtira was pdrifisd bt L8, m / i n detection 280 nm The mai n peak
was cut by analytical HPLC anal ysis of col | ect ed fracti ons, pool ed and

e e AL ot Bl RS 1
% 20 cm) and eluted with a eax gradient of 20-60% B (bufferA 0.1% TEA/H,0, buffer B: 0.1%
TEA/CH3CN) in 90 min., flow rate 8 ml/min, detection 280 nm. The main peak was cut by
analytical HPLC analysis of collected fractions, pooled and lyophilized to yield 55 mg (12 %) of a
white, amorphous powder. This compound was homogeneous by HPLC. LR- Electrospray
20 Cs54H7,N;204 cal: 1017 observed: m/z (1018 M+H).




C55H74NL209 cal: 1047 observed: niz (1048 M+H). 28 Febryary - 0050660

02/ 18437 -181 EXAMPLE 63 PCT/ EP01109630 Preparation of

Penty- (Asp-Lys)-Asp-S-Me- (D, L)Atc-(D)Phe-Arg Trp-Lys-NH2 N -N

Frnoc- Li nker-BHA resin (720 ng, 0.4 nmol) from Exanple 29 were subjected to
solid 5 phagg ¢sxfakhesis using Protocol 1 described abovepcfkboratd®! | Ngs
were performed using HBTU in DM as the coupling agent and DI PEA (3
equiv.) as base. Six coupling cycl es-18dre perf.orned of one cycle each with
Frnoc- Lys (Boc 565 ng, 1.2 nxnol) and HBTU (452 ng, 1.2 mmol), Fnoc- Trp
(520 ng, # and HBTU (452 ng, 1.2 mmol), Fnoc-Arg (Pnt) (800 ng, 1.2

~tmaol ) and HBTU (452 ng, 1.2 mmol), Fnoc-(D)Phe (480 ng, 1.2 nmmol) and

HBTU (452 Pigparatior o2Renitd¥ s+ =5oiP te)(B)Phe AROT NH Mol ) and HBTU
(452 ny, 0.6 mn())I ;), Frnoc- gsp m;& M‘B’g% rggﬁ) 1.2 mmﬁlq)y%-and HBTU (452 ng,

1.2 mol ). The peptide resin was carrled through steps, 1- 5 of protocol 1,
washed with CH2Cl12 (three tinmes) and treated with 2 al eri c anhydri de
in 6% DI PEA/ CH2C12 for 30 mnutes. The resin and washed
successively with 50 mMl each of CH2Cl 2 (t i sQpyopanol , and CH2C12
(three tines). 15 The resin was drieg ndgr vacu '

Pent yl - hexapepti de resin. The - hei de r
pL et hanedit hiol, 100 di et hyl fide ani sol
trifluoroacetic acid at_roomfenper afd

filtered off, washed Wm :
chilled ethyl ether. The eC|°pi t
decanted. The residue was washed h two q@r three volunes of Et20 and
recentrifuged and the crude |ineg duct was Miri ed under vacuumto yield
260 ng of an off-white solid. TheJcrude peptige~yas subjected to
cyclization without purification. 260 ng of the crude |inear peptides was

di ssolved in 220 mM of DW, 500 pL of N-nethyl 25 norpholine was added to
have ‘an apparkmec-likkafBIBA BesinZ 31 myy 0dfmBONP fivas Exatdda?awmade tibjec28tdselid uar y

2005 5 phase synthesis using Protocol 1 described above. All couplings were performed using HBTU in

10 nmL

. JThg resin was
Nprcipitated in
ntriéuged @nd the ether |ayer

DMEF as the coupling agent and DIPEA (3 equiv.) as base. Six coupling cycles were performed of
one cycle each with Fmoc-Lys (Boc) (565 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-
Trp (520 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-Aig (Pmc) (800 mg, 1.2 mmol)
and HBTU (452 mg, 1.2 mmol), Fmoc-{D)Phe (480 mg, 1.2 mmol) and HBTU (452 mg, 1.2

10 mmol), Fmoc-5-iPr-(D,L)Atc (600 mg 1.2 mmol) and HBTU (452 mg, 0.6 mmol), Fmoc-Asp
(OBut) (500 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol). The peptide resin was carried
through steps 1 - 5 of protocol 1, washed with CH2Cly (three times) and treated with 2 mL
valeric anhydride in 6% DIPEA/CH2Cly for 30 minutes. The resin was filtered and washed
successively with 50 ml each of CH2Cl2 (two times), isopropanol, and CH2Cl (three txmes}

15  The resin was dried under vacuum to yield 1.2 g of Pentyl-hexapeptide resin.

The Pentyl-hexapeptide resin was treated with 100 pl. ethanedithiol, 100 pL

dimethylsulfide, 250 uL anisole, and 10 mL triflucroacetic acid at room temperature for 180 min.

The resin was filtered off, washed with ~2 ml TFA and the filtrates precipitated in chilled ethyl

ether. The precipitates were centrifuged and the ether layer decanted. The residue was washed
20 with two or three volumes of Bt9O and recentrifuged and the crude linear product was dried

under vacuum to yield 245 mg of an off-white solid. The crude peptide was subjected to
cyclization without purification.

245 mg of the crude linear peptides was dissolved in 220 ml of DMF, 500 pL of N-methyl
morpholine was added to have an apparent pH of 8.0. 280 mg of BOP was added and the



WO 02/ 18437 PCT/ EP01/ 09630 -182 cyclization was nonitored by HPLC.
Typically the cyclization was conpleted w thin 18-24 hd@Rebruarp2¢95 of wat er
was ‘added to stop the reaction, DVF was evaporated in vacuum and the
resulting reaction mxture was purified by HPLC. This crude cyclic

materi al wegoRyhdsdht €d by preparative HPLC on a Vydac Cl8pephpiiocsd- 5 5 X
20 cnm) and eluted with a |inear gradient of 20-60% B (bu? er A- 0.1%

TFA/ H2O, buffer B. 0.10/0 TFA/ CH3C\y185r 90 min., flowrate 8 m/mn,
detection 280 nm The ,maig pgﬁk was, cut by anal yti cal HPLC_anaIgsi s of
col | ect ed ¥ PovE maggered 4y BELC) Limisaln the Gglizagio was empletedyrithim 18,34 hyursy

whi tfa, ame pih ofssaipovaieddedith iswp @Rt Dmb T e ?ra&iﬁmi", Mhl-l) e resultin

LR- El ectr : . ON1 cal: -1003 observed: z (1004 M+H). 10 MPLE
64 Prepar g%%@%ﬁ%’%%%%@]s LXSp-5-Et- (D, L) At c- (D) Phe- Arg Tr p- Lys- NH2
Froc- Li nker-BHA resin (720 ng, 0.4 nmmol) from Exanple 29 were subjected to
solid 15 phasEhis giydn exdlis materiplgvappurified bF prepere e HBlomb¥ydac CA$-colswn 2.5 ngs

wer e p)ef f enoed) w&délﬂtehiﬁtylailiﬂearQ}\Aﬁlieﬁﬁoﬁzﬂ%o%@(ﬁukf&%g%@mﬂ?o,@uﬁ?&Q)?mh h
equiv.) a aSlLX, coy ng cycles, were performed of . one cycle each wi
Frnoc- Lys ?ég@%@?ﬁ@m’géf‘%%l&) : 1 A8bnpyglhe magn pgakpps cutlipe- Ty p
(52:)) My, &ndytiuld BL@mlwﬁaﬁdléﬁeﬂl&@ﬁ%:ﬁ,ﬁmmD P%lyo hilifed A6 gelaﬁm)g(if%%mé, Hé.Ta
no an . 2.0 noCy e : m ol ) an

(452 1y, %hgﬁ%"%ﬁ’-%%f B it Tyl .“-’%“B,“E)Wﬁ\?c% B9 ﬁ’?ﬁg%)ﬁeﬁ%ﬁpﬁgw (452
ng, 0.6 zRebhNiPamek i&lpobseeBlinyz (BB Mng]). 1. 2 nmol ) and HBTU (452 ng, 1.2
t#unol ). The peptide resin was carried through steps 1- 5 of protocol 1,
washedgvi th CH2C 2 (three tines) and treated with 2 nL val eric anhydride
in 6% DI PEAI CH2C12 for 30 mi nutes. The resin was filtered and washed 28

February %ﬁ/ 18437 PCT/ EPA |1 09630 -183- successively with 50 ml each
of CH2Cl 2 ries), isopropanol, and CH202 (three tines).

=

Preparation of Penta-(Asp-Lys)-Asp-5-BrAtc-(D)Phe-Cit-Trp-Lys-NH; {peak 1)

Fmoc-Linker-BHA resin (720 mg, 0.4 mmeol) from Example 29 were subjected to solid

15 phase synthesis using Protocol 1 described above. All couplings were performed using HBTU in
DMF as the coupling agent and DIPEA (3 equiv.) as base. Six coupling cycles were performed of
one cycl.? each with Fmoc-Lys (Boc) (565 mg, 1.2 mmol) and HBTU (452 mg, 1.2 minol), Fmoc-
Trp (526 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Pmoc-Cit (480mg, 1.2 mmol) and

| HBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol),

20 Fmoc—S-Br—(D,L)Atc (620 mg 1.2 mmol) and HBTU (452 mg, 0.6 mmol), Fmoc-Asp (OBut)
(500 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol}. The peptide resin was carried through
steps 1 - 5 of protocol 1, washed with CHCl (three times) and treated with 2 ml, valeric
anhydride in §% DIPEA/CH2Cly for 30 minutes. The resin was filtered and washed successively
with 50 mi each of CH2Cly (two times), isopropanol, and CH2Cly (three times). The resin was

25  dried under vacuum to yield 1.2 g of Pentyl-hexapeptide resin. |



" materi al

The resin was dried under vacuumto yield 1.3 g of Pent I-hexape

resin. The Pentyl-hexapeptide resin was treated with 18 Rsbrearng |th| ol ,
100 gL dinmethylsulfide, 250 L anisole, and 101nL tritlnoroacetic acid at
roomtenperature for 180 min.. 5 The resin was filtered off, washed with -2

m  TFA and {ypanhshtrates precipitated in chilled ethyl g&Rfo10ds
preci pitates were centrifuged and the ether |ayer decanted. The residue was

- washed with two or three vol unes of-B620 and-recentrifuged and the crude

l'inear product was dried under vacuumto yield 245 ng of an off-white
solid. The cr tbPeephhexip eptﬂsresmbyaaut:&eﬂwm 100y étlzmediciolyd 00 pbut

purificati of . the ear peptides was dissolved in 220
m of DNF"%%%!;‘ ‘?Zﬂﬁ» B?r‘ét‘ﬂ’g?‘i’l aﬁ@i@ﬂ@ﬁi %a@é'@arqqaﬂwwga%e%b%n@m pH
of 8.0. 28lherginofas BERedof; vastiaeiand ol TEA aﬁ&ﬂidﬂﬂitb?ﬂe&ﬁﬁatémt&%d%q@y HPLC.

022! S PR AR PR 5l ot S, P e, "

resul tihg Wﬂ’éﬁ@ 2] t&irﬁervp}sanm of Big@ arpluecahmfdgeldpn&iﬂleerudb&n%lpmdnmm dchj!d: lic

fi.ed. HP a \Wdag 018 x 20
cm and el P dsryaGep o @%@Hﬁp 3 ﬂéfé(" jte 2 Wﬂe@e?%%ﬁ"("éﬁ egT%‘i% TFAI HZO
buffer B: Cﬂ:h%loiim@ﬁ@@dﬁcahnn.go ruin., flowrate 8 m/ mn, detectlon 280
nm The mai n peak was cut by anal ytical HPLC anal ysis of col | ect ed

f ti dy t 1

aror phous. poviigiie Gt Bt RS te SnddiSofint 120 ) of il el er KeneBityr oy 20
C54H72 lewq@@ume wekddabedovead app‘drmt @ths OMH£80. mg&mwaed?aaaiw\o

02/ 184

Pent a- (Asg e M@f”‘ﬁ’% A f%? B AP B cDmeleyinda-34 ke - gria
resin (7289 H% V@"%W‘Pﬁﬁd teagtion, D evmmt@anwzum,@dlﬂldreﬁﬂpﬁmse

synt hesi Sr&&idﬁgnjﬁﬁﬁéﬁgsqjmﬁe ided above. Al couplings were perforned
using HBTU in DI M as the coupl i ng agent and DI PEA (3 equiv.) as base. Six

o1 2 ol ) AR B T s Brrig Gt Sl B 3 G150t - <ouh bl ) and
HBTU (452%@&§cm)ard elprved with Fiinzer gﬂmcyen(t Bfiz0)-6098 B[buifier A10. IZ%I’TEBAIII)IZO haflerBB0.06( 452
m, 1.% mTPA/ngEﬁ?ﬁl MQ ﬁo»(r %5398 Hﬂmn']; d%tegggﬂl 280%9’9 Tﬁggllét &iﬂ%eﬁpwas cugby

analytical HPLC analysis of collected fractions, pooled and lyophilized to yield 24 mg (5,6 %) of

a white, amorphous powder. This compound was homogeneous by HPLC. LR-Electrospray

CszHesNy;OsBr cal: 1069 observed: m/z (1070 M+H).

20 EXAMPLE 67

Preparation of Penta-(Asp-Lys)-Asp-5-BrAtc-(D)Phe-Cit-Trp-Lys-NH, (peak 2)

Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid
phase synthesis using Protocol 1 described above. All couplings were performed using HBTU in



10 mmol ), Fnoc-5-iPr-(DL)Atc (600 ng 1.2 mol) and HBTU (452 ng, 0.6 mmol),

Froc- Asp (OBut) (500 ng, 1.2 mmel) and HBTU (452 ny, 28Fabigary 20Ghe

peptide resin was carried through steps 1- 5 of protocol 1, washed with

CH2C12 (three tines) and treated with 2 nL valeric anhydride in 6%

DI PEA/ CH2C Ry @180 mi nutes. The resin was filtered and ywagRpdnsso

successively with 50 nnl each of CH2C12 (two tinmes), isopropanol, and CH2Cl2

(three times). 15 The resin was dri ed8imnder vacuumto yield 1.2 g of

Pentyl - he ptide resin. The Pentyl-hexapeptide resin was treated with 100
|

pL et hane the cqupbing pgentanddPIREA {3 ¢quintleas bassoSix cemllias Frsles werg perdorpred of

]E r : I ! uogomwdh eaﬁ:lwﬁﬂarzgabﬁm (BodyRse5aby a:et:%]ﬁbn ;ﬁﬂmt T (452hhE _1.rz_q]£§1&161),\éﬁ§oc-
iltere : S Wi - an e tiltrates precjpitated in

chilled el?%g/)l(“r’éﬁg? g?.m’?ﬂ@a%‘f’é@hﬁ%q&é%@ﬁm% ‘Bé‘é@n’éﬂ RolAer | ayer

decant ed. HHEJ (453 imiy &2 wasol)ydsive D Rhe\(ia0hmg, Wk muol) andHBYUI (182a56g, 02 fohdl)) and
recentrif yggd apd [ r dri ed er_ vag to yield
25 ny of ek BT WDy 1 088 BRI T AR5 Shmoli R AR

cycl i zat i dAO%ipEHemmelland HBIU (452 ma42 muobf ThéeeptidentsinwWaneaniedsbpiugies was

di ssol ved steps 220 of pro®koldMvashaditth- COHCRH(FRbdtihes) 4HFHRARK WiE 2 ed to have
f¥ro@ko B 1\?-6(.3 addeeds) and thelwg% \égﬁ‘rr%%fréy 2005 WO

an apparent pH.of 8.0. 280 of . ]

02/ 18437 p&v@ﬁem%@éﬁﬁﬂ% for PO minuses- Thegesmwis fBterad abd wibedsucipsivelml | y
the cycli zaf e FeIR) MEIF '?\Pp ni.l of water was
added to stop the reactlg%i,&%ﬂﬁin\%\g’slgbv aérglé giaﬁlﬁ%a%;tgﬁeﬁr?}me@hghﬂgsem?”&%ulti ng
reacti éfh rdrigd under wecgumio iyfeldeldl dof Peltivlchexdfniptidedeside cyclic material was
purified by preparative HPLC on a VWdac Cl18-colum (2.5 5 x 20 cm and

eluted with agil ' f - 609 f As..0..19% TEA/ H20, buffer
B: 0.1% TFA/ %%%)%lh%gﬁ%keﬁ e e ol 0T Stharedigmob DML 50" e The
maij n | Re#hydh?ethgmtlﬂﬂﬁ, mag.wéﬂiew an&"i’% aolacﬁﬂhofsmt\:/iﬁc%m kb6 ’éeﬂ:ﬁ)elfaﬁﬂg fdrqmnﬁxgr ﬁpl ed
and | yophihized to.yie g a e, amgrphoys powder . i s
conpound \/\T}z];l:l S f RONBg gﬁ%%% 9ty Sll‘rz‘fglféfjﬁ "L%gi’léogé%c"t“tdég"pﬁgﬁtes %@ﬂ%&?@ﬂ Gh‘ﬁ%%ﬂ;ﬂ 1031
observed. cther The@BRipifetdy werk Qeriiifijyéd AndGhe dthee peradecitedo fThe residue was washed

Pent a- GAS Rrith¥wd of hPseoRindds 6r Kb BhE feg%ntn'iﬂ;rggcf a&l&%ﬁechgde(lg%%li)r&Quct_Was dried

under vacuum to yield 240 mg of an off-white solid. The crude peptide was subjected to
cyclization without purification.

240 mg of the crude linear peptides was dissolved in 220 ml of DMF, 500 uL of N-methyl
morpholine was added to have an apparent pH of 8.0. 280 mg of BOP was added and the
20 cyclization was monitored by HPLC. Typically the cyclization was completed within 18-24 hours.
10 ml of water was added to stop the reaction, DMF was evaporated in vacuum, and the resulting
reaction mixture was purified by HPLC.

This crude cyclic material was purified by preparative HPLC on a Vydac C18-column (2.5
X 20 cm) and eluted with a linear gradient of 20-60% B (buffer A: 0.1% TRA/H,0, buffer B: 0.1%
25 TFA/CH5CN) in 90 min., flow rate 8 ml/min, detection 280 nm. The second main peak was cut
by analytical HPLC analysis of collected fractions, pooled and lyophilized to yield 22 mg (4.8 %)
of a white, amorphous powder. This compound was homogeneous by HPLC. LR-Electrospray
Ci2HgsN11OgBr cal: 1069 observed: m/z (1070 M+H).



Frnoc- Li nker-BHA resin (720 ng, 0.4 mmol) from Exanpl e égéy%re sgb'ected to
solid 15 phase synthesis using Protocol 1 described ab "y l i ngs
were perfornmed using HBTU in DM as the coupling agent and DI PEA (3
equiv.) as base. Six coupling cycles were perfornmed of one cycle each with
Froc-Lys (Be@oz:e82 ng, 1.2 nmmol) and HBTU (452 ng, 1.2 pEPkporedi®c- Trp
(520 ng, 1.2 mmol) and HBTU (452 ng, 1.2 mmol), Fnoc-Ct (480ng, 1.2 mmol)
and HBTU (452 ng, 1.2 nmol), Pnoc-(D&kRe (480 ng, 1.2 mmol) and HBTU (452
mg, 1.2 mupl), 20 Enmoc-5-Br-(D,L)Atc (620 ng 1.2 rnnol) and HBTU (452 ng,
0.6 rrrml),mg@p (OBut) (500 ng, 1.2 mol) and HBTU (452 ng, 1.2 mol).
The peptide resin was carried through steps 1 - 5 of protocol 1, washed
with CH2 Cﬂ’ﬂe}(afdﬁoﬁ@f!’élﬁﬁ@@&t}ﬁb—bﬁ%(}% -(D)Phe-Litrp - BIH, GpeakIhydr i de in 6%
Dl PF, A CH2Cl 2 for 30 m nutes e resin was filtered and washed
succe55|vely with 50 m each of CH2Cl2 (two tines),
CH2C12 (three tines). The resi
Pentyl - hexapeptide resin. 28 F
The Pentyl - hexapepti de resin s treated th 100 hanedi thiol, 100 AL
di met hyl sul fide, 240 pL aniso]le, and 10{i§:ﬂrifluor etfinc acid at room
tenperature for 180 mn. The reS|nowas

1 ed shed with -2 m TFA
myﬁLLTh 8 precipitates
were centrifuged and the ether P8 nt ed esi dge was washed 5

and the filtrates precipitat

with two or three volun®s {f EP2Q and re8ent i fuged® and the crude |inear
product was dried under v8cuumtao el d 260 of an off-white solid. The
crude peptide was kubjected to gyt ation wi thout purification. 240 ny of
the crude |inear peptides was dissolved in 2 of DMF, 500 p.L of

N-net hyl norpholi ne was added to have an apparent pH of 8.0. 280 ng of BOP

dded d ’
was added an F&Q&Iﬁaﬁeﬁﬁﬂ!\&w t(zl T n{%t&‘r&g?ﬂ( Ie%BH%es&ﬁg@td\as\éh%dged to

cyclization was conpl.eted

stop 't e PaaEEgss pips Bastocaldds W’&F‘%ﬂ)oﬁ’ﬁ &lh@aalmgs wAs Perfermadising HRTU in
reaction MDIME aite M§hﬁg~ﬂgbﬁﬂaﬁdw@e§mv7& Susé: ISERUE m?g emsrsf,eraﬁmwsf

E1'Lt ed i Bhc FR ERe v st (o) Bt gobs Bpaline m%ﬁw&ﬂ%‘éﬁer
B: 0. 1% 15720 @¢3CN\mnnol) 8@ HBTL (452 kngyd.2 aﬁmlB Fnﬂot—ﬁtlﬂsmg,dc.‘l mewl)280 nm The
first mai PIMS%%, fé’ﬁmgy‘ﬂ, Fmoc-(D)Phe (480 mg, 1.2 mmol)} and HBTU (452 mg, 1.2 mmol),
10 Fmoc-5-Cl-(D,L)Atc (560 mg 1.2 mmol) and HBTU (452 mg, 0.6 mmol), Fmoc-Asp (OBut)
(500 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol). The peptide resin was carried through
steps 1 - 5 of protocol 1, washed with CH2Cl> (three times) and treated with 2 mL valeric
anhydride in 6% DIPEA/CH2Cly for 30 minutes. The resin was filtered and washed successively

with 50 ml each of CH2Cl (two times), isopropanol, and CH2Clp (three times). The resin was

i soppopanol , and
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15  dried under vacuum to yield 1.2 g of Pentyl-hexapeptide resin.

The Pentyl-hexapeptide resin was treated with 100 pL ethanedithiol, 100 pL
dimethylsulfide, 250 pL anisole, and 10 mL trifluoroacetic acid at room temperature for 180 min.
The resin was filtered off, washed with ~2 mi TFA and the filtrates precipitated in chilled ethyl
ether. The precipitates were centrifuged and the ether layer decanted, The residue was washed
20 with two or three volumes of EtyO and recentrifuged and the crude linear product was dried
under vacuum to yield 245 mg of an off-white solid. The crude peptide was subjected to
cyclization without purification.

245 mg of the crude linear peptides was dissolved in 220 mi of DMF, 500 pl, of N-methyl
morpholine was added to have an apparent pH of 8.0. 280 mg of BOP was added and the
25 cyclization was monitored by HPLC. Typically the cyclization was completed within 18 24 hours



anal ytical HPLC anal ysis of collected fractions, pooleg gpg Iﬁoghilized to
yield 24 ng (5,6 %9 of a white, anorphous powder. Thi 8 OQ%1s
honogeneous by HPLC. LR-El ectrospray C52H66Nx109Br cal: 1069 observed: nlz
(1070 MtH). 20 EXAVPLE 67 Preparati-on of Penta- (Asp-Lys)-Asp-5-BrAtc

(D) Phe-Cit hioRnkds? NH2 (peak 2) Fnoc-Li nker-BHA resin ( 728r/EBhoéssdt nmol )
from Exanpl e 29 were subjected to solid phase synthesis using Protocol

- descri bed above. All couplings were pH%-orned -using HBTU in 28 February
2005 WO 02/1 7 PCTI EPOL/ 09630 -187 DWVMP as the coupling agent_ and DI PEA (3
equiv.) ad® af%uwase%ﬁféltwgpéwﬁaég%@ﬂ\@ ayevenomied igvactyme and e tesddngh wit h

Fnoc- Lys eeaetcdm&ﬁﬁem ukifidd ByEPLcand HBTU (452 ny, 1.2 minol), Fnoc- Trp
(520 ng, 1.2 nrnol) an HBTU 452 ny, 1.2 mmol), Froc-Gt (480 ng, 1.2
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esi n under vacuumto yie go
Pent yl - gﬁ%@%@¥?§f%%§ %f %ﬁ@r$éﬁpfp&ﬁggéggptlde resin was treated with 100
tL ethanedithiol, 100 | AL dinethylsul fide, 240 gL anisole, and 10 niL
trifluoroacetic acid at roomtenperature for 180 mn. The resin was
filtered off, washed with -2 m TFA and the filtrates precipitated in

chil | et etkyMPIREHEr. The precipitates were centrifuged and the ether |ayer
decanted. The resi due was washed 15 with two or three volunes of Et20 and
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cyclization without purification. 240 ng of the crude linear peptides was
di ssolved in 220 m of DMV, 500 pL of N-methyl e was added to
have an apparent pH of 8.0. 28 was added_andg the 20 cyclization
was nonitored by HPLC. Typicaldy the cyclization cohpleted within 18-24

hour s. (J::j
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Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid

phase synthesis using Protocol 1 described above. All couplings were performed using HBTU in

15 DMF as the coupling agent and DIPEA (3 equiv.) as base. Six coupling cycles were performed of
one cycle each with Fmoc-Lys (Boc) (565 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-
Trp (520 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-Cit (480 mg, 1.2 mmol) and
HBTU {452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol),
Fmoc-5-Cl-(D,L)Atc (560 mg 1.2 mmol) and HBTU (452 mg, 0.6 mmol), Fmoc-Asp (OBut)

20 (500 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mamol). The peptide resin was carried through
steps 1 - 5 of protocol 1, washed with CH3Cly (three timés) and treated with 2 mL valeric
anhydride in 6% DIPEA/CHoCly for 30 minutes. The resm was filtered and washed successively

with 50 ml each of CH2Cly (two times), isopropanol, and CH2Clp (three times). The resin was

dried under vacuum to yield 1.2 g of Pentyl-hexapeptide resin.




10 m of water was added to stop the reaction, DVF was evaporated in
vacuum and the resulting reaction mixture was purifi @& FRPTYasy €005rh; s
crude cyclic material was purified by preparative HPLC on a Vydac
Cl8-colum (2.5 x 20 cm) and eluted with a linear gradient of 20-60%B
(buffer A QobiashAV H20, buffer B: 01% 25 TFA/ CH3CN) in 8Brebilneesh! OW rate
8 m/mn, detection 280 nm The second main peak was cut Dby analytical
HPLC anal ysis of collected fractions;1%ool ed and |yophilized to yield 22 ny
(4.8 %9 of a _white, anorphous powder. This conpound was honpbgeneous by

HPLC. LR- El ecTRoResiikhexapeniple resincpsiresed with HLsshanedithinl, H0£L( 1070 MrH) . 28
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and ﬁB%U (452 W&Hﬁﬁﬁ% é@%‘ﬁéﬁé’hfw?‘li@oﬁ%% Pglg‘?de(‘?‘“)%g%]\’rﬂ%‘ d#%%ur ? Zglz o,

1.2 mol ) Sreizsien ishprieugifigtiony, 1.2 rnnol) and HBTU (452 mg, 1.2 nmmol), 1o
Froc-5-Ct- (D, L)Atc (560 ng 1.2 nmmol) and HBTU (452 ng, 0.6 nmol), Fnoc-Asp

(CBut) (500 mgofind QOB nc oI Wed 33y 20 21 SV B, SS01LAR T o511

was carried through steps 1- pr ot oco ree
times) an@%@&?@ﬂ%@?ﬁ@%%ﬁﬂ?@ﬂbﬂfﬁ@dr?—Qﬂ)enivmewct}H@@hQ for 30

M nut ess  Ffthzation was m@ﬁltarbdsmﬁst.m CBMEHERS Yabted Withh 24 Hougach Of
CH2C12 (tﬁm@/'g‘?ﬁ%%ﬁ | sopro anol, and agthree times). The resin was 15
dried under™3% vgaga@cf%@ tqp Be geagifo REPaTAdin supms pnd the praulting
Pent yl - heragptmitere ead purifiesbyt HERC.ed W t h. 100 pL et hanedithiol, 100 L

di met hyl sul fide, 250 L anisole, and 10 nL trifluoroacetic acid at room

and tho 11 Lt asg it Gt ety b Bl FFphark i FELE o WRRCE S bl 1 T T4
were cent¥#¢ dzfﬁﬂe‘%‘ﬁ’éh @N?é?ng@Wrﬂf%fbé@hﬁébufﬁ@ié - 1% T d 84d% 20
Wi th two DFAAM,ER) UDIOHIRS fiw ritk 8 DIARH, deRE®SH 180 Tnud) THe 206hd RASinGehtifaslchinear
pr oduct V\st anceilfyhcaq HPLC analysis of collected fractions, pooled and lyophilized to yield 20 mg ( 5.4 %)
of a white, amorphous powder. This compound was homogeneous by HPLC. LR-Electrospray

CszHﬁsN 1106Cl cal: 1024 observed: m/fz (1025 M-I-H).
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Preparation of Ac-Nle-cyclo(Cys-Cys)-Cys-(D,L)Atc-(D)Phe-Arg-Trp-Cys-NH,
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Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid
phase synthesis using Protocol 1 described above. All couplings were performed using HBTU in .



under vacuumto yield 245 ny of an off-white solid. The crude peptide was
subjected to cyclization without purification. 245 ng25Fabrears2defe |inear
pepti des was dissolved in 220 m of DM, 500 (nmL of N -nmethyl norpholine
was added to have an apparent pH of 8.0. 280 ng of BOP was added and the 25
cyclizati onywigqpmppi tored by HPLC. Typically the cyclizabpl-pRpi¥asssponpl et ed
within 18-24 hours. 28 February 2005 WO 02/ 18437 PCTI EPO1109630 -189 10
m ofwater was added to stop the reaet9ilon, DMF was evaporated in vacuum
and the resulting reaction mxture was purified by HPLC. This crude cyclic
mat eri al WA4E #ths squplingngenfand BBEA (Fecauiv)@s base. SevepdaepliDg8ydes wermpetfatnsed x 20

cm and elops; &lbwh@lﬂll f1 2070P % Brigatf TPAI H20,
buffer B: c,0 ﬂd?r chyg(%@mmg ! Iogvéal@te 8 %gﬁ%énl £)I(]ﬁﬂent@e)ctlon 280

o She-t FiE TR 570 2 e e KT ipinie 2 gl oA fBme) (590 {10t o
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solid pha o2 hes-,llrﬁ usl r%ﬂgge%%oco stcfesr%r %H)%%ve 5%& coup i ngs were
perfornedwﬁg‘ieié"ti‘l q?ﬂ%ew)a%dt‘f?ﬁe%‘@ﬂbl mhgeetigenkydsidd iI%EA (3 equiv.)
as base. ﬁHPEﬁQQHEbI NEhr &Y ﬁnhrﬁﬁes"ﬁeere&?g s s (aﬂfi yaﬁﬁ& 1%&%5%?@5@1:1 Hch Trp

Frnmoc- Lys Boc .
(520 r%o of QH%Q@KWW}ABWOPMMCHM(r&hmglmesﬁxﬁm&nw@mciugderl 2 mmol )

d HBT Phe (480 ng, 1.2 | d HBTU (452
moe 15 s 10 o Lo MRudkrark BB T (00 01 1N TR (452 o, 0.6

rrrml) Frmc Asp (OBut) 20 (500 ng, 1.2 mml) and HBTU (452 ng, 1.2 mol).
The pepti de r']aylﬁvemhhep@mphédresmma’gbatem&pﬁ)ﬂl& efhaoédithiadlf WOPL 1, washed

th CH2C t | hydri d 6%
D pear ot il 2R et sp Sl rittarceciasei Lo eSS S vel y
with 50 nTheaghwes GG, (Nﬁwad whea)ml 'FF&QﬁfdQB@-ﬁﬂ@atesiﬂa &h&%&hﬂl@@éﬁﬁ
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Pent yi - hexetlﬁ)ept : greslduewaswashed
two or three volumes of EipO and recentrifuged and the crude linear product was dried

under vacuum to yield 240 mg of an off-white solid.

This crude linear peptide was purified by preparative HPLC on a Vydac C18-column (2.5 x
20 cm) and eluted with a linear gradient of 20-60% B (buffer A: 0.1% TFA/H,0, buffer B: 0.1%
20 TEA/CH3;CN) in 90 min., flow rate 8 ml/min, detection 280 nm. The main peak was cut by

analytical HPLC analysis of collected fractions, pooled and lyophilized to yield 55 mg of purified
linear peptide.

The purified linear peptide was dissolved in 2 ml of DMSO, diluted with 500 ml of water

and the pH was adjusted to pH 8.0 with NH,OH. O, was bubbled into the solution and the

25  cyclization was monitored by HPLC. Typically the cyclization was completed within 24-48 hours.
The solution was lyophilized and the material dissolved in CH;COQH and was subjected to
preparative HPLC on a Vydac C18-column (2.5 x 20 cm) and eluted with a linear gradient of 20-
60% B (buffer A: 0.1% TFA/H,0, buffer B: 0.1% TFA/CH5CN) in 90 min., flow rate 8 ml/inin,
detection 280 nm. The main peak was cut by analytical HPLC analysis of collected fractions,

30 pooled and lyophilized to yield 20 mg (5.0 %) of purified cyclic peptide. This compound was
homogeneous by HPLC. LR-Electrospray Cs:HesN1205S; cal: 1039 observed: m/z (1040 M+H).



28 Febr uary 2005 WO 02/ 18437 PCTI EP01109630 - 190 The Penh;/ -hexa tide
resin was treated with 100 pL ethaneditbiol, 100 L di neéf )ﬁ » 250 pL
ani sole, and 10 nL trifluoroacetic acid at roomtenperature for 180 m n.
The resin was filtered off, washed wwth -2 ml TFA and the filtrates :
precipitateggmnght ! ed ethyl ether. The precipitates WekErpfhibdss f uged and
the ether |ayer decanted. The residue was washed 5 with two or three
vol umes of Et20 and recentrifuged and!®he crude |inear product was dried
under vac ield 250 ng of an off-white solid,. The crude peptide was
subj ect edMi zation without purification. 250 ng of the crude |inear
peptides was dissolved in 220 m of DWVF, 500 V L of N-nethyl norpholine
was addedPrepatatigeoffientgydoiys-Gyb)-Ofs-BBAD,1280-(DiPlef A3CRpvEs-NHided and the i 0
cyclization was nonitored by HPLC. Typically the cyclization was conpl eted
within 18-24 hours. 10 m of wagerwas added to stop the reaction, DV was
evaporated in vacuum and the rgsulting -reaction mxture as purlfled by
HPLC. This crude cyclic nmateri was puri =
VWydac C18-colum (2.5 x 20 c and el ut
B (buffer A 0.1% TFAI H20, by¢ffer B: 0. 4%xi<
rate 8 m/min, detecijon 2 & se‘cor}d\ﬂ@&n 7eak Whs cut by
anal ytical HPLC analysi's & ‘f\ﬂ/cu on . apdk | yophilized to
yield 20 mg ( 5.4 % i jor phdus wﬁer i onpound was
honogeneous by HPLC. LR-El ectros C52H66N 109Cf cal: 1024 observed: mz
(1025 MtH). 20 EXAMPLE 70 Prepar at of Ac-N & cyclo
(Cys-Cys)-Cys-(D,L)Atc- (D)Phe-Ag p- Cys- N NFm)c- Li nker-BHA resin (720
ng, 0.4 mmol) from Exanple 29 were subj ect ed To solid phase synthesis
usi ng Prot ocoF 1 described above. ﬁl i ngs were perforned using HBTU
in 28 Febr uarfrosdenkenBigoresig (370 mg:rMErn@Q (98 Bxample 29 PIvEe abjectied tesalipl | ng

agent andpHabd¥pAthshs RiHE ProtocI R@BBed BRVE TMICQU Mgl WefifetBin iR AR P TE
' DMEF as the coupling agent and DIPEA (3 equiv.) as base. Seven coupling cycles were performed
of one cycle each with Fmoc-Cys (Trt) (710 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol),
Fmoc-Trp (520 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-Arg (Pmc) (800 mg, 1.2
mmo]) and HBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) and HBTU (452 mg,
10 1.2 mmol), Fmoc-5-BrAtc (620 mg 1.2 mmol) and HBTU (452 mg, 0.6 mmol), Fmoc-Cys (Trt)
. (710 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol). The peptide resin was carried through
steps 1 - 5 of protocol 1, washed with CH2Cly (three times) and treated with 1 mL valeric
anhydride in 6% DIPEA/CH)Cly for 30 minutes. The resin was filtered and washed successively

with 50 ml each of CH2Cl2 (two times), isopropanol, and CH2Cla (three times). The resin was

15 dried under vacuum to yield 1.1 g of Ac-Heptapeptide resin.

The pentyl-hexapeptide resin was treated with 100 pl ethanedithiol, 100 pL
dimethylsulfide, 250 pL anisole, and 10 mL triflnoroacetic acid at room temperature for 180 min.
The resin was filtered off, washed with ~2 ml TFA, and the filtrates precipitated in chilled ethyl
ether. The precipitates were centrifuged and the ether layer decanted. The residue was washed
20 with two or three volumes of EtyO and recentrifuged and the crude linear product was dried

under vacuum to yield 240 mg of an off-white solid.

This crude linear peptide was purified by preparative HPLC on a Vydac C18-column (2.5 x
20 cm) and eluted with a linear gradient of 20-60% B (buffer A: 0.1% TFA/HL0, buffer B: 0.1%
TFA/CH;CN) in 90 min., flow rate 8 ml/min, detection 280 nm. The main peak was cut by



of one cycle each with Fnoc-Cys (Trt) (710 ng, 1.2 mmol) and HBTU (452 ng,
1,2 mol), Fnoc-Trp (520 ny, 1.2 mmol) and HBTU (452 #§ Febryaryg é
Froc-Arg (Pnt) (800 ng, 1.2 nmmol) and HBTU (452 ny, 1.2 mol), Fnoc- (D) Phe
(480 nmy, 1.2 mmol) and HBTU (452 ng, 5 1.2 mmwol ), Fnoc-(D,L)Atc (550 ng 1.2
mol ) and HR4b26482 my, 0.6 nmmol), Froc-Cys (Trt) (710 pErmeiRedds™l ) and
HBTU (452 ng, 1.2 nmol), Fnoc-Ne(430 ng,1.2 nmol) and HBTU (452 ny, 1.2
nmo). The peptide resin was carried th%3ough steps 1'- ~ ofprotocol 1,
washed wi th CH202 é‘lt:hree times) and treated with 1 nlL acetic anhydride in
6% DI PEA/?@E&'E?ag angiysitiohenlleded frasonserdaledsad hiophiliesddd yiskihOwmeifgurified
successi velintarpeptided0 nl each 10 of CH202 (two tines), isopropanol, and
CH202 (three times). The resin was dried under vacuumto yield 1.0 g of
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| yophi li z mcoée%??‘gl P@%Roﬁleqtmﬁmﬁ%HmNuﬁb&rBrpdplﬁé’ﬂebseﬂihé qu’lr(il(ieIBed | i near
pepti de wag+Hb.ssolved in 2 m of DVBO diluted with 500 m of water and
the pH was adjusted to pH 8.0 with NHAOH 02 was bubbled into the sol ution
and the 25 cyclization was nonitored by HPLC. Typically the cyclization was
conpleted within 24-48 hours. The solution was |yophilized and the
material djssolved in CH3COOH and was subjected to preparative HPLC on a
Vydac C18EZSMBEE722 5 x 20 cm) and eluted with a linear gradient of 20- 60%
B (buffer A 0.1% TFA/ H20, buffer B: 0. 1%TFA/CHSCN) in 90 mn., flowrate
8 ml / min, Prepatasion bfPenBBEclolAs PNESroCEHp-THY- Iytlcal HPLC

anal ysis of collect edaﬁi]actl gali?@ ﬂ?ﬁ%ﬂgl ed and 1 yophi I ized to yield 20 ng
(5.0 %9 of purified cyclic peptide. This conpound was onbgeneous by HPLC.
LR-El ectrospray C51H66NI 2d8S2 cal : 1039 observed: 040 MHH) .

Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid
phase synthesis using Protocol 1 described above. All couplings were performed using HBTU in
DME as the coupling agent and DIPEA (3'equiv.) as base. Six coupling cycles were performed of

20  one cycle each with Pmoc-Lys (Boc) (565 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-
Trp (520 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmf)l), Fmoc-Arg (Pmc) (800 mg, 1.2 mmol)
and HBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) and HBTU (452 mg, 1.2
mmol), Fmoc-Appc (550mg 1.2 mmol) and HBTU (452 mg, 0.6 mmol), Fmoc-Asp {OBut) (500
mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol). The peptide resin was carried through steps 1 - |



28 February 2005 WD 02/ 18437 PCT/ EP01/ 09630 - 192 EXAVPLE 71 Preparation
- of Pent a- cyceo( Cys- Cys) - Cys-S-Br (D, 7[.) At c- ( D) Phe- Ar g- Tr3$-fgsuagy2005
Froc- Li nker-BHA resin (720 ng, 0.4 nmol) from Exanple 29 were subjected to
solid 5 phase synthesis using Protocol 1 described above. Al couplings
were perforgRd,Hskhg HBTU in DMF as the coupling agent ap&ﬂﬁ}ﬁ%m@ equi v.)
as base. Seven coupling cycles were perfornmed of one cycle each with
Frmoc-Cys (Trt) (710 ng, 1.2 nmol) andiddBTU (452 ng, 1.2 nmol), Fnoc-Trp
(520 mg, 1.2 mmol) and HBTU (452 ng, 1.2 mol), Fnoc-Arg (Pnct) (800 ng, 1.2
nmol ) and SHEPLtewb D waghed with Ghiasil) (thiterbmes) B)dhrent¢d4dth mgl. viledk anhpiride aind HBTU

(452 ny, -S-BrAtc (620 1,2 m and HBTU. 2.mg, 0.6
nmol ), Fm)%(Q:/‘2 %,{/]s { ir%?lz %E%m%%%r%%owaf Eg‘ﬁﬁd ﬁ&?ﬁe}égﬂxﬁﬁfﬁi?ﬁg%) . The
pepti de r esshrof WA CHaAtwe tohet)hisquepanolsi@iiGHACI) (threofimps) OTHeGedin as dwied tedbr Wi t h
CH2Cl 2 (three time nd.tr ed with 1 nmL valeric anhydride in 6%

DI PEA/ mz&?‘}‘%@@h?ﬁﬂf%@?ﬁ%ﬁgp?%@ﬂﬁ%s filtered and washed successively
with 50 m each of CH2CI2 (two tines), isopropanol, and. CH2Cl2 (three

ti mes).s The r &bé¢ Pent@ihexabbpiitieiresth wisdtited @ith!L00 1Y C:thainedithiol, 1ho@Lof

Ac- Hept apept i resin. The pentyl -hexapeptide resin was treated with 100 pL
et hanedi t ﬁfla?tgﬁ%ﬁ 250 MLypmisple) and 10 Féépﬁ%eacau%ad%r@;n tepperpbirgdor 180 min.

trifluor oabhetdst v ileréd off SPAThIISABELIALIMITA ahQ thelBPattd fecipithh 1 Sifldd MR
filtered off, shed with -2 trates precipitated. in

m, TFA, d the fi
chilled efff Hﬁﬁ?‘ta?ﬁge’ﬁfﬁﬂlﬁﬁf@t“ﬁm%ﬁé‘%‘rﬁilﬁ?“infﬂgghe rigus was vethsdr | ayer
decant ed. withewo esibattroltmses 6EBHRO AN Eecitififtgddimd tie cridededt Pratisw0tirikl 20 and
recentrifuged and the, féUde | i near_ product was dried, under vacuumto yield
240 mylbf “g er gpeungiomield 245impg of o8- whitg addids Thesandepepiideges sbiecsdita f i ed by
pr epar #. t icydizdtich GithbutpuifidaionC18- col um (2.5 x 20 cm) and eluted with a
| i near gradient of 20-60% B (buffer A: 0.1% TFA/ H2O, buffer B: 0.1%

was cut by 26XSaBF vERYroRORRptide DanSyoednBbi 608G S0 sb et Nmen 7o
morpholine was added to have an apparent pH of 8.0. 280 mg of BOP was added and the
cyclization was monitored by HPLC. Typically the cyclization was completed within 18-24 hours.
15 10 ml of water was added to stop the reaction, DMF was evaporated in vacuum, and the resulting
reaction mixture was purified by HPLC.

This crude cyclic material was purified by preparative HPLC on a Vydac C18-column (2.5
X 20 cm) and eluted with a linear gradient of 20-60% B (buffer A: 0.1% TFA/H,O, buffer B: 0.1%
TFA/CH5CN} in 90 min., flow rate 8 ml/min, detection 280 nm. The main peak was cut by
20 analytical HPLC analysis of collected fractions, pooled and lyophilized to yield 57 mg (14 %) of a
white, amorphous powder. This compound was homogeﬁeous by HPLC. LR-Electrospray:
Cs3H7)N130;5 cal: 1018 observed: m/z (1019 M+H). . '

25



anal ytical HPLC analysis of collected fractions, pooled and |yophilized to
yield 50 ng of purified |inear peptide. The purified PBh@kruanegflSde was
dissolved in 2 mM of DMSO, diluted with 500 mM of water and the pH was
adjusted to pH 8.0 with NHAOH 02 was bubbled into the solution and the 5
cyclizati or\g Wasqgipni tored by HPLC. Typically the cyclizapéggpoyygssiconpl et ed
wthin 24-4 hours The solution was |yophilized and the materi al

di ssolved in CH3COOH and rss subject-ad5to preparative HPLC on a Vydac
Cl8-colum (2.5 x 20 cm) and eluted with a linear gradient of 20- 60% B
(buf f er AEXAMPIBZIPA/ H2O, buffer B: 0.1 % TFA/CH3CN) in 90 miry.., flow
rate 8 mMm/mn, detection 280 nm The main peak was cut by analytical HPLC
anal ysi s pfep &Qﬁéﬁ&@%ﬂmj a6 tAsp s PoeApst @)ehé-Kapiplizad o yield 22 ng
(5.2 % of pur| fied cycli c(cﬁsgplil)d%g- Thi sﬁé}o(?r)p?ound was yﬁom)}g:jeneous by HPLC.
LR- El ectrospray CA8H60Nr 107S2 Br cal: 1047 observed: z (1048 MtH).
EXAMPLE 72 15 Preparation of Penta-cycl o( Asp-Lys)- pc- (D) Phe-Arg

Tr p- Lys- NH2 Frnoc- Li nker-BHA resin (720 ng, O. Exanpl e 29 were
subj ected to solid phase synthesis usin ri bed above. All
couplings were perforned using HBTU | as t updl kng agent and DI PEA
(3" equiv.) as base. Six coupli ycl es’mﬁe per rred of 20 one cycle
each with Fnoc-Lys (Boc) (565 , 1.2

Froc- Trp (520 ng, 1.2.ymol) d HBT (452N

(800 my, 1.2 mmol) aw : ( .

nmol ) and HBTU (452 ng, 1. nmol )], CQApp (55@>rrg 1.2 mol) and HBTU

(452 ng, 0.6 mmol ), Froc-Asp (OBut)n{1500 ng,Ll.2 nunol) and HBTU (452 ny,

1.2 mol ). The peptide resin was ed t hrou h steps 1 28 February 2005
[

WO 02/ 18437 PCT/ EPO /09630 -194 f§ protoco¥ Iy washed with CH2Cl 2 (three
tinmes) and treated with 2 nlL valer anhydrl de in. 6% D PEAI CH2C12 for 30
m nutes. The resin was filtered and washed successively with 50 Ml each of

CH2Cl 2 (tWo tR{BRSlnket- %Pﬁﬂﬁﬁ'(’ﬁ’)&m Y nfhid k4 £ 2o WIRSshibjedtBBto s&?& n Was

dried und r va uumtoPy _g of Pentyl hexapepti de re5| n.

Pentyl 2 esaﬁﬁe‘ipﬁ B USingi 0%3 1describediabara Hlvonplings wess pedenniadiusipg ! ?’(SH nb L
DMEF as the coupling agent and DIPEA (3 equiv.) as base. Six coupling cycles were performed of
one cycle each with Fmoc-Lys (Boc) (565 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Pmoc-
Trp (520 mg, 1.2 mmol} and HBTU (452 mg, 1.2 mmol), Fmoc-Arg (Pmc) (800 mg, 1.2 mmol)

) and HBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) and HBTU (452 mg, 1.2
10 mmol), Fmoc-2-MeAppc (570mg 1.2 mmol) and HBTU (452 mg, 0.6 mmol), Fmoc-Asp (OBut)
(500 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol). The peptide resin was carried throngh
steps 1 - 5 of protocol 1, washed with CH2Cl (three times) and treated with 2 mL valeric
anhydride in 6% DIPEA/CH2Cly for 30 minutes. The resin was filtered and washed successively
with 50 ml each of CH2Cl (two times), isopropanol, and CH2Cly (three times). The resin was
15 dried under vacuum to yield 1.2 g of Pentyl-hexapeptide resin.

The Pentyl-hexapeptide resin was treated with 100 WL ethanedithiol, 100 pL

dimethylsulfide, 250 uL anisole, and 10 mL trifluoroacetic acid at room temperature for 180 min.
The resin was filtered off, washed with ~2 ml TFA and the filtrates precipitated in chilled ethyl
ether. The precipitates were centrifuged and the ether layer decanted. The residue was washed

20 with two or three volumes of EtyO and rec:énu'ifuged and the crude linear product was dried
under vacuum to yield 250 mg of an off-white solid. The crude peptide was subjected to
cyclization without purification.

250 mg of the crude linear peptides was dissolved in 220 ml of DMF, 500 uL of N-methyl
morpholine was added to have an apparent pH of 8.0. 280 mg of BOP was added and the




di met hyl sul fide, 250 pL anisole, and 10 nL trifluoroacetic acid at room
tenperature for 180 min. The resin was filtered off, w8febdiany 20052 nml TPA
and the filtrates precipitated in chilled ethyl ether. The precipitates
were centrifuged and the ether | ayer decanted. The resi due was washed wth
two or thregowehsages of Et 20 and recentrifuged and the cpgfigpdipsigsr product
was dried 10 under vacuumto yield 245 ng of an off-white solid. The crude
peptide was subjected to cyclizatiori9%uwthout . purification. 245 ng of the

crude Ilne%geptl des was dissolved in 220 ml of DAP, 500 [LL of N-nethyl
mor phol | n@cii@tonWersronitprefhyd TR Typisalls the cpdlizefongyay completedyithin 1808 hanss. added
and the 1ouel dfatd: Gs aeed EH)d%ﬁ 0k Rlctoh hﬁ@%&%@b&@é&llﬂv&h&m%&h@&&m vas
conpl eted_within 18-24 ho l_iﬁéo of water was added to stop th

reacti on, P R M EFE ecrY cuum and the resulting reaction mxture
was purlfled by HPLC. ThIS crude cyclic material was purified by

preparative Hbisgrede qicligyoreiabyss mwifiediby frépebative I-M.chm)a\éwddc@l&nohdnw\mm a
li near 596@211 &:E)tanafelu'e’&x@ﬁl/a ﬁe@#&&gﬂt o-SbO/} Ef% ﬂz@l%gg’ 3o, ﬁ;}fﬁ& BH04%

TPAI CH3 l ow ra et ect mai n peak
was cut @@Haq?ﬂ thoé%ﬂﬂ m@taﬁmlfmée@m@o%p@m Ebemmazsﬁl@w Cuﬁ%yol ed and

| yophi | i zadiytient H!PECG&LQ?MJHI chlledtedFragions lpoﬂlﬁi 4 ly Gz &T@?ﬂe 5 9% Tl‘.l

conmpound hom) eneou HPLC. L ctrosp 1018
obser ved: VIR, of Yl gapoiipd v 0%6@698%W%4£]ﬁ6ﬁ0@56ﬁ/ 09630

-195 EXAI\@SLEsNBOE’Efdﬂ@BatObmvedfmlz (1033M+-H).

Pent a- cycl o( Asp- Lys) - Asp- 2- MeAppc- ( D) Phe- Arg- Tr p- Lys- NH2 Fnoc- Li nker - BRA
resin720 ng, 0.4 mol) from Exanple 29 were subjected to solid 5 phase
synt hesi s using Protocol 1 described above. Al couplings were perforned
usi ng HBTW J as the coupling agent and DI PEA (3 equiv.) as base. Six
coupl i nnge performed of one cycle each with Fnoc-Lys (Boc) (565
ng, 1.2 mmol) and HBTU (452 rng,1.2 mmol), Fnoc- Trp (520 ng, 1.2 nmol) and
HBTU -( 45 Prepyration®df Remiacyclélidse-Lye) chAspRARIAppE (D) Big; Ark-TRpihyoNH, and HBTU (452
ng, 1.2 rrrml) Frnoc- ( D) Phe (480 ng, 1.2 mmol) and HBTU (452 ng, 1.2 10
nmol ), Fnoc- , Fnoc- Asp
(OBut)

Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid

15 phase synthesis using Protocol 1 described above. All couplings were performed using HBTU in
DMEF as the coupling agent and DIPEA (3 equiv.) as base. Six coupling cycles were performed of
one cycle each with Fmoc-Lys (Boc) (565 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-
Trp (520'mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-Arg (Pmc) (800 mg, 1.2 mmol)
and HBTU (452 mg, 1.2 mmo}), Fmoc-(D)Phe (480 mg, 1.2 ramol) and HBTU (452 mg, 1.2

20 mmol), Fmoc-2-iPrAppc (600 mg 1.2 mmol) and HBTU (452 mg, 0.6 mmol), Fmoc-Asp (OBut)
(500 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol). The peptide resin was carried through
steps 1 - 5 of protocol 1, washed with CH,Cly (three times) and treated with 2 m1L valeric
anhydride in 6% DIPEA/CH2Cl) for 30 minutes. The resin was filtered and washed successively
with 50 ml each of CH2Clp (two times), isopropanol, and CH,Cl3 (three times). The resin was

25  dried under vacuum to yield 1.2 g of Pentyl-hexapeptide resin,



(500 ng, 1.2 mol) and HBTU (452 ng, 1. 2 mmol ). The peptide resin was
carried through steps 1- 5 of protocol 1, washed with 28Hebrgery 268%e ti nes)
and treated with 2 nL valeric anhydride in 6% DI PEA/ CH2ClI 2 for 30 nmi nutes.
The resin was filtered and washed successively wth 50 m each of CH2C12
(two tinmes)womagsppanol, and CH2Cl 2 (three tines). The pekPisE, 15 dried
under vacuumto yield 1.2 g of Pentyl - hexapepti de resin. The

Pent yl - hexapepti de resin was treated-ii7t-h 100 -L ethanedithiol, 100 IL

di met hyl sul fide, 250 pL anisole, and 10 nL trifluoroacetic acid at room
tenperature fEheHWI#XﬁPEPﬁﬂeeeanmsmemtwﬁlQ()azIezthzufeﬂJ,tmmwm with -2 nl TFA

and the fi i tat i il ed eth et her. The pr itates
wer e cent r%#gtg}ggﬁﬁ%ﬁﬁ@ ﬂle FIQ%’P“‘B ARoTpacets a r?%?%f%&&%xé@%@au 20
wWith two dthetdsinaens ﬁhéradmﬁ wafsheﬁtna& ~angll TrRAGaH iid ﬁlu@ledpxaagmtt&ﬁn ehmapethﬁ near
product o RL AR Mo Lt I Bl LT LS SRl e
the crudle "mhméfapr ﬁbeqﬁv’phvgys vEEQ Iasémk:mmfuqu aﬁdﬂilerﬂrudrfhﬂﬁ-'pmeﬁﬁﬂwakﬂnedf

N- et hyl dde have ar ent 80 ng of BOP
was added an‘%Q"flﬁ(il ggyﬁfcﬁ%ﬁﬂgy 268%"% ffgial%“ P S(i&@%edztﬁ%
cycl i zat i ercliggdion mithputgruaificilipn HPLC. Typical |y the cyclization was conpl et ed
within 18-24 hours. 10 nml of water was added to stop the reaction, DVF was
evaporated in ied by
TPLC. This or vaa by Buleids et hi\hol S 20y BLBMY S B oeR ™S
Vydac Cl8maspholine va. ﬂ§d865t0>hamncapparamt¢miﬁat09d2m ) ofBOP wesuddet adi tbent of
20- 60%®B CRUIkiBH wAS mBnitofed by YIRS Aras - %ml
flowrate gpid m n, mdlélt ecti‘on 288"’%{&%% J?Chzguén&ascgé\ka cu anaq yﬁl cal
HPLC anal y ateryyas added do ftﬂa@ﬁr@ﬁt@n» By@%emmtvbpmqmm eyasellidg 61 ny
(15 % of ractionthixere @igyhRiiedby @Ppder . This conpound was honobgeneous by
HPLC. LR-El ectrospray C H73NI, 308 cal : 1032 observed: mz (1033MtH). 10
EXAMPLE 74 Pr
Pent a- cycl o %%%gmaﬁwﬁsp%mﬁfﬁ?ﬁfgp FgeFHA 3R Xirde EAb e nR k2P - BHA
resin (7282 with 4 lingar Eadiens|of 20260%Br(buffar: 8.4 %cTFA/H,G, diuffer B: 0.1%

15 TFAICH3CN) in 90 min., flow rate 8 ml/min, detection 280 nm. The main peak was cut by

analytical HPLC analysis of collected fractions, pooled and Iyophilized to yield 52 mg (14 %) of a
white, amorphous powder. This compound was homogeneous by HPLC, LR-Elecirospray:
CseH77N1304 cal: 1060 observed: m/z (1061 M+H).

20 EXAMPLE75

Preparation of Penta-cyclo(Asp-Lys)-Asp-3-MeAppc-(D)Phe-Arg-Trp-Lys-NH,

Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid
phase synthesis using Protocol 1 described above. All couplings were performed using HBTU in-



15 phase synt he5| S using Pr otocol 1 described above. I%%Apl i Qg were
performed using HBTU in DM as the coupli ng agent and 1 @qu V.) as
base. Six coupling cycles were perforned of 'one cycle each vvlth Froc- Lys
(Boc) (565 nmg, 1.2 mml) and HBTU (452 ng, 1.2 mmol), Fnoc- Trp (520"ny, 1.2
mol ) and Hedbfdh? ny, 1.2 mmol), Fnoc-Arg (Pnt) (800 mycrdpede9ssy! ) and
'HBTU (452 ng, 1.2 mmol), Fnoc-(D)Phe (480 ng, 1.2 nmol) and HBTU (452 ng,
1.2 20 mmol ), Fnoc-2-i PrAppc (600 ng-192- ol ) and HBTU (452 ng, 0.6 mmol),
Frnoc- Asp ( M%t) (500 ng, 1.2 mmol) and HBTU (452 mol ). The

pept i de r eSME 2hhe cougpling agent prdIPRA (3 eqpe) 4353565316@&'0395@“@6?@&@@@ th
CH2Cl 2 ( t heeydd S ith Pehot THABRE) (964 g, zrﬂamw lL.gd quawlgglz%inﬂl

V[alJI:‘EA/’SE):I-IZCll%)a(%%%nag m an,l, atl@wy}ﬁ(remgr: was b tered gz}?@c S eg’]z‘gtjlgggsswely
t:cges) lTrwexd&&][h(%amgzmdtmdlj FmgeD)Phamonmg,mzy%zgd;maﬂd?gBm (452 Igl 1.2 0

' t

P07 The PERBRRMCEMARDE o76ie 1.2 MY hH Tt P Gl A (O . 100

L dinet H?p%@s:flr?dém@%dlﬂlﬂﬁi @62 g, Ihwiobl). Fhe perititle tesinoas eetmed thmiughat room

t enper at urggeph 0L 5 éﬁg'ofﬂcﬁl 1, wadhed ek Ch @ﬁs(ﬂ'gké tg.r.ﬁésfg‘n&:\.fn{e]lted Wi -2 M TFA
andtheflltrates eC| tatedlnc "l'e epreC|p|tates
were cent r‘in?l Kihgil fcu)’»@mnué@a’ﬁh@mn Fhefilteesli ad evashad swestiedy 5

wWith two Qpualdar, 0 1 nd .t ude |inear

product was dﬂa]ﬁ éﬁ$ gi E%T%sgal %aﬁﬁp%"déﬁg@% e&th‘e\%nﬁeere%Wﬁ. The
crude p@ptdrxdéuwhasv&ubpsntydﬂIbgoﬁﬂeﬁtyi—lm:hp@ndv\tehhout purification. 245 ng of
the crude I|inear peptl des was dissolved in 220 m of DM, 500L of N-rmethyl

nor phol i ne wa n. appar H f BOP was added
andpt he 10 cyc |zat| on \)%Eﬂer ofﬁgr @WﬁBL@“LI%T“@gﬂ%P& i@ cyclization was
conpl et ed divaéthylsulfid; 250 Pcisisdle, anlQ0 ﬁiﬂ.tﬁﬂudi’%ﬁ&ﬁc YéiBat Y6SHH RGhpcRindt R 166\in.
reaction, lpgﬁ,ted in.yacu an resutmg react|on mxture
was purified %’?Wﬁ%ﬂ RFvashedyd fc‘ﬁ% a‘iﬁ%ﬁ’eﬁﬁ’f‘q ¢d ia ghifled
_ lor epar at i ¢thetFIb€ postipitaidy dac: céiitﬂ?xgérl mdnha(&héiol/a Kr%l&ﬁiéﬁ I%Bﬁsﬂhé}wm%}ih a

i near ;gr 0 u 0
TFA/ CI—I?E‘?:I\I)QHﬂh %8%&(%&93( §fﬁb§taég§ec?ﬂu/‘%\ge‘i g ﬁggﬁl Cﬁ’rﬁwalsﬁ]é"’%m n peak
was cut bymdemkqnhnmlwdﬂ@xﬁgl@ﬂaysffsn}:ﬂ%s@m irBeéredk Jepadd wRRSbjedRAQbed and

| yophi | i Z%ﬂﬂﬁaﬁo}ﬁn%gu% 1:('014 % of a

248 mg of the crude linear peptides was dissolved in 220 ml of DMF, 500 L of N-methyl
- morpholine was added to have an apparent pH of 8.0. 280 mg of BOP was added and the
20 cyclization was monitored by HPLC. Typically the cyclization was completed within 18-24 hours.
10 ml of water was added to stop the reaction, DMF was evaporated in vacuum, and the resulting
reaction mixture was purified by HPLC.

This crude cyclic material was purified by preparative HPLC on a Vydac C18-column (2.5
x 20 cm) and eluted with a linear gradient of 20-60% B (buffer A: 0.1% TFA/H;0, buffer B: 0.1%
25 TFA/CH,CN} in 90 min., flow rate 8 ml/min, detection 280 nm. The main peak was cut by
analytical HPLC analysis of collected fractions, pooled and Iyophilized to yield 55 mg (14 %) of a
white, amorphous powder. This compound was homogeneous by HPLC. LR-Electrospray:
Cs4H73N130g cal: 1032 observed: m/z (1033 M+H).



white, anorphous powder. This conmpound was honogeneous by HPLC.

LR-El ectrospray: C56H77N1308 cal : 1060 observed: niz (zf%l%P"RﬁF}’-I?QOQO
EXAVMPLE 75 Preparation of Penta-cycl o(Asp-Lys)-Asp-3 MAppc- (D) Phe-Arg
Trp-Lys- NH2 Fnoc- Li nker-BHA resin (720 nmg, 0.4 mmol) from Exanple 29 were
subj ected t yP@likss; phase synthesis using Protocol 1 desgpiksfrsgve. All
couplings were performed using HBTU in 28 February 2005 WO 02/ 18437

PCT/ EPO / 09630 -198 DVP as the couplit-agent -and DI PEA (3 equiv.) as base.
Si x coupli s were perfornmed of one cycle each with Fnoc-Lys (Boc)
(565 nmg, T and HBTU (452 ng, 1.2 mmol), Fnoc- Trp (520 ng, 1.2
mmol ) and HBTU (452 ng, 1.2 mol ), Fnoc-Arg (Pnt) (800 ng, 1.2 mmol) and
HBTU ( 452 Brgparation ofifteity-cyclathsp-136)-Riped- MedPpar(D))Phe-Argrifgl-LysalNH, HBTU (452 nuy,
1.2 5 mol ), Fnoc-3-MeAppc (570ng 1.2 mmol) and HBTU (452 ng, 0.6 mmol),
Pnoc-Asp (OBut) (500 ng, 1.2 mmol) and HBTU (452 ng, 1. 2ymol). The

peptide resin was carried thro , washed with
CH2C12 (three tines) and treat i de in 6%

DI PEA/ CH2C12 for 30 m nutes. hed successively
with 50 m each of CH2C12 (t Cl2 (three

tinmes). The resin was Odrig i@ 2 g of

Pent yl - hexapept i de reM A - he i treated with 100
L ethanedithiol, 100 L dinethylsekfi G and 10 nL
trifluoroacetic acid at room temperhtur€e fo~180 n?n. Tﬁe resin was

filtered off, washed with --2 mM A and the filtrates precipitated in
chilled ethyl ether. The precipigates were celtrifuged and the ether |ayer
decanted. The residue was washed with two Nﬁl\,\t hree vol unes of R20 and

recentrifuged and the crude |ineaff product was dried under vacuumto yield
248 ng of an off-white solid. The'crude peptide was subjected to cyc
i zation without purification. 248 ng of the crude |linear peptides was

di ssof ved i n PR6c-Ninkaf BIIMresinOM th; 0.4Ghm E%Hnsdamgm@m&l JuBRcAR® sBrgled to
have an, agg%raen %E%g%o.ceé%gﬁg?gb 5’ S adS ed an% the 20 ¢ (,:rl i zation
was nori t : i el Pligs Wake Pepmimesiusime BN I8 18- 24
hour s. DME as the coupling agent and DIPEA (3 equiv.) as base. Six coupling cycles were performed of
one cycle each with Fmoc-Lys (Boc) (565 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-
Trp (520 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-Arg (Pmc) (800 mg, 1.2 mmol)
and HBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) and HBTU (452 mg, 1.2
10 mmol), Fmoc-4-MeAppc (570mg 1.2 mmol) and HBTU (452 mg, 0.6 mmol), Fmoc-Asp (OBut)
(500 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol). The peptide resin was carried through
steps 1 - 5 of protocol 1, washed with CH2Cl; (three times) and treated with 2 mL valeric
anhydride in 6% DIPEA/CH2Cly for 30 minutes. The resin was filtered and washed successively
with 50 ml each of CH3Clp (two times), isopropanol, and CHyCl2 (three times). The resin was
15 dried under vacuum to yield 1.2 g of Pentyl-hexapeptide resin.

The Pentyl-hexapeptide resin was treated with 100 pl ethanedithiol, 100 UL

dimethylsulfide, 250 pL anisole, and 10 mL trifluoroacetic acid at room temperature for 180 min.
The resin was filtered off, washed with ~2 ml TFA and the filirates precipitated in chilled ethyl
ether. The precipitates were centrifuged and the ether layer decanted. The residue was washed
20 with two or three volumes of EtyO and recentrifuged and the crude linear product was dried
- under vacuum to yield 254 mg of an off-white solid. The crude peptide was subjected to
cyclization without purification. '



10 mM of water was added to stop the reaction, DMF was evaporated in
vacuum and the resulting reaction mixture was purifi &8 fisprygoy 2005rhij s
crude cyclic material was purified by preparative HPLC on a Vydac
Cl8-colum (2.5 x 20 cm and eluted with a Iinear gradient of 20-60% B
(buffer A QoldmdBA H20, buffer B 0.1% 25 TFA/ CH3CN) i BeBBpdildse f1OW
rate 8 m/mn, detection 280 nm The main peak was cut by anal ytical HPLC
anal ysis of collected fractions, poota®-and |yophilized to yield 55 ng (14
% of a white, anorphous powder. This conpound was honbgeneous by HPLC.
LR- El ect r ospr 23# mg eBheapa peptides’08 Ziswbed in/290:mink DME] BRGUINFIN-meRH

Feb 19 6 P ' f
Pent o cycor At Wi o i 0 0 e bR o B e - Bra
resin (726VHEANOp Vs mapitgred pp abpicallytbe oyslization bpeohgplttedovithid 1824hophase

synt hesi s 1016l BfwterGk068dedko %ﬁ%ér%oﬂ%waﬁv&pp&lz% : iVQM Fel Ferglglgnregnegl «

usi ng TU in  DVE as the. ng agent and D equiv.) as >

coupl i % peia™ ”r"éwﬁse?"fr%ﬁceag’g%Fg one cycle each with Fnoc-Lys (Boc) (565

my, 1.2 mmol) and HBTU (452 ng, 1.2 mol ), Froc- Trp (520 ng, 1.2 nmol) and

HBTU (452 ny, This gru ¢ mFod-was pfePRAALVHPIIC én C1806luhiB {35 (452
This crofewykl id i ‘ BetukiBy,

Mg, 1.2 NRBYdm) SRS I ] BT, 2440
ol ) | ang&%pcté ( 5709%%?%3%% ffzgﬁw&ﬂ%}%?q%%%%@ 6ado.. Asp
(OBut) ( CNy 1090 e flowrate 8impinying diteztingy 280102, Fhewiajn pakwapmphyi de resin
was carr i aslyal BRI anskySp6f chieckdFachinm] pOpEERg ree

ti rres)man‘(%wg?eate W t valeric aﬂﬁ%#‘él n 6%%%%&%%/ﬁf§%r 30
nm nut es.  FRSTRRCUEROWGET-t BB ePRpYR A oggrcousky HBG: LRflegtrasprayy each of
CH2C12 ( t GaHesNaas3)cal: 1050 pbepadoh/z @03 MHREG12 (three tinmes). The resin was 15
dried under vacuumto yield 1.2 g of Pentyl -hexapeptide resin. The

Pent yl - hexapeptide resin was treated with 100 L ethanedithiol, 100 L

di met hyl sul fi de, 250 pL anisole, and 10 nL trifluoroacetic acid at room

t enper at O mn. The resin was filtered off, washed with -2 m TFA
and the Wpreci pitated in chilled ethyl

-

Preparation of Penta-cyclo{Asp-Lys)-Asp-4-ClAppc- (D)Phe-Arg-Trp-Lys-NH,

15 Ci

Fmoq-Lirlker—BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid
phase synthesis using Protocol 1 described above. All couplings were performed using HBTU in
DMEF as the coupling agent and DIPEA (3 equiv.) as base. Six coupling cycles were performed of
one cycle each with Fmoc-Lys (Boc) (565 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Pmoc-

20 Trp (520 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmel), Fmoc-Arg (Pmc) (800 mg, 1.2 mmol)
and HBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol} and HBTU (452 mg, 1.2
mmol}), Fmoc-4-ClAppc (580 mg 1.2 mmol) and HBTU (452 mg, 0.6 mmol), Fmoc-Asp (OBut)
(500 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol). The peptide resin was carried through



~ether. The precipitates were centrifuged and the ether |ayer decanted. The

resi due was washed 20 with two or three vol unes of Et2Q8drabruag005ifuged
and the crude |inear product was dried under vacuumto yield 254 ng of an
off-white solid. The crude peptide was subjected to cyclization wthout
purificati oWged@ssbebruary 2005 WO 02/ 18437 -200 PCT/ EPOl{,Q%ﬁgm;s@él ng of
the crude linear peptides was dissolved in 220 nl of DM, 500 .

N-nmet hyl  norphol i ne was added to havagian apparent pH of 8.0. 280 rrg of BOP
was added and the cyclization was nonitored by HPLC. Typically the

cyclizat i 88PN’ W@léwﬁhﬁdﬁmqléz@z(thm@es)amm@t«bmmmm added to
stop the ol d tin

eacti on Srdeunomkcab Db ROEHB RS RhffteleR THRM s MG M R kil
purified Bjhpgp eqiaa@tqf%lzﬂlﬂ(@fmna) \ispgheparidl- ﬂdl@ﬁﬂj@hﬁeﬁe@ﬂl‘h&ﬁ}sﬁﬂﬁ el ut ed
with ali i ent . of. 60Y% uffer 1% TFA/ H20, buffer B: 0. 1%
TFA/ CH3 m%? VAR tg yig é/q? ﬁ’%“tﬁf c@é?sé%tl on 280 nm The main peak

was cut by anal ytical HPLC anal ysis of coI | ected fractions, pooled and
| yophi |5 zed tTheRestytth&@pensid¢ fedinAVaoireandd veith 100 puikdithapedithichriobolus powder. This

compound s ,h HP ectrospra C54H({3N1308 cal: 1032
ob;ne)r \ljed %eﬁh ?@%ﬁ rb%ﬁH; @%@\W‘ﬁ? #“A@W%ﬁ%ﬁ%*@&f%éé@@%@%@@s)
/852- 4-c1I )Ammetjl é@)n@haueeecnofﬁ Ws}k&ﬁut::g@ nﬂfrygla?&mecﬁil @t&hﬁh w%ﬂed(eﬁ%@

.4 mmo [0 j ecte 0, SO se synt hesis u5|ng
Protocol T %fé?g g%tﬁtﬁ%v‘aéeceﬂ&ﬁ ﬁFhﬁ eflaye dscapte % é DVF
as the c?wﬂh twrgod ﬂgmnf wolamels tﬁlﬁwaxﬁﬁe&ﬂuifgg%)i aﬁ&ﬂ:kjﬁ&ﬁ&lehﬁtai(pﬁﬁuahvdagnsdlcl eis

L Boc 565 , 2
A HERL) S Yacion £ 500 i o e Sl Mol bestich winmIbjeciuide HBTB“?4?32

ng, 1.2 mmmaauofwnhelﬁrpgnﬁaﬁm) (800 ng, 1.2 mmwol) and HBTU (452 ng,
nmmol ), Fnoc-(D)Phe (480 ng, 1.2 mmol) and HBTU (452 ng, 1.2 nmmol),

Froc- 4- G Apposh %8 bf T cFude h%lp}epuadgg wal\_sl%lssol\(nfas m 25@::11 of DWEB!) 1([. oF II;frDme

(CBut) morpholine was added to have an apparent pH of 8.0. 280 mg of BOP was added and the
cyclization was monitored by HPLC. Typically the cyclization was completed within 18-24 hours.
15 10 ml of water was added to stop the reaction, DMF was evaporated in vacuum, and the resulting
reaction mixture was purified by HPLC.

This crude cyclic material was purified by preparative HPLC on a Vydac C18-column (2.5
x 20 cm) and eluted with a linear gradient of 20-60% B (buffer A: 0.1% TFA/H,O, buffer B: 0.1%
TFA/CH;5CN) in 90 min., flow rate 8 ml/min, detection 280 nmn. The main peak was cut by -
20  analytical HPLC analysis of collected fractions, pooled and lyophilized to yield 55 mg (14 %) of a
white, amorphous powder. This compound was homogeneous by HPLC. LR-Electrospray:
Cs3H7oN)305Cl cal: 1032 observed: m/z (1033 M+H).




(500 ng, 1.2 mmol) and HBTU (452 ng, 1.2 nmol). The peptide resin was B
carried through 28 February 2005 WO 02118437. PCT/ EPO1/28F&buary 2005 st eps 1-
5 of protocol 1, washed with CH2CI 2 (three tines) and treated with 2 nL
val eric anhydride in 6% DI PEAI CH2Cl 2 for 30 m nutes. The resin was
filtered angomaigd successively with 50 nl each of CHZQ@g&hW%m%b”ES),
i sopropanol, and CH2A 2 (three tinmes). The resin was dried under vacuumto
yield 1.2 g of Pentyl -hexapeptide resig.- 5 The Pentyl - hexapepti de resin was
treated with 100 L ethanedithiol,.100 pL dinethylsulfide, 250 pL anisole,
and 10 i EEAMBIEZ8oacetic acid at roomtenperature for 180 nin. The resin
was filtered off, washed with -2 mMl TFA and the filtrates precipitated in
chill ed ePhyhratieh 6PentaléySlo QP AyHLADL LPhORPFc-GHPhL- the ether |ayer
decant ed. i';'eﬁe resi due \A?g \%}agﬁgﬂ%th tvvics)fcogﬁt hélg;e vol Umes of Et 20 and
recentrifuged and the crude linear product was dried 10 Mnder vacuumto
yield 250 ng of an off-white sokhid. The cr rd€ wap subjected to
cyclization without purificatipf: ng of the c i hear peptides was
dissolved in 220 mM of DWP, 50p pL of N nrthyl jhe was added to
have an apparent pH of 8.0. 28D ng of Sggiﬂas add¢dyand the cyclization
the cyCl¥zabio

was nonitored by HPLC.;RUQ{% onpleted wi thin 18-24
hours. 15 10 m  of water ‘Wwa}§ addél

N 8O DMF was evapor at ed
in vacuum and the resultind re hon xty%f wag puri
I

ied by HPLC. This

crude cyclic material was purifi y preparative HPLC on a Vydac
Cl8-colum (2.5 x 20 cm and elutled with a Nyear gradient of 20-60% B
(buffer A 0.1% TFA/ H20, buffer . 1% TFA/Q‘.I;ISCI\I) in 90 mn., flowrate 8
m |l mn, detection 280 nm The nmai eak was ¥ut™by 20 anal ytical HPLC

anal ysis of collected fractions, oled and lyophilized to yield 55 ng (14

% of a white, anorphous powder. ?E;; conmpound was honogeneous by HPLC.
LR-El ectrospray: C53H70N1308Cl cal >~1032 observed: mz (1033 M-H). 28
February 2005 WO 02/ 18437 PCTI EPO1/ 09630 -202 EXAMPLE 78

_ Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid
5 phase synthesis using Protocol 1 described above. All couplings were performed using HBTU in

DMEF as the coupling agent and DIPEA (3 equiv.) as base. Six coupling cycles were performed of
one cycle each with Fmoc-Lys (Boc) (565 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-
Trp (520 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-Arg (Pmc) (800 mg, 1.2 mmol)
and HBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) and HBTU (452 mg, 1.2

10 mmol), Fmoc-4-PhOAppe (650 mg 1.2 mmol) and HBTU (452 mg, 0.6 ramol), Fmoc-Asp
(OBut) (500 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol). The peptide resin was carried
through steps 1 - 5 of protocol 1, washed with CHyCly (three times) and treated with 2 ml,
valeric anhydride in 6% DIPEA/CH2Cly for 30 minutes. The resin was filtered and washed
successively with 50 ml each_ of CH2Cl2 (two times), isopropanol, and CHyCly (three times).

15 The resin was dried under vacuum to yield 1.2 g of Pentyl-hexapeptide resin.

The Pentyl-hexapeptide resin was treated with 100 uL ethanedithiol, 100 uL

dimethyfsulﬁde, 250 pL anisole, and 10 mL trifluoroacetic acid at room temperature for 180 min.

The resin was filtered off, washed with ~2 m] TFA and the filtrates precipitated in chilled ethyl

ether. The precipitates were centrifuged and the ether layer decanted. The residue was washed
20  with two or three volumes of Ety0 and recentrifuged and the crude linear product was dried

under vacuum to yield 270 mg of an off-white solid. The crude peptide was subjected to
cyclization without purification.



Preparati on of Penty cycl o( Asp-Lys) Asp- 4-PhOAppc- ( D) Phe- Ar g- Tr p- Lys- NH2 O
Fnoc- Linker-BHA resin (720 ng, 0.4 nmol) from Exanpl e 23 meyrearg2bp®cted to
soli-d 5 phase synthesis using Protocol 1 described above. Al couplings
were perfornmed using HBTU in DMF as the coupling agent and DI PEA (3
equiv.) as RapgnsakXx coupling cycles were perforned of 9@@,]3? Go&peach with
Fnoc-Lys (Boc) (565 ng, 1.2 nlnol) and HBTU (452 ng, 1.2 mmo ?, Pmoc- Trp
(520 ng, 1.2 mmol ) and HBTU (452 ny, -20%2- nmol ), Fnoc-Arg (Pnc) (800 ng, 1.2
mml) and HBTU (452 ng, 1.2 mmol), Fnoc-(D)Phe (480 ng, 1.2 nmol) and HBTU
(() 422 ny, | )1 ZFMn%SmE)hecﬁim&né:gﬂﬁﬁﬁmoo as(dﬁﬁﬂveﬂﬂ:ll no%nmmH%%a%umwnﬁéltﬁgg ng,

.6 rano - Asp u : nol ). an :
mol ). The PRpPT 8%43$9\/§%‘reéﬁ??ﬁag%ﬁ P%f??%,gf'?‘sé BE’? s gg eél"’g‘?g’&ol 1,
washed wi tdycl@ride@ivashdmitoeediby ST, Typdcaly Getcpdizatioh wa@comhpletuchivigliih ¢ -2 hyaisi de
in 6% D P 1 i filkter nd shed.
successi VEII(N yﬂﬁﬁ%g%r&ﬁdﬁ%%%‘g&%%@ﬁ&%%%@m ef‘é’o‘ﬁrg‘g%%’r%fi% it

(three #i ri8dgion mixusptyeas purified hydtPldk i ed under vacuumto yield 1.2 g of
Pent yl - hexapepti de resin. The Pentyl - hexapeptide resin was treated with 100

L et hanedi t hi Qthis chidié cpdlic nthtdiRl Walpatifiéd GrepdRRive HRDE 88 h FydATE 818 1ukkn (2.5

i1 tored orid SRS BT bR P sh - adtem et hibuoo TRER S bilpe oo

chill ed etTRA/CHgENein 90 fitie., floveriqh mbitnds delectionCéhhmi Thegadn pedt viadseutdiyher | ayer

decant ed. ~&g§b W h .ee vol S of 20Q and
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yi el d 290 Wytegrmenheyspowher: dhis spropourdiiyes bpmegengray by HELGaER Fldsrespra t 0
cyclizati anm.NyKPOLEalAYI0 Dbkl QR @B11ghayary 2005 WO 02/18437 _
PCTI EP01109630 - 203 270 ng of the crude |inear peptides was dissolved in
220 mM of DMF, 500 L of N-nethyl norpholine was added to have an apparent
pH of B.O. 280 ng of BOP was added and the cyclization was nonitored by
HPLCﬂ‘TypicaIIé t he cyclization was conpleted within 18-24 hours. 10 m

of wat er 0 stop the reaction, DV was evaporated in vacuum and
the resulting

Preparation of Penta- (Asp-Lys)-Asp-3-MeO-Appc-(D)Phe-Arg-Trp-Lys- NH;

a2

15

Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid
phase synthesis using Protocol 1 described above. All couplings were performed using HBTU in
DMEF as the coupling agent and DIPEA (3 equiv.) as base. Six coupling cycles were performed of

_ one cycle each with Fmoc-Lys (Boc} (565 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-
20 Trp (520 mg, 1.2 mmol) and HBTU (452.mg, 1.2 mmol), Fmoc-Axg (Pmc) (800 mg, 1.2 mmol)
and HBTU (452 mg, 1.2 mmol), Fmoc-{D)Phe (480 mg, 1.2 mmol) and HBTU (452 mg, 1.2
mmol), Fmoc-3-MeOAppc (580 mg 1.2 mmo}) and HBTU (452 mg, 0.6 mmol), Fmoc-Asp
(OBut) (500 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol). The peptide resin was carried
through steps 1 - 5 of protocol 1, washed with CH2Cl (three times) and treated with 2 mL



5 reaction mxture was purified by HPLC. This crude cyclic material was -
~purified by preparative HPLC on a Yyd\aq C18-colum. (28Februatp2009 and
eluted with a |inear gradient of 20-60% B (buffer A: 0.1% TFA/ H2O buffer
B: 0.1% TFAICH3CN) in 90 min., flowrate 8 m/mn, detection 280 nm The
mai n peak Wafp dzHieRY anal yti cal HPLC anal ysis of col | ect 86y/kbifbdeNs.

pool ed and |yophilized to yield 58 ng (13 %9 of a 10 white, anorphous
powder. This corrpound was honogeneousZ®y HPLC. LR-El ectrospray:

C59H75NL3 cal 110 rved: miz (1111 MrH). EXAMPLE 79 Preparation of
Pent a- 8%%@%? L2 fior 30 myipyrtes: [Shq spsin whg-Blteres! andavashel nker - BHA

resin (7ZQudﬂf&s1V@yﬂlﬂﬁfm3ﬂnleafc]iﬁfE g]gﬂa«@t%%s)/‘@sﬁﬁr M%&@ﬁz@z@&kéﬁes hase

synt hesi Sglﬂ?l ng Prot ocol descri above coupl i ngs ‘were per “or ned
usi ng HBTUWhE Fesiyoscriad W*@e‘mmﬁgd%érsmfaﬁwimemppt@rmw) as base. Six
coupling cycles were perforned of one cycle each with Fnoc-Lys (Boc) (565
my, 1.2 ol ) TRdnBRk Fin wh %ﬂé@dvﬁmdﬁgﬂ. ol fod rr!?J 1.2 nmol)
and HBTU (452, n, b nwDé]P)%aanoc Arg (P N % and HBTU
(452 aﬁg dmleﬂzflwlﬁtib)Zﬁo Hhama(l@)aﬁlhéﬂ J(nﬂ-gﬁﬂuuycpacém&adlmf@onanm;kﬁﬁiﬂe AW, 1.2

mol ), E%SI%%A@ an 452 I

Fnoc- Asp ut Begec‘(%%ﬁgd B arﬁﬁ%ﬁﬂﬁ%}gﬂé reangiedgﬁ%ﬁ%ﬁ%tgfhe
peptide ré& iﬁh 'Rbaﬁfe@@ﬁ#%‘ﬂmmﬁﬁu and ghesther 1a5erdfecaptedt Bbotesidye washaddwi t h
CH2C12 ('t RiiBews biReek valifhed SRS shdVetdhtrfudld 288 eI MnYer %Q c&@,sﬁ% 48437
PCT/ EPOL/ 09630 - 204 valeri’c anhydride 1 n 6% DI PEAI CH2C12 m nut es.
The resi nupges vidupimde pidld250 myad bredff-white sdidsTheatrydepieptidestas stbjesdho of CH2O 2
(two thmeg}dmdhggmm&ﬁ@%ﬁcﬁgg CH202 (three tines). The resin was dried
under vacuumto yield 2 g of Pentyl-hexapeptide resin. The

Pent yl - hexapepti de re5| n.was treated with 100 pL eehanedithiol, 100 L 5
di net hyl sul f i €98 mgosthe crydedinpay peptideg was digolved int229 i oHPMEC0IME OébTrldﬂthtl room

tenper at UpRyiHline:$Q aBldd to heSn afdrbht Wiorfio] WQ;%EI e -2 M TFA
and t.he fil q; tes a eci p?dtetlat ed aﬁl%ﬂkchl Il ed et %gﬂﬁﬂggﬁr%% fé 4 reC| pitates
vere cent FIF: s Rofoe eall e sielizationnis cpBlctsdaviisl SbddioBs. v ¢ h

two or thi@ml crfo/bamms ﬂfdecﬂfto?s%pamd rd’a&ﬁﬁDDMffW @6hpaiitedtih Qadunbi] Q:d theRAllHRY oduct
was dr ise dreact;.on mixture was purified by HPLC.

This crude cyclic material was purified by preparative HPLC on a Vydac C18-column (2.5
X 20 cm) and eluted with a linear gradient of 20-60% B (buffer A: 0.1% TFA/H,O, buffer B: 0.1%
TFA/CH;CN) in 90 min., flow rate 8 ml/min, detection 280 nm. The main peak was cut by
analytical HPLC analysis of collected fractions, pooled and lyophilized to yield 54 mg (13 %) of a
20 white, amorphous powder. This compound was homogeneous by HPLC. LR-Electrospray:
CssH73N1300 cal: 1048 observed: m/fz {1049 M+H).

EXAMPLE 80

Preparation of Penta-cyclo(Asp-Lys)-Asp-4-Adpc-(D)Phe-Arg-Trp-Lys-NH,

25



under vacuum to y| eld 250 ny of an off white solid. The crude peptide was
subjected to 10 cyclization wthout purification. 250 @#§ febryane2¢dde

| i near peptides was dissolved in 220 m of DWP, 500L of N-nethyl

nor phol i ne was added to have an apparent pH of 8.0. 280 ng of BOP was added
and the cygd@akdsen was nonitored by HPLC. Typically thecf¥pdilodadsi on was
conpleted within 18-24 hours. 10 ml of water was added to stop the
‘reaction, DVF was evaporated in vacuu#d-and the resulting 15 reaction

m xture was puri HPLC. This crude, cyclic terlal urified by
preparative HE’E'@C EH&QY ZEIY 0 gy (L mmpeb figm Kxam e@ﬁj"’e‘éﬁ’ﬁ&bié‘r't@f @i th a

| i near gr pHaserynthdsis 26nHPAGtdo] Didséribied Asove) 10 &Eﬁﬁﬂg?ﬁ:re@ldi%ﬁﬁedﬁsm HB% in

e cut o ne e P dee BNt Ba P g Tt hast PR Rt R aseBnc i T

| yophi | i z&ge F)Gleyeﬁdi witiePmegyLys {Boak(565fmgal.2 EﬂfloﬂnndéiBWS© brgukZ povdleFmodhi s
conpounsl (m £ R ﬂfﬁ’i—"@gsb %ggi SEILDS P8 g R (EROP 2 Gthory 1048
T‘%@&b 80

observed: 9 M+H). EXAMPL aration
Pent a- cyclA® %‘)’g’ ORdE‘EO‘(“@%(A W& Trdmmpl) apdFIBAR) (482 mede2iary 2005

}"D 02/&843?11519;'&159%99@3%1%9?101%'@ 81T mB %Tﬁﬁﬁl | PnbC RS (nmut)gsdb lrmtlﬂ )
rom a e SO as S esl| s n Pr ot oco
descri be:jrp ‘%ﬁo&éé’”}q& ?“di@%ﬁijr%sﬂﬁ?é%@ff%@m%sg sﬂ’d”ﬁgﬁega’f Bgl t he
cou PI i ng é@éptot@mbll @h&hEA“ﬁtﬁ C&Iaﬂly(tblzreamnésamﬁitréted with2phl, w;eﬁtyagh RiRidesy g .

r no.C
ey IES S PrRASIR G For oMl Tt a6 Rttt vl ik i pb g
1.2 mol) gadﬁmcﬂgcg; (GRyithed) S@réf@nolland AHBTI,) (thréé e Tltﬂe(résﬁ&nmneciu&eﬂml )

Frmc (D) Phe (48 and HBTU (452 ng, 1. 2 mol ), Fnoc- Adpc (620
gl'anta %a@znwgl@@mﬂ A$ASFY- Fnoc- Asp (OBut) (500 n& 1.2

mml) and HBTU (452 nmg, 1.2 mmol ). The peptide resin was carried through

steps 1- 5 of ThY RnBtakcapeptife siRCradirbdtedIAC 08 pllehh8&QlithidIBSH yand treated with
2 nL walerjc anh%drlde in 10 6% DI PEAI CH2A 2 for 30 mnutes. The resin was

filtered B0 pd-anisploang 1ol riipredceticagid at wonGeREkatut fanl &0iomes ) |

| sopr opaNnghe r&A Lot WAURR Wit B TFANGA BRSSP Selitafed il DHRA ethyl
ether. The precipitates were centrifuged and the ether layer decanted. The residue was washed
with two or three volumes of EizO and recentrifuged and the crude linear product was dried

under vacuum to yield 242 mg of an off-white solid. The crude peptide was subjected to
«<cyclization without purification.

20 242 mg of the crude linear peptides was dissolved in 220 ml of DMF, 500 UL of N-methyl
morphohne was added to have an apparent pH of 8.0. 280 mg of BOP was added and the
cyclization was monitored by HPLC. Typically the cyclization was completed within 18-24 hours,
10 ml of water was added to stop the reaction, DMF was evaporated in vacuum, and the resulting
reaction mixture was purified by HPLC.

25 This crude cyclic material was purified by preparative HPLC on a Vydac Ci8-column (2.5
x 20 cmy} and eluted with a linear gradient of 20-60% B (buffer A: 0.1% TFA/H,0, buffer B: 0.1%
TFA/CH;CN) in 90 min., flow rate 8 ml/min, detection 280 nm. The main peak was cut by
analytical HPLC analysis of collected fractions, pooled and lyophilized to yield 48 mg (11%) ofa
white, amorphous powder. This compound was homogeneous by HPLC. LR-Electrospray:

30 CeolH7sN1205 cal: 1093 observed: m/z (1094 M+H).



vacuumto yield 1.1 g of Pentyl-hexapeptide resin. The Pentyl-hexapepti de
resin was treated with 100 [.tL ethanedithiol, 100 pL Zéﬁﬁﬁwmyngﬂénde, 250
JIL anisole, and 10 nL trifluoroacetic acid at roomtenperature for 180
mn. 15 The resin was filtered off, washed with -2 mM TPA and the filtrates
precipitatewoioiglm | | ed ethyl ether. The precipitates WeEerrgadess f uged and
the ether |ayer decanted. The residue was washed wth two or three vol unes
of Et20 and recentrifuged and the cri#®-1i near product was dried under
vacuun1togiggh§;éﬁ2 ng of an off-white solid. The crude peptide was

subj ect ed Li zati on wit hout purification. 20 242 ng of the crude

| i near peptides was dissolved in 220 mM of DMF, 500 [.tL of N -nethyl
nnrpholln@ﬂm@&naddﬂﬁmﬁawﬂw@mgﬂm&ﬁm&ﬁd&WDDH&Q&g&&@J,Bﬁﬁhng of BOP was added
and the cyclization was nonitored by HPLC Typlcally the cyclization was
conpl eted within 18-24 hours. 10 ral of water was addeg to stop the
reaction, DMF was evaporated in vacuum and the re

TFA/ CH3CN) in 90 nin., flow fate 8 ._' i 80\ nm fhe mai n peak

was cut by anal yti cal AJPLC jaihs pool ed and
| yophilized to yield 48 Y
conpound was honobgeneous

er. This
' 30 CopH76N120s cal : 1093
observed: nmz (1094 M+H). 28 Febr / EPO1/ 09630 - 206
EXAMPLE 81 Preparation of Penta-
Achc- (D) Phe- Arg- Tzp-Lys- NH2 Fnoc ker-BHAN edin (720 nmg, 0.4 mmol) from
Exanpl e 29 were subjected to solid s phase synthesis using Protocol 1
descri bed abqve. coupllngs were performed using HBTU in DMF as the

cou ]Pl ing ageﬁ?ﬁo& -BER 1esin 6720ing, §-4 ayndihfem ERennple@l pletersgbjested esolider e
EE%U°EZ’§§,8‘§!§€ s"g‘i@‘;ﬁg @r%%%%%ﬁﬁ%L%Wmﬁ?%é “? 5.
mol ) ¢ i Coipe i yas Yngsgclepgrerap
Froc- ( D) Rive cfd@@chngith FodcIpp{Boc (86 B 1l thddB afE HETTR(452 mg, 1.2 mmol), Fmoc—
Trp (520 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-Arg (Pmc) (800 mg, 1.2 mmol)
and HBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) and HBTU (452 mg, 1.2
10 mmol), Fmoc-Ache (560 mg 1.2 mmol) and HBTU (452 mg, 0.6 mmol), Fmoc-Asp (OBut) (500
mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol). The peptide resin was carried through steps 1 -
5 of protocol 1, washed with CHCly (three times) and treated with 2 mL valeric anhydride in
- 6% DIPEA/CH2Cly for 30 minutes, The resin was filtered and washed successively with 50 ml
each of CH)Cl (iwo times), isopropanol, and CH2Clp (three times). The resin was dried under
15 vacuum to yield 1.1 g of Pentyl-hexapeptide resin.

o( Asp-Lys) - Asp

The Pentyl-hexapeptide resin was treated with 100 pl. ethanedithiol, 100 pL

dimethylsulfide, 250 UL anisole, and 10 mL trifluoroacetic acid at room temperature for 180 min.

The resin was filtered off, washed with ~2 ml TFA and the filtrates precipitated in chilled ethyl

ether. The precipitates were centrifuged and the ether layer decanted. The residue was washed
20 with two or three volumes of EtyO and recentrifuged and the crude linear product was dried

under vacuum to yield 250 mg of an off-white solid. The crude peptide was subjected to
cyclization without purification.

250 mg of the crude linear peptides was dissolved in 220 ml of DMF, 500 L of N-methyl
morpholine was added to have an apparent pH of 8.0. 280 mg of BOP was added and the




1o mmol ), Frmc Achc (560 ng 1.2 rrrml) and HBTU (452 ng, 0.6 rrrml}J Prnoc- Asp
(OBut) (500 ngy, 1.2 mol) and HBTU (452 ng, 1.2 mml) % resin
was carried through steps 1- 5 of protocol 1; washed vvlth CHZCI 2 (three
‘times) and treated with 2 nL valeric anhydride in 6% DI PEA/ CH2CI 2 for 30
m nutes. Theo®asarwas filtered and washed successively wWekfipliRod¥h each of
CH2C12 (two tines), isopropanol, and CH2CI 2 (three tinmes). The resin was
dried under 15 vacuumto yield 1.1 (®0&f Pentyl - hexapeptide resin. The
Pent yl - hex tide resin was treated with 100 p.L ethanedithiol, 100 gL

di met hyl s g%“W%BOIEtOé?ﬁ RydiRLC. Txmically the cyelizatiqn s sermpleied withind 8224 howtsm

‘t enper at ullenlf aftwaled Grastidiled toldieh the SdaBiMDME Wds @7 raldlin vARaRethdthd Rsildn TFA
and the flle,ll%]rgteguoremwpu % dHlE) chilled ethy ether. The precipit

were centrifuged an f léV ]gf/er decanted. The residue was washed 20
with two or three volunes of Bt20 and recentrifuged and the crude |inear
product was discaudegyelicrmagerisliwen nusifipd by prepBivegIBL carn Ghlke GHi-tadumso(isd. The

crude @emzm)%aeﬁmmmépga m‘&m&o%mm&%a n? 1%%%@!1@%3&%3 6‘{*%

- ofthe crulc%b %tldswas diissolved i n
N- et hy! ’lén‘glﬁ RO, %éﬂe§@m€e§ﬁﬁo&pﬁ§ﬁ%ﬁh®HW®W@@v mg of BOP
was adde chnalytical PELQ&n:H&ﬁMf&é]kcﬁﬂﬁ‘écﬁA& 361aB 4N @Gﬂz@?@y‘i@c@@.@ﬁg( 280%) of

cyclizati are HPL C. i was conpl et ed
o Chi n 1 e EnbRAbL ﬁffh“vegfné’f)"%@ iaaéaﬂea“%ﬁ#ﬁet SRR DVE was
evapor at é@kﬁmNm@emlmmanbbmhémles(mméMgH) reaction mixture was purified by
HPLC. This crude cyclic material was purified by preparative HPLC on a
Vydac j618-colum (2.5 5 x 20 cm and eluted with a |inear gradient of
20-60% B (buffer A 0.1% TFA/ H20, buffer B: 0.1% TFA/CH3CN) in 90 mn.,
flow rat eEﬁl\rﬁ,ﬁ éﬂn detection 280 nm The nmain pea Z was cut by anal ytical
HPLC anal ol l ected fractions, pooled and lyophilized to yield 52 ng
( 13 No) of a white, anorphous povvder Thi s conpound was honpbgeneous by
HPLC.* L RHzeraeationss Pagta- w@&m—ﬂm@poﬁio (D) BRSArg T sdiH 1 z (1024 MkH). 10
EXAMPLE 82 Preparation of Penta cycl o(Asp-Lys)-Asp-Abc (D)

Phe- Ar g- Tr p- Lys- NH2

15 Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid
phase synthesis using Protocol 1 described abave. All couplings were performed using HBTU in
DME as the coupling agent and DIPEA (3 equiv.) as base. Six coupling cycles were performed of
one cycle each with Fmoc-Lys {Boc) (565 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol}), Fmoc-
Trp (520 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Pmoc-Arg (Pmc) (800 mg, 1.2 mmol)

20 and HBTU (452 mg, 1.2 mmwol), Fmoc-(D)Phe (480 mg, 1.2 mmol) and HBTU (452 mg, 1.2
mmol), Fmoc-Abc (530 mg 1.2 mmol) and HBTU (452 mg, 0.6 mmol), Fmoc-Asp (OBut) (500
mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol). The peptide resin was carried through steps 1 -
5 of protocol 1, washed with CH2Clp (three times) and treated with 2 mL valeric anhydride in

6% DIPEA/CH2Cl2 for 30 minutes. The resin was filtered and washed successively with 50 mi



15 Fnoc- Li nker-BHA resin (720 ng, 0.4 rrrml) from Exarrpl were subj ect ed
to solid phase synthesis using Protocol 1 described at?@\/Fe"' Yy 288Rupl i ngs
were perfornmed using HBTU in DM as the coupling agent and DI PEA (3
equiv.) as base. Six coupling cycles were perfornmed of one cycle each with

Frnoc- Lys (Be@)o2a®6d ng, 1.2 mmol ) and HBTU (452 ng, 1.2 pp®kporebidpc- Trp
(520 nmg, 1.2 mmol) and HBTU (452 ng, 1.2 mmol), Fnoc-Arg (Pnt) (800 ng, 1.2
mol ) 20 and HBTU (452 ng, 1.2 mmol);2Broc- (D) Phe (480 ng, 1.2 mol) and

HBTU (452 Fnoc- Abc (530 mmol ) and HBTU (45~ ng, 0.6
mol ), %#’(22%%‘? » IsqpgoPagolpand, (g n%lz ghiee Hpes). Themsin as dried unrded ) .

. The pept| dcui@stoyi ey@ggqglp@ﬁtgqlécg}gegﬁ@}eﬂ eps 1- 5 of protocol 1, washed with
CH2Cl 2 (three tines) and treated with 2 niL valeric anhydride in 6%

Dl PEA/ CH2C 2 r_30.m nut es. The resin was filtered and washed successively
with 50 m 28 gﬁe‘ﬁﬁ“&’ eifisle WO we: gt e witci)opRathagdigdol, 10008 each of CHZCI 2

(two ti ”E%lmethﬁ%&%g%g% anﬂ&g e&g %L%ﬂjoroaceﬁct aqdl) at F&Eﬁ? ﬁen?p?a#gur or 19(5

under vacuumto yi exapeptl
Pent y| - hex&p essivivs filtered off,washed metat@dnl\mmrmdm filtrates pracipitiitédin emmedl@@l L

di met hyl sttt dghe ?e'éﬁutﬂe&-w&@ Eéﬁlﬁﬁged%ﬂq tﬂecétl{&}a &r! Je!aa'ﬁ?«{d? 5 % %ue %vgaa%herdgom

t enperature,for si n was

TFA and t K& P‘i'gfeéémlﬂfr@&? tz%ﬁ%fhrei:whzﬁasqd|ae@ﬂ@tcmde hnearrreoducmm dried

Pr €Ci pi t aluer Y046 Jeld 729 gante resi due was
washed with two or three v S?rpégﬂg@?(&?g% ﬁy(%c?egﬁ ?Wﬁ@aecgeﬁg the crude

| i near prﬁl’fé}ﬁaﬂl Dygheptpugficatinger vacuum t o yield 255 ng of an off-white
solid. The crude peptide was subjected to cyclization w thout

i figati . . ; 220
" of OV, S0 trL of ety E o aroly e o bEIRS AR 1

of 8.0. 28WRRGlREwasedderdie a‘ffdgapzﬁwtmﬁevf 88y c280z0g PTHORwes addert anditled by HPLC.
Typi cal | yccinatioy ahs ﬂﬁhtc@&l BYESPIAD) g@%&.ﬂ@ dle\@iyélmﬁbnlv&s 2AmPRASvithin 13- dﬂ 11?9} Jat er

was added; tion vapor at ed |n vacuum an

resul ting 6%@%"&%5 ‘iff@? ostop e fﬁﬂ?ti‘o\(greﬁ Fysperatefsn yaqugmang the respltingc

mat eri al WadiopumixturedasipyrifiedhydiRitd.ve HPLC on a Wdac Cl18-colum (2.5 x 20
cm and eluted with a |linear gradient of 20-60%B (buffer A 0.1% TFAI H20,

buf fer1sB: 0. s cHiA R Ghlkerlawil B by rbWhelv@ b1 o W dle HIEL GG ) 280
190 G PR3 i timde gradient of 20-60% B (buffer A: 0.19% TEA/HLO, bufer B: 0.1%
TFA/CH3CN) in 90 min., flow rate 8 ml/min, detection 280 nm. The main peak was cut by
analytical HPLC analysis of collected fractions, pooled and lyophilized to yield 58 mg (14 %) ofa
white, amorphous powder. This compound was homogeneous by HPLC. LR-Electrospray

20 - CspHygN31204 cal: 997 observed: m/z (998 M+H).

EXAMPLE 83

Preparation of Penta-cyclo{Asp-Lys)-Asp-Apc- (D)Phe-Arg-(28,38) beta methyl-Trp-Lys-NH,

25



anal ytical HPLC analysis of collected fractions, pooled and Tyophilized to
yield 58 ng (14 %9 of a white, anorphous powder.. Thi s2&logtpoarm@00&s
honogeneous by HPLC. LR-El ectrospray 20 C52H76N120g cal : 997 observed: mz
(998 M+H). EXAMPLE 83 Preparation of

Pent a- cycl owednsass) - Asp- Apc- (D) Phe- Arg (2S, 3S) beta nmet Byd/gpdiRodsys- NH2. O
25 28 February 2005 WO 02/ 18437 PCT/ EPO1l 09630 -209 Fnoc-Li nker-BHA resin
(720 ng, 0.4 mmol) from Exanpl e 29 we20®-subjected to solid phase synthesis

usi ng. Protocol 1 described above. couplin wer e performed using HBTU
in DVF as t hémewhigker r@%g@mﬁa&mg,@mmobém@q&a@}e?&ngbm&w selidipl i ng
cycl es wemphapeniiesiadn@ProteoEl &&ibed fnd }m&da Q\re Busing EBTDn 1 2

?glfle) é?dfh?ﬁ%ﬁ4§’% ﬁ@wgﬁ%ﬁ%&i@%‘% ?) m%@ﬂfw es‘f%rg(@e%ﬂp

1.2 mol) oaﬂcjrclHBiEHv(iﬂﬁﬂnmgLyschﬂ:)(ﬂmh-)g,IEmiﬁolliﬂ)deElET[(Iﬂfm 1 1.2 dongol)y Fedo)- and

o) 12 25 Besd ) by B iR s R B T BT B35 BT rhiiings 1.2

pept | de r éBey (Gﬁﬂsng>dé’rmn3@3 antl FRIYH(452 sl 2mmob, EIhoqaﬂb)(Pb&(}llSOﬂ:g, Zsied) Wi t h
CH2C12 (t Iaﬁ@mfuq@ﬁ»nﬁgn%ﬁsﬁtﬁgo ]g(sgo &g?g%&?hﬁihﬁi‘@&%ﬁ%ﬂdgﬁ nhfoi§ %0

Dl PEAI CH2C] 2 for 30 and
successi vgwcﬁﬂf {Phg) QﬁOOgg&ﬁngc@.@éﬁB'W (452 mignb 3 mmel} olheeptidgresinws CH2C12

(three ti msid throtigh sire§§1 N5 ¥ESoEd] @ fwadhelionith/ GHHOIN(hteeings Pandl tRai8d fth 2
Pent yl - hexapept.i d The Pentyl - hexapeptide resin was treated with 100

pL et hahe Ml Ricds 4 3? in 6% BERA GGl oy %ibmmz's?@ T&Eff&m%ﬁ&ﬂeéﬁ@%hﬁ HF at
oC for 60sﬁ&ésswel§°m*ﬂ@§o RYaRRbACASLGL, ARR dutb@) n?sé}“ﬁ;g Hﬁ’?ﬂ‘(ﬂﬁiee%é;)

ethyl acetae filtered off, washed W th trates
preci pi taffb@feﬂnweh‘ﬂlﬂﬂdéﬂldélmmetmﬂdng@fﬁméﬂfhsxapapia‘kme centrifuged and
the ether layer decanted. The residue was washed with two or three vol unes

of Et20 and r-ﬁ{éqighgl ﬁgﬁg@b@@%ﬁl% \Aﬁg{t&g@l# inﬁﬂ‘g@ ﬁ%@ﬁdri ed under

vacuumto yield 18 f-an o te so ti de was
subj ect ed dtmthy;sulﬁdz,ﬂﬁo gh anistlhand 1QpoliHH « aCifer60 n2ia. ABGaigyapfrattd)@nd thede

| near ; peplidfs wiSd Mk 2lphedad dheRd 3 Wndsn&f wit s P PPA Bad@ kbl ™t V!
precipitated in chilled ethyl ether. The precipitates were centrifuged and the ether layer
decanted. The residue was washed with two or three volumes of BtyO and recentrifuged and the

G‘

-7

crude linear product was dried under vacuum to yield 180 mg of an off-white solid. The crude
peptide was subjected to cyclization without purification.

20 180 mg of the crude linear peptides was dissolved in 220 ml of DMF, 500 uL of N-methyl
morpholine was added to have an apparent pH of 8.0. 280 mg of BOP was added and the
cyclization was monitored by HPLC. Typically the cyclization was completed within 18-24 hours.
10 ml of water was added to stop the reaction, DMF was evaporated in vacuum, and the resulting
reaction mixture was purified by HPLC.

25 This crude cyclic material was purified by preparative HPLC on a Vydac C18-column (2.5
X 20 cm) and eluted with a linear gradient of 20-609 B (buffer A: 0.1% TFA/H,0, buffer B: 0.1%
TFA/CH;CN) in 90 min., flow rate 8 ml/min, detection 280 nm. The main peak was cut by
analytical HPLC analysis of collected fractions, pooled and lyophilized to yield 40 mg (10%) of a
white, amorphous powder. This compound was homogeneous by HPLC. LR-Electrospray

30 CssHzN1205 cal: 1031 observed: mfz (1032 M+H).



nor phol i ne was added to have an apparent pH of 8.0. 280 mg of BOP was added
and the cyclization was nonitored by HPLC. Typically tB&Feberyz2008on was
conpleted within 18-24 hours. 10 ml of water was added to stop the

reacti on, DMF was evaporated in vacuum and the resulting reaction m xture

was purifiesvdyebiBeC. 25 This crude cyclic material was pgikbiifRdkhy
preparative HPLC on a VWdac Cl8-colum (2.5 x 20 cm, and eluted with a
| i near gradient of 20-60% B (buffer #108. 1% TPA/ H20, buffer B: 0.1 %

TEA/ CH3 .0 9 in.. flowrate 8 m/mn, detection 280 nm The main peak
was cut %IQM%#WW%EN col l ected fractions, pooled and

| yophilized to yield 40 ng (109 of a white, anorphous powder. This
conpound was honopgeneous by HPLC. LR-El ectrospray 30 C55H74N1208 cal : 1031

observed: 032 MtH) . February 2005 WO 02/18437 PCTI EP01109630
-210- B G_E%{‘%%'Acn Vi T‘?gé?&ﬁﬁf_% Exanpl e A: Agoni st Assay 5 Method N

Description: HEK 293 cells transfected with either the MC-4 receptor or
MC-1 receptor were grown in 96 well plates. The cells were stimulated with

ei t her 408ndhddDP- CGVBH or screening conpounds. Cyclic AWP was extracted
fromthe cells and concentrations were determ ned using -a. Bi otrak-cAWP SPA

assay. Agonists we i.dentified as those conpqunds causing an increase in
1o CAWP. 8 “t %‘S’ézggiﬁ‘% E@%ﬁgeéréﬁ P’&ﬂf’-ﬁﬂ%ﬁﬁ&eg@?édewm o8 MU1E Feceptes Wios 4
recept or wiGh 04+ ] 4N ﬂ%kﬁ’ﬁﬁ ' NEM .

suppl enen é)d Wi thwl @%@3%5288%%%%&@? S Were O‘W%ﬁsﬁiﬁ% and
split 1:3<omparnds Gieid ANIP avas gxtadtatiram geellsnd totcenttativat wekedk@inined Gald S

were 15 st BiouRIANPAPAGRAL! SRS QG i ounds
seri al léﬁ\; diJ uted in 100%% me?’g‘q?duer“ﬁﬁ%@r“éﬁ b °e“§?°i‘p‘§5%‘“f‘ﬁé %?n’x’)’“é%‘ﬁp“bund
diluti Ol nedia) in D-MEM containing 10%BS and 0. 1nmM ] BMX. For

unstimul ated cells, 2.5 of DVBO was added to 5001 of nedia. For NDP-alMsH
stimulated cells, 2.5 of 20M NDP-aMSH i n 100% DVMSO was added to 5001 of

medi a’ (fi nal conc.
Cell Culture: HEK 293 cells transfected with either the MC-4 receptor or MC-1 receptor were

cultured in 75cm?flasks in D-MEM supplemented with 10% FCS and 500pg/ml G418. Cells were
trypsinized and split 1:3 into 96 well flat-bottom tissue culture treated plates. Cells were
15 stimulated at confluence (day 2-4).

cAMP Response: Compounds serially diluted in 100% DMSO were further diluted 1:200 (2.5
compound dilution + 500U media) in D-MEM containing 10%FBS and 0.1mM IBMX. For -
unstimulated cells, 2.5p1 of DMSO was added to 500 of media. For NDP-OIMSH sﬁmulated

cells, 2.5 of 20uM NDP-OIMSH in 100% DMSO was added to 500l of media (final conc.
20 100nM). Final concentration of DMSO in all wells was 0.5%.

Note: Each sample was run in duplicate on separate plates

Culture medium was removed from confluent 96 well culture plates and replaced with 2001l of

25 above dilutions into the appropriate wells . The plates were incubated for 1hr at RT. The media
was removed, and the plates were washed 1x with 200"1 well of PBS. CAMP was extracted by

the addition of 601 70% ethanol (stored in the reﬁ‘ig&étor). After a 30min extraction period,
10! ethanol extract was transferred to the cAMP assay plate or samples were stored at -20°C
until the cAMP assay was performed.

30



20 100nM . Final concentration of DVMSO in all wells was_0.5% Note: Each
sanple was run in duplicate on separate plates Culture #eOERHAN200Penoved
fromconfluent 96 well culture plates and replaced with 200gl of 25 above
dilutions into the appropriate wells . The plates were incubated for 1lhr at
RT. The nediwb sasszrenoved, and the plates were washed | Xpepebdl s 1 wel |
of PBS. CAMP was extracted by the addition of 60l 70% et hanol (stored in

~ “the refrigerator). After a 30min extrddtion period, 101x1 ethanol extract

was transf ed to j.he cAVP ass pl ate or sanples were stored at -20C
inti ||t nockihask® Didirkacita 2aBRl all icamiie i fp SrodtvapbuRE BT 211

PCT/ EPO& ;%ﬁﬁﬁuﬁ:‘ﬁ\m 650811 OpittRaat€ N 0fiBgho06] xahm) z@m G@Herl, meg?MQ llgfled
in the ki re brou om te r re. To.a we ti Pl ate,

et hanol eé?ﬁr/@g?s,e%?%gs%igl) %??Pﬁéﬂer%ggﬁffﬁ?@ﬁ wel polume after gddibansyas#08Hd 50
SPA beads Thepleteaveedealdd imdtindubited et IL5-20ht oo {eiperanie. {1261]cAWIP b2ARk 10 The
pl at es we nd, jncubated for 15-20 hr .at, roomt erature.

[1251] AV %\3%"%%3 ‘?aé%b“ . é‘eﬁAc%%%%eag%éat&B?’fef‘mnH@ﬂ°‘b§§%n°g6‘ﬂta‘%t°ﬂé°“é‘%‘h pl at e
for 2 mnutes on a Packard TopCount. Note: Each plate contained sanpl es of
controls for unstimulated cells and NDP-Q(MSH for stinulhated cells. 10 The
resul ts apeteskplatscontinedsrnplos of gontsols for pnstinmwlaedcells and NDP-OMSH for

Exanpl eCogmm?% -1(EC50 nM MC-4 (EC50 uM

30Ac- N1e- Cycl o - Asp- Hi s- (D) Phc- Arg-Ti p- Lys-0. 60. 6 NH2

31Pent a- Cycl o( D- K) - Asp- Apc- (D) Phe- Arg Ti p- Lys- NH26549. 2

32Pent g %&éﬁ@ﬁ?‘?ﬂﬂ‘%%@ﬁ%ﬁéz) Nal - Lys-3107 NH2

34Cydo(succ-K)-su -Arg-Trp-Lys-9856. 4 NH2

S

Table I:
Example Compounds MC-1 {EC50 aM) MC-4 (BC50 uM)

30 Ac-Nle-Cyclo(D-K}-Asp-His-{D)Phe-Arg-Trp-Lys- 0.6 0.6
NH2

31 Penta-Cyclo(D-K)-Asp-Apc-(D)Phe-Arg-Trp-Lys-NH2| 654 92

32 Penta-Cydo(D-K)-Asp-Apc-(D)Phe-Arg-(2)Nal-Lys- 310 7
NH2

34 Cydo(succ-K)-succinic-Asp-Apc-(D)Phe-Arg-Trp-Lys- 985 6.4
NH2

35 Cyclo{maleic-K)-maleic-Asp-Apc-(D)Phe-Arg-Trp- 29
Lys-NH2

36 Cyclo(phthalic-K)-phthalic-Asp-Apc-(D)Phe-Arg-Trp- 2150 3.1

" [Lys-NH2 '

38 Penta-Cyclo(D-K)-Asp-4-MeOApc-(D)Phe-Arg-Trp- 999,999 8.4
Lys-NTI2 :

40 Penta-Cyclo(D-K)-Asp-4-iPrOApc-(D)Phe-Arg-Trp- |  509%@50uM 6.1
Lys-NH2

41 Penta-Cyclo(D-K}-Asp-3-MeQApc-(D)Phe-Arg-Trp- 76 15




35C,ydo(ma| ei c- K) rral ei c- Asp Apc (D) Phe- Arg Trp 2.9 Lys N2
36Cycl o( pht hal i c- K) - pht hal i c- Asp- Apc- ( D) Phe- Ar g- Tr p- Zlﬁqbrﬂwzﬂpé
38Pent a- Cyclo( D K) Asp- 4- McQApc- ( D) Phe- Ar g=Tr p- 999, 9998. 4 Lys- NH2 % 40Pent

a- Cycl o(D-K) - Asp-4-i Pr OApc- (D) Phe- ArgTr p- 50%®0pM5. 1 Lys- NH2

41Pent a- Cyciy@fd2nih7 Asp- 3- MeOQApc- (D) Phe-Arg-Trp-761.5 28 bebikpdlys:g005 WO

02/ 18437 PCT/ EPO1/ 09630 -212 Lys-NH2 42

Pent a- Cyclo( D-K) - Asp4- Cl Apc- ( D) Phe- Ar g2 Fr p- Lys- 7962.2 NH2 43

2 44

Pent a- Cyc

o(D- K- Asp-4- MeApc- (D) Phe- Arg-Trp-Lys-7192. 2 NH
1.3 NH2 45

Pent a- Cydo( D- K) - (1,@.-1@@0- ( D) Phe- Arg- Tr p- Lys- 168

Pent a- Cydo(D- K) - A

\Sp- Apc- (D) Phe- A . rg- Tr p- Om 154

1.1 NH2 46

Pent a- Q/CE.O(%
K) - Asp- Aptc- (
Ac- Cyclo(|D- K) - Aspt¥pc- ( D) Phe- Ar g- Tr p- Dpr - NI 229

K) 4

R b A A T T T B

2.5 NHZ 47
796

697.4 59 Pent

rent a- Cyd
2.2 Y

p( D

a- Cycl o( K)—Asp-{56-At-c-{D)Phe- Arg-Trp-Lys-2130 (PA)4 N

43 Penta-Cyclo(D-K-Asp-4-MeApc-(D)Phe-Arg-Trp-Lys- 719 2.2

NH2 '
NN

44 Penta-Cyclo(D-K}-Glu-Apc-(D)Phe-Arg-Trp-Lys- 168 L3
NH2

45 Penta-Cyclo(D-K)-Asp-Apc-(D)Phe-Arg-Trp-Orn- 154 1.1
NH2

46 Penta-Cyclo(D-K)-Asp-Apc-(D)Phe-Arg-Trp-Dhbe- 848 2.5
NH2

47 Penta-Cyclo(D-K)-Asp-Apc-(D)Phe-Arg-Trp-Dpr- 1180 6.9
NH2

48 Ac-Cydo(D-K)-Asp-Apc-(D)Phe-Arg-Trp-Dpr-NH2 2959 74

59 Penta-Cyclo{D-K)-Asp-5ClAtc-(D)Phe-Arg-Trp-Lys- 2130 (PA) 4
NH2

60 Penta-Cydo(D-K)-As-5-MeO(D,L)Atc-(D)Phe-Arg- 4.8
Trp-Lys-NH2

62 Penta-Cyclo(D-K)-As-5-iPrO(D,L)Atc-{D)Phe-Arg- 7.3
Trp-Lys-NH2

64 Penta-Cyclo(D-K}-As-5-Et(D,L) Atc-(D)Phe-Arg-Trp- 422 8.4
Lys-NH2

65 Penta-Cydo(D-K)-As-5-iPr(D,L)Atc-(D)Phe-Arg-Trp- 6.7
Lys-NH2

72 Penta-Cyclo(D-K}-Asp-Appc-(D)Phe-Arg-Trp-Lys- 268 3.6

73 Penta-Cyclo(D-K)-Asp-2-MeAppc-(D)Phe-Arg-Trp- 213 3.2

Lys-NH2




QA D, L)Atc (D) Phe-Arg-4.8 Trp-Lys-N 12 62
D

60 Pent a- Cycl o( D ) As-5- M

Pent a- Cyclo(D-K) - As-5-i PrQ(D, L) At c- (D) Phe-Arg-7.3 Trp- La&FéﬂirbZar@QOOS
Pent-a- Cycl o( D-K) - As 5-Et (D, L) Atc- (D) Phe- Arg-Ti p-4228.4 Lys-NH2 p:. 65
Pent a- Cycl o( D-K) As-5-i Pr(DL) At -(D)Phe-Arg-Trp-6.7 Lys-NH2 72

- Pent a- CycloyigdthshsP- Appc- (D) Phe- Arg- Tr p- Lys- 2683. 6 NH2 Eé,r 01/09630
Pent a- Cydo( D- K) - ASp- 2- MeAppc- ( D) Phe- Ar g- Tr p- 2133. 2 Lys- N BBt uary 2005

WD 02118437 PCT/ EP01109630 - 213 -213-
74Pent a- O )~ Asp-2-iptdpc- (D) Phe- Arg- Trr) 10 lys-NH?
75Pent a- Gycl &4 D- K?enﬂ&@do'ﬂa-kﬁ%p@r@mh& | p-2212.6 Lys-NHg
‘76Pent a- Gyclo( D F%w p- 4- MeAppc- (D) Phe- Ar g- EFr pt 7706. 3 Lys- NH2
77Pent a- Qycl o( D- K p 4 Cl Appc ( D) Phe- Arg- Tr p} 3309. 1 Lys$- NH2
78Pent a- QyCIo(D-KJ - —PhOAppT (D Phe=Arg=—Trp=67-tys=—ti2
79Pent a- Gyc1& D- emAé’bdf-éD %@ﬁﬁ@m)@}%emﬁmﬁ h- 4. 22Lys- NH2 26
Lys-NH2
76 Penta-Cyclo(D-K}-Asp-4-MeAppc-(D)Phe-Arg-Trp- 70 6.3
Lys-NH2 P
77 Penta-Cyclo(D-K)-Asp-4-ClAppc-(D)Phe-Arg-Trp- | 330 9.1
Lys-NH2
78 Penta-Cyclo(D-K)-Asp-4-PhOAppc-(D)Phe-Arg-Trp- 6.7
Lys-NH2
79 |Penta-Cyclo(D-K)-Asp-3-MeOAppe-(D)Phe-Arg-Trp- | 47
Lys-NH2
81  |Penta-Cyclo(D-K)-Asp-Achc-(D)Phe-Arg-Trp-Lys- 160 6.3
NH2
82 Penta-Cyclo(D-K)-Asp-Abc-{D)Phe-Arg-Trp-Lys-NH2 941 42
83 [Penta-Cyclo(D-K)-Asp-Ape-(D)Phe-Arg-Trp-Lys-NH2 510 14
5
Example B: Injection solutions may have the following composition:
Compoﬁnd of formula I ' 3.0 mg
Gelatine ‘ 150.0 mg
Phenol 4.7 mg

- Water for injection solutions ad 1.0 ml




"“81Pent a- Gycl o( D- K) - Asp- Achc- ( D) Phe- Ar g- Tr p- Lys- 1606. 3 NH2

82Pent a- Cycl o( D- K) Asp- Abc- ( D) Phe- Ar g- Tr p- Lys- NH29414. 2 28 February 2005
83Pent a- Cycl o( D- K) - Asp- Ape- ( D) Phe- Arg- Tr p- Lys- NH25101. 4 5 Exanpl e B:

I njection solutions may have the foll ow ng conmposition:

Compound of formula

3.0 ng Gel atinel50.0 ng Phenol 4. ;00 Water' for injection solutionsad 1.0
m 28 February 2005 CLAIMS 1. A conpound of the fornula: 214 CN alm W% (
Ra Rl ",,,LRs 6 NHz | wherein R and R12 together with X and Y form a

phenyl ring and Xis Cand Y. is C, or Rl is hydrogen,

R -(NH) j-NH, or

Rl4 a R2 _4 NHCH | fC NH =% R12 is hydrogen, with either X and Y being
each C and the bond between X and Y being a double bond, or with X and Y
bei ng each CH and the bond between X and Y being a single bond; R2 is

alltyl having fromlto 5 carbon atons, ai.kenyl having
atons, or :
1. A compound of the formula:
z————-_.__h\
R (CHa), {CHghy

\\I'/ Q\J{:}L Re rlzm |
' x N N H,
AT Y
a Lo,
R%NH-‘,

I
wherein

from2 to 5 carbon

R and R* together with X and Y form a phenyl ring and X is G and Y is C, or

R!is hydrogen,

R3—-—(NH),,—ﬁ—'NH-—-, or R ﬁ
0 R*~—C-NH-CH—CNH— ;

and

R*™ is hydrogen, with either X and ¥ being each C and the bond between X and Y being a
double bond, or with X and Y being each CH and the bond between X and Y beinga

single bond;

R? is alkyl having from I to 5 carbon atoms, alkenyl having from 2 to 5 carbon atoms, or

alkynyl having from 2 to 5 carbon atoms ;
R" is alkyl having from 1 to 5 carbon atoms;
n isOorl;and

Q is |
N H/ N/
JCERAPAN

- R 1
Rt




al kynyl--having-from2 to 5 carbon . atons ; Rl4.is alkyl having froml to 5

carbon atonms; nis O or I; and Qis or or i | R4 28 Fepruary 2005 215
wherein RR, R4 and R$ are independently hydrogen, hal o%ﬁ%ﬁla%%@%g from1

to 4 carbon atons, hydroxy or al koxy having:from1l to 4 carbon atons,
wherein when R4 is not hydrogen, R3Pand R5 are both hydrogen; and e is
hydr ogen, al kyl having fromlto 3 carbon atons, alkoxy having from1l to ,3
carbon atons, phenoxy, or halo; Rll and R13 are each i ndependently

hydrogen, al kyl ha).ng 2 € choal kyl, . havi.ng.5 or 6 carbon
atoms, or R31 and R13 ar ’eﬁ[)ag?ﬁ %ﬁ%@gﬁaﬁ%@?’%"%ﬁg Th%?]\éﬁggw%’a} Bfen or
methyl: Rais y, ﬁg;l;roq_ggxﬂg hygrraty qralkhychavigs fromrl tod tdrbon atoms, whelnlwheARF 8 O,
1, 2, or 3; and Onbihydrdgén, R’ and R” are both hydrogen; and

R®is hydrogen, alkyl having from 1 to 3 carbon atoms, alkoxy having from 1 to 3

carbon atoms, phenexy, or halo;

R* and R are each independently hydrogen, alkyl having 3 or 4 carbons, cycloalkyl

having 5 or 6 carbon atoms, or R and R¥ are both phenyl;

R’ isOorNH; o
R® is hydrogen or methyl;
R? s

’ H-R1? Hz I

T f GHe

G N
= -

R™ is hydrogen or methyl;

P isOorls
m is0,1,2,or3and
i
7 i = C—NH— O ——8=—=5— and

R" is hydrogen or alkyl having from 1 to 6 carbon atoms;
and pharmaceutically acceptable salfs thereof. |

2. Acompound of the formula:




=U-NH or -S S-; and Rl1“-i-s-hydrogen or alkyl having froml to .6.carbon ...
atons; and pharmaceutically acceptable salts thereof. of the
formula; 28 February 2005 216 Rix (CFlz)p - (CHz \/ 1%%"%%@%
wherein R and R' together with X Q{‘éj Y forma phenyl ring and Xis C and Y
is C or R is hydrogen, R2--(NH) --"-NH, or R74 0O R2’. NHCH-- M

and R12 is hydrogen, with either X and Y be| ng each C and the bond betvveen
X and Y being a double bond, or with X and Y being each CH and t he bond

f
between X and Y being a si ngl e bond; al kyl having fromlto 5 carbon !
atons, al kenyl having from 2 to_&-Carbon a—cWLr\al‘k nyl having from 2

to 5 carbon atons; R4 is aiakgz:l-lz)paw ng 1to5 car@fdnatons; 4 isOorl;
R9, R4 and R5 are |ndepend t/y hydrog aI o, al kyl having fromzZ to 4
carbon atons, hydroxy, or koxy havi ronblt@.4 Gt bon atons; wherein !
when R4 is not hydrogen, ar}_qi Ry aré b¢¢ yd ogep R7 i sCorNH, RB is '
hydrogen or nethyl; . H
NH S
NH2

IA
wherein
R and R™ together with X and Y form a phenyl ringand Xis Cand Y is C, or
R!is hydrogen,

R2——(NH), ﬁ ﬁ T“ | ﬁ

R&C-NH-CH-—C-NH— ;  and

R g bydrogen, with either X and ¥ being each C and the bond between X and Y being a
double bond, or with X and Y being each CH and the bond between X and Y being a
single bond; :

2 is alkyl having from 1 to 5 carbon atoms, alkenyl having from 2 to 5 carbon atoms, or
alkynyl having from 2 to 5 carbon atoms;
¥ is alkyl having from 1 to 5 carbon atoms;

n isQorl;

R, R*and B® are independently hydrogen, halo, alkyl having from 1 to 4 carbon atoms,
hydroxy, or alkoxy having from 1 to 4 carbon atoms; wherein when R* is not hydrogen,
R®and R® are both hydrogen; '

R” isQorNH;

R* is hydrogen or methy];

R s '

l |
ZH.RW 1 rHa (l3\H~z



"R9 is 28 February 2005°Rlis hydrogen or nethyl; p isCorl; -mis 0, 1, 2
or 3; and Zis O Il -CG-NH 217 of S-B---- ; and RE |ngﬂ,;wggogy al kyl
having froml|l to 6 carbon atons; and pharnaceutically acce l e salts
thereof 3. The conpound of claim 2, whelrel n X and Y are each CH and the
bond between X and Y is a single bonc? Zis O0OIll ----0-NH-- R is a R
Is O RP- GNH, R2is alkyl having from1l to 5 carbon atons; and Rl and

R 2 are both hydrogen. 4. The compound of claim 3,
Pent a. - cycl o(Astltygé,aégBT @png%ﬁ)%) Phe-Cit-Trp-L7s-NH2. 5. . The conpound of

claim 2, V\/nerean H R i sNH
isGorl;
m is0,1,2, or3; and
Z s
]
—C,“‘*NH_ o —8§—g—; and

R is hydrogen or alkyl having from | to 6 carbon atoms; S

and pharmaceutically acceptable salts thereof,

3. Thecompaund of claim 2, wherein X and Y are each CH and the bond between X and Y is

a single bond; Z is
0
I
~-C—NH—
RisO;
R'is
M
R&—C—NH—

R¥is alkyl having from 1 to 5 carbon atoms; and
R"and R™ are both hydrogen.

4, The compound of claim 3, Penta-cydo (Asp~Lys)-Asp-Apc—(D)Phe-Cit—Trp~Lys-NI-Iz.

5. The compound of claim 2, wherein Z is
o

e G—NH—>
R’is NH;
Rlis hydrogen,
, : R2——(NH), —-ﬁ“—NH— or iD R
R CoNH-CH— NH— ;

RZ s alkyl having from 1 to 5 ¢arbon atoms; and




"R is hydrogen, R2-=(NH)- -NH ;- or Ri4j O R2 --CNH CHT---&NH R2 is—-
al kyl having from1l to 5 carbon at , and 218 28 Febr ugrpepdpofisd and R 2
are both hydrogen; and n and R 4 ate as defined in claim2. 6.” The conpound
of claimb5, wherein X and Y are each CH and the bond between X and Y is a
single bond; nis 0; and R? is 7. The conpound of claim 6,

Pent a- cycl o( Asp- Lys) - Asp- Apc- (D) pheArg- (2) Nal - Lys- NH2 or

pent a- cycl o( Asp- Lys) - Asp- Apc- (D) Phe- Arg- N-net hyl (2) Nal -1 ys-NH2. S. The
conmpound of cl aRH’\aﬁdRWeﬁrbeﬂzrhyZmig@;a&angnd-wﬂr&sidgﬁ_‘{\gg'- id s R2-(NH) 1~ - NH-;
0 R2 is alkyl having froml| to 5 carbon atons; an nd R 2 are both
hydrogen; RO is | HAlr C 1 and R7 is as defined in claim2. 9. The
conpound of GC| a'H1 5 Wwherein X and Y are each CH and the bond between x and
Y is a singlPe boRirompapndfslaism 5.pcherin %ientd Ree pach BYicmd gerbond Abtwesark aldkik
having from | tosidplerindpnis 0;2ai@P®m and t he remai nder are hydrogen. i | 219 °
© 28 February 2005 10. The conpound of claim?9,

Pent a- cycl o( Asp- Lys) - Asp- Apr - ( D) Phe;j\r g- Tr p- Lys- NH2,

H

o

7. The compound of claim 6, Penta-cyclo(Asp-Lys)-Asp-Ape-(D)Phe-Arg- (2)Nal-Lys-NH; or
penta-cyclo(Asp-Lys)-Asp-Apc- (D)Phe-Arg-N-methyl(2)Nal-Lys-NH,.

8.  The compound of claim 5, wherein Z js
i .
R"isNH; R'is
Rz'—"(NH),,'—ﬁ—-NH———- ;
0
R? is alkyl having from 1 to 5 carbon atoms; and R'® and R" are both hydrogen; R? is
CH-R17
C
I

and RY is as defined in claim 2.

9. The compound of claim 5, wherein X and Y are each CH and the bond between X and ¥ is
a single bond; and one of R’,R* and R’ is hydrogen, halo or alkyl having from 1 to 4 carbon

.atoms and the remainder are hydrogen.




“pent a-cycl o( Asp-Lys) - Asp-4- MeApc- (D) Phe- Arg-Trp-Lys-NH2, penta-cyclo -
(G u-Lys) -Qu-Apc- (D)Phe-Arg-Trp-Lys-NHa, 28 February 2005

pent a- cycl o( Asp- Or n) - Asp- Apc- (1) ) Phe- 228, Tt p- Or n- NH2,

pent a. - cycl o( Asp- Dbr) - Asp- Apc- ( D) Phe- Ar g- Tr p- Dbr - NH2i

pent a- cycl o( Asp- Dpr) - Asp- Apc- ( D) Phe- Ar g- Tr p- Apr - NH2, or

Ac-cycl o( Asp- Apr) - Asp- Apc- (D) Phe-Argo Trp-Dpr-NH : 11. The conpound of
claim8, wherein X and Y are each CH and the bond between x and y is a

si ngl e bond;1panghRzni : Sy | kox vi,ng..f r.o to 4
carbon atons, aﬁlél&torllﬂep%?g&]rr‘gﬁc%%g% 55% c?%éj rog}gi'ﬁ%égac'@ﬂg&tﬁ’g%ﬁp'l’?@%orrpound
of claim1l, Pent a- cyREPBIHINASE bys)-AssfrMeApsciR)Bhet Dy fTp-Loe NHET p- Lys- NH2i
pent a-cyc: 0((As ASp-L }gyf)Penﬁ&pdé(gld-L}%Gﬁ:bé hdi’hph : -'if@tl}-y!a-ngHZ,

pent a- cycl e( Asp- - - r OADG- - -Irp-Lys- :

pent a- cycl o( Asp- Lys) ﬁ%cga%ﬁgngtﬁﬁéﬁﬁﬁ$%ﬁﬁ"%ér 2

LF))ent a- cyc_,: OE gp- IL y)s)meﬁVdQ(@smﬁbﬁ*@D)ﬁPhéD)ﬁhg*Afs-ﬂ‘beﬁNﬂa,, 1gr - .
ent a-cycl o - Lys) phsi-chdsbhiiog - MR . . “The conpoun
of clai ?/n 8, whgr eiyn achcg? R E%%Wﬁﬁ%%zﬁﬁ%ﬁg | S Ry dr ogen; Rr7mi S
NH. RO is Npis 0 andFIAADRY-Asarpa4l)Bhs-Asg:TrpDpr-NERO 28 February 2005
14. The conpound of claim 13, Cyclo(succin.ic acid-Lys)-succinic

aci d- Apc- (D) Phe- Arg- Trp-Lys-NH2, Cyclo(mnal eic acid-Lys)-malefic

aci d- Apc- ( D) PhEreAo@pdund-of YEmN2h | i ni i d- Por ) succini ¢,

aci d- Apc- (D) Phe- Ar g- Tr p- Dpr.; NF2, G%M@gﬁ%%ﬁgiggﬁﬁ%%%w@gY“

aci d- Apc- (D) Phea-s}ﬂg%-bﬂlg-%;{-ksl, J2. 15. The conpound of claim2, wherein R
and Rig together with X and'Y fakzm—aNmpeaﬂ-l—Nhnga;

one of R*R* and R’ is alkoxy having from 1 to 4 carbon atoms, and the remainder are

hydrogen; and n is 0

12. The compound of claim 11,
Penta-cyclo(Asp-Lys)-Asp-4-MeOApc-(D)Phe-Arg-Trp-Lys-NH;,
penta-cyclo(Asp-Lys)-Asp-4-EtOApc-(D)Phe-Arg-Trp-Lys-NH,,
penta-cyclo{Asp-Lys)-Asp-4-iPrOApc- (D)Phe—Arg—Trp-Lys—NHz,
penta-cyclo(Asp-Lys)-Asp-3-MeOApc-(ID)Phe-Arg-Trp-Lys-NH,
penta-cyclo(Asp-Lys})-Asp-4-OHApc-(D)Phe-Arg-Trp-Lys-NHy, or
penta-cyclo(Asp-Lys)-Asp-4-ClApe-(D)Phe-Arg-Trp-Lys-NH,,

13. The compound of claim 8, wherein each of R', R% R, R%, R® and R'® is hydrogen;
R is NH;
R’is

|
TH—RW 7
X0

pis0;and R is as defined in claim 2.



'16. The conpound of ctaim 15, Cyeclo(phthalic acid-Lys)-phthalic

aci d- Apc- (D) Pbe-. Arg-Trp- Lys-N¥% or cydo(pht haRc acid C

aci d- Apc- ( D) Phe- Arg- Tr p- Dpr- NH2, or 2@‘%;&&?355@65

Ac- Nl e-cycl o( Cys- Cys) - Cys- Apc- (D) Fhe- %\rg Trp- Cys-N742 17. A conpound of the
formula: wherein R is hydrogen, R2-(NH)S -NH, or RACNHCH -NH R2 is

al kyl having from1 to 5 carbon atons, al kenyl havi ng from2 to 5 carbon
atons, or alkynyl having from2 to 5 carbon atonms; R14 is al kyl having

fromlito 5 r br uar, s, hydr ogen,
al kyl havi nS@f lrjﬂ’lrah‘:l tﬁ&g‘dc?grabo@?o %ﬁl’&“é’ﬁé\?‘iﬁd‘ﬁ%‘s&?ﬁ“’r‘%l %F‘dg‘gﬁ%&g%%my )
phenoxy, or hal P-LggrNHe, 0 or NH, Re i s hydrogen or nethyl; 19 IS |
HR17 Ha r Rl is h@gicogelsicadid-TR)-Maleic ach-Ape-©)BHe-Arg-1hr5s IQHZ,]-’ 2, or 3, and
z 1S Cyclo(succinic acid-Dpr)-succinic acid-Apc-(D)Phe-Arg-Trp-Dpr-NHz, or

Cyclo(maleic acid-Dpr)-maleic acid-Apc-(D)Phe-Arg-Trp-Dpr-NH,,

15. The compound of claim 2, wherein R’ and R* together with X and Y form a phenyl ring,

16. The compound of claim 15, Cyclo(phthalic acid-Lys)-phthalic acid-Ape-(D)Phe-Arg-Trp-
Lys-NHa, or cyclo(phthalic acid-Dpr)-phthalic acid-Ape-(D)Phe-Arg-Trp-Dpr-NH, or
Ac-Nle-cyclo(Cys-Cys)-Cys-Apc-(D)Phe-Arg-Trp-Cys-NHa.

17. A compound of the formula:

a Rf/
[}
wherein
R} is hydrogen,
RZ—(NH),,—-E—-NH—. or IIW E
R&—C-NH-CH~——C-NH—;

o

?  is alkyl having from 1 to 5 carbon atoms, atkenyl having from 2 to 5 carbon atoms, or
a]]cynyi having from 2 to 5 carbon atoms;
* is alkyl having from 1to 5 carbon atoms;
n isforl; :




‘0l - -GN+ or -B-S "and R' i-s hydrogen or al kyl having froml to 6 - -

carbon atons and pharmaceutically acceptable salts th '%!2 e
conmpound of claim 17a Wherein Z is 20111 -C NH - %rg i Oléé; 0 11
R2-C--NH Reis alkyl having from1 to 5 carbon atoms RO and R10 are each
hydrogen; and RO is 28 February 2005 222 CHRIT | N and R' is hydrogen or
al kyl having from1 to 6 carbon atons. N 19. The conpound of claim1l7 a
wherein R6 is hydrogen or aliryl, havi ng froml to 3 carbon atons. 20. The

compound of ¢l oM, GER ke ghART S YASR, ARRS R RL 2 g s> 2
phenoxy, or halo;
R’ i50 or NH;
R® is hydrogen or methyl;
R’ is

T‘H-RW ‘|3H2 (f: Hz B
(0-C0 -0

¥ is hydrogen or methyl;
p is0orl;
m is0,1,2,0r3;and
Z is
[

—C—NH=— o —5—§—
5—8 ‘and

R" is hydrogen or alkyl having from 1 to 6 carbon afoms and pharmaceutically ‘
acceptable salts thereof.

18. The compound of .claim 17/, wherein Z is
0

—C—NH—,
R is NH;
R'is

RE—C—NH— ,
R is alkyl having from 1 to 5 carbon atoms;
R? and R" are each hydrogen; and
R’is ‘



Penta-cycl o( Asp~Lys) - Asp- 3- McAppc;{.D) Phe Arg-Trp-Lys-NHa, or

Pent a- cycl o( Asp. - Lys) - Asp- 2- McAppc- ( D)y Phe- Arg-Trp-r ys-NH2, - -~
Pent a-cycl o( Asp-Lys) -Asp-2-i PrAppc- (D)Phe-Arg-Trp-Lyghddruary 2005

a; I¥>eat a-cyclo
(Asp-Lys) - Asp-4- McAppc- (D) Phe- Arg- Trp-Lys-NH2. 21. The conpound of claim
17 a wherein Rs is halo. 22. The conpound of - claim?21 ,

Pent a- cycl o( Asp- Lys) - Asp- 4- CLAppc- ( D) Phe- Ar g- Tr p- Lys- NH2, 23. The conpound

of claim 17, wherein R6 is al koxy having froml to 3 carbon atons or

phenoxy. 24. The conmpound qf claim23 a

Yent a- cycl o( Asp- Lys) - Asp- 4-|PhoAppc- (D) Phe- Arg-Trp- ' ys-NHz, or Penta-cyclo
(Asp-Lys) - Asp- 3- MO Appc- ( e- Arg- Trp-Lys- NH2. 25. A conpound of the
formul a: 28 February 2005 423 wherein R is hydrogen, R2-(NH) -NH----; or

R7T NH2 rC ~~ ~tR R GCGNHCgcM®:, . R2is alkyl having froml to 5 carbon
atons, al kenyl having fron{2 @ carbon atons, or al kynyl having from 2
to 5 carbon atons; R 4 is Ky %ﬁ%ng froml to 5 carbon atons; o0is O

e

oar |; RI' and RL3 are each independently hydrogen, alkyl having 3 or 4
carbon atons, orR’ Byydaeseyr abpilliaige Sowrl tg Scanbp#ionsons or R31 and Ri 3 are

both phenyl; R7 is O or NH, R8 is hydrogen or nethyl;

LY

19, Thecompoundof claim 17 ., wherein R® is hydrogen or alicyl having from 1 to 3 carbon |

atoms.

20, The compound of claim 19, Penta-cyclo{Asp-Lys)-Asp-Appc-(D)Phe-Arg-Trp-Lys-NHj,
Penta-cyclo(Asp-Lys)-Asp-2-MeAppe-(D)Phe-Arg-Trp-Lys-NHa,
Penta-cyclo(Asp-Lys)-Asp-2-iPrAppe-(D)Phe-Arg-Trp-Lys-NHj,
Penta-cyclo(Asp-Lys)-Asp-3-MeAppe-(D)Phe-Arg-Tip-Lys-NH;, or
Penta-cyclo(Asp-Lys)-Asp-4-MeAppc-(D)Phe-Arg-Trp-Lys-NHa. .

21, The compound of claim 17 ' wherein Rf is halo.

22.  The compound of' claim 21 , Penta-cydlo(Asp-Lys)-Asp-4-ClAppe-(D)Phe-Arg-Trp-Lys-
NHa.

23.  The compound of claim 17, wherein R® is alkoxy having from 1 to 3 carbon atoms or

phenoxy.

24 The compound of claim 23 , Penta-cyclo(Asp-Lys)-Asp-4-PhOAppc-(D)Phe-Arg-Trp-

"Lys-NHa, or Penta-cyclo (Asp-LYs)-Asp3—MeO-Appc-(D)Phe-Arg-Trp—Lys- NHa.

25. A compound of the formula:




‘RO is1 Rl is hydrogen or nethyl;- "P. | isOor‘I inis D 1, 2, 3; and-2-
is OIl -QNH or -SS,- and 224 R is hydrogen or al Iggl;:egﬂ)g{pgodgoml to
6 carbon atoms; and pharnaceuti cal Iz\éa acceptabl e salts thereo

conpound of claim 25, wherein Zis - G---NN- RTis NH- R is 0
R2- ~C -NH is alkyl having froml to 5 carbon atons; Re and R are each

hydrogen; and R9 is fH .RTT and R17 is hydrogen or alkyl having from1l to 6
carbon atoms. j 27. The conpound of claim26, wherein one of R'" and Rs is

aUcyl having 3 or 4 carbon ato clo aving 5 or 6 carbon atons
and the other is hydrogenm d of clai 7,
pent a- cycl o( Asp- Lys) - Asp- A¢hc- (D) Phe- Ayg=JT p- Lys- NH2, ?
| Gl @ | /wm

G =10 I 1

| ;
/0"1, mrﬁ\)L :L((NH | j

) o) .
NH N b
Rl R )\
RT  NH, \
Ic |
wherein
R' ishydrogen,
Rﬂ—(NH).,—E—NHm; or R |
Rﬂ—c-NH-CH—-—ﬂ-NH_ ; |
7 . .
R" is alkyl having from 1 to § carbon atoms, alkenyl having from 2 to 5 carbon atoms, or

alkynyl having from 2 to 5 carbon atoms;
" is alkyl having from 1 to 5 carbon atoms;
n isQorl; |
R and R* are each independently hydrogen, alkyl having 3 ar 4 carbon atoms, or
cycloalkyl having 5 or 6 carbon atoms or R" and R are bath phenyl;
R" is O or NH;
R} is hydrogen or methyl;
R s '

H-RY7 Ha
I CHz
SOF UiD 0

1% is hydrogen or methyl;
P. isborl;
m i30,1,2, 0r3;and
Z s

‘.’
0
H |
1

~C—NH~— o —~—§—5— and



-~ pent a-cycl o( Asp-Lys)- Asp- Abc- (D) Phe- Ar g-Tr p Lys- NH2..-29.

claim 26, wherein R* and R 5 is phenyl and the other i%@égﬁggfﬁbdy

phenyl, 30. The conpound of claim 29,
pent a- cycl o( Asp- Lys) - Asp- 4KAdpc- (D) P

2005 31. A conpound of the fornmula: NIl wherein R is hydrogen,
-NH; or f 14 R-GCNHCFi-CGMi- ; R2is alkyl having fromlto
5 carbon atons, al kenyl having from2 to 5 carbon atons, or al k®ynyl

haV|ngfrom2t ” rbona R14 is aV|n fromltoScarbo
oy n 1 soor Ry Rgroge pealsFRivingdn oA stbon HEHBHAREUISUT L U o ng
fromito 3 carbonaademblgesadxsﬂﬁiekbxy having from1l to 3 carbon atonms, a
the remai nder are hydrogen; R7 is O or NH, Re is hydrogen or net hyI;

N R10 is hydrogen or nethyl; p isOorl; mis O, 1, 2, or 3; and z is

R2-(NH)r_-

(cH2) m

26. The compound of claim 25, wherein Z is
I
—C—NH~—
R is NH;
R 1s
R2— C—NH—
R%is alky! having from 1 to 5 carbon atoms;

R and R'® aze each hydrogen; and
R’ is
JrH.R«v

a0 -

RY is hydrogen or alkyl having from 1 to 6 carbon atoms. |

' The conpound -of.

8% Ar g- Tr p- Lys- NH2. 225 28 February

n
nd
RO is
()

27. The compound of claim 26, wherein one of R' and RY is alkyl having 3 or 4 carbon atoms.

or cycloalkyl having 5 or 6 carbon atoms and the other is hydrogen.

28.  The compound of claim 27, penta-cyclo(Asp-Lys)-Asp-Ache-(D)Phe-Arg-Trp-Lys-NHa, or
penta-cyclo(Asp-Lys)-Asp-Abc-(D) Phe-Arg-Trp-Lys-NH,.

29, *The compound of claim 26, wherein R™ and R'® is phenyl and the other is hydrogen or
phenyl,

30, The compound of claim 29, penta-cyclo(Asp-Lys)-Asp-4-Adpc-(D)Phe-Arg-Trp-Lys-NHo,.



ZzpORRL UIlL 11 11 CH2.i.226 0 Il 28 February 2005 -CNH. or -a-S-;

and R' is hydrogen or alkyl having from1l to 6 carbon and
pharmaceutically i acceptable salt thereof 32. The ?gmﬁlﬁ"&y %90 claim 31,

wherein Zis O --- Il---NHR is . ~-NH . R2 is alkyl having from1
to 5 carbon atons; R3, R R5, Rs and RIO are each hy4drogeu; Rs is

hydr ogen, hal o, al kyl having from1 to 3 carbon atons, or all ox r having
from1l to 3 carbon atons; and RO is | CHRL7 | and R17 is as defined in

cl aim 31. 3%1 The corrp tﬂ ?f claim 32, wherein R7 is NH.

compoun rmula:
/——\z /-'\
(7"231’ Q (CHa)m
' y 0O Re Tm /
H B H
¢ 28 2 4
R1 N
h ke
1'\,
Ra 4 #\NHZ
R |
wherein
R' is hydrogen,
Re=w=(NH)===C=—NH— or R4 ﬁ
E REA—C-NH-CH—C-NH— ;

R® is alkyl having from 1 to 5 carbon atoms, alkenyl having from 2 to 5 carbon atoms, or

alkynyl having from 2 to 5 carbon atoms; |
* is alkyl having from 1 1o 5 carbon atoms;

n is0ori;

one of R’, R, R® and R® is hydrogen, halo, alkyl having from 1 to 3 carbon atoms, or alkoxy
having from 1 to 3 carbon atoms, and the remainder are hydrogen;

R’ isQor NH;

R? is hydrogen or methy;

R® is

H-RW H2

et

R' is hydrogen or methyl;
p isOory;

m 50,1, 2,0r3;and

Z is



|

34. The conpound of claim 32, .wherein RRis hydrogen or al kyl having from1

to 3 carbon atons. 35. The conpoun f claim34 , penta-L£yc o = |
ys) - A sp- (D, L) - At c- (D) Phe-Arg-Trp-Id%/és%- NHz, 227 28 F?%rfféf‘i?r%@‘% '

penta-cycl o (Asp-Lys)-Asp-S- Met (D, L)Atc-(D )Phe-Arg-Trp-Lys-NH2,

peat a- cycl o( Asp-Lys)-Asp-5r1,t-(D, L)Ato-(f])Phe-Arg-Trp-Lys-NH2, or

pent a-cycl o( Asp-Lys) Asp-5-iPr-(D,L)Atc-(D)Phe-Arg-Trp-Lys-NH2. 36. The
conpound of clains 31 to 33, wherein R6 is halo. 37. The conpound of claim
36, penta-cycl o( Asp-d_ys) - Asp-5-Br At c- (D) Phe-. Arg- Trp- Lys-NH2, or

pent a- cycl o( Asp- Lys)mmAsp- 5- ClAt c- (D) Phe- Arg- Trp- Lys- NH2, 3%$. The conpound

of cl ﬁi ms 31 t0d33-]'c-0—|§flﬂn°? igﬂg&qgth%gé ng from1l to 3 carbon atons.

39. The conpound of ¢ m 38, ' _

pent a- cycl o( AspREYis hydisgenDr gOhgrirgl fod teo(djaPoa-atig ald PrarrhatSutlid) |
penta-cyclo (Asp -Ly %\‘gléé??ﬂ%' tO (D, L)Atc- (D)Phe-Arg-Trp-Lys-NH2, or p
enta-cyclo (Asp -Lys? p-5-1Pr&¥ (D, L)Atc-(D) Phe-Arg-Trp-Lys-NH2. 40. The
conmpound of clains 31 or 32, wherein R7 is 0 and R6 is halo. 41. The
conpound of claim 40,

pent a- cy' cl 8. ASThelcymporaf Bail A wheeddh Plsle- G t - Trp- Lys-NH2,  or

pent a- cycl o( Asp- Lys) - Asp-5- ClAt c- (D) Phe-Cit - Tr p- Lys- NH2. *42. The conpound
of claim3l, wherein Zis -S8- R is Rf(NH)n or +| 14 ~-NH, RI-N-CQH

|
|

-1-NH-; A3, R4, R5, Rs and RO are hyqroggn: R6 is hydrogen or halo; R7 |

is NH RO is
Rlis
0

Re—C—NH— .

Rtis alkyl having from 1 to 5 carbon atoms;
R%, RY R% R® and R* are each hydrogen;
R® is hydrogen, halo, alkyl having from 1 to 3 carbon atoms, or alkoxy having from 1 to 3
carbon atoms; and
R’is

%3H—R17
G

I

33, The compound of claim 32, wherein R is NH.

and RY is as defined in claim 31.

34. The compound of claim 32, wherein R® is hydrogen or alky] having from 1 to 3 carbon
atoms,

35. The compound of claim 34, penta-cyclo{Asp-Lys)-Asp-(D,L)-Atc-(D)Phe-Arg-Trp-Lys-
NHza



228 wherein RL7-is as defined in-clai m31l. 28 Febr uary 2005.43.. The

conmpound of claim42, Ac-N e-cydo(Cys-Cys)-Cys-(D,L)At o3 PW(% Tr p- Cys- |
S- :

21 penta-cyclo(C )S-C)s)-Cys-5-Br (D, 222“:-([)) Phe- Ar g- Trp-
pent a- cycl o( Asp- Lys) - AsP- Apc- ( A) Phe- -Trp-Lys-NH2, or

pent a- cycl o( Asp- Lys) - Asp- Apc- (D) Phe- Arg- (2S, 3S) beta net hyl - Tr p- Lys- NH2.

44. A process for the preparation of a] conmpound of the fornula: | wherein
Rl to Rl2, m p, Q XY and Z are as defined in clains | to 45 By a) in case

e BVE, | adt usc bR Vsl TR EIE e A KBl on of "o tert ary.
ani ne base and Rentawrlatispilytl-AaprSein(Dd.) Mor(B) Mrerr Typ-Lpal§Hpbr or b) in case
where z is -S- Spentad‘gyaagisgng_@?@qu,(D,@lg}ég_tmgﬁ%a{?@ﬁyIg, NgQNt ai ning two

appropriately positioned cysteln resi s I'n eous , adj usting to pH
8.0 by addition of ammoni um hydroxi de and bubbling oxygen in the solution.
28 February 2005 228 a 45. A pharmaceutical conposition conprising
conpounds  ad®orBiergmpouraof clains 3bfto 33, whersinR’ isdéloand a t her apeutical inert
carrier. 229 28 February 2005 46. Use of conpounds according to any
oi'claims | to 43 for the preparation ofinedicanents for the treatnent

and/ or prophyl wds of di seases i ch are, associated with nel anocortin-4-
recept or ac%al(v%,m%?‘?u“?‘r?gaﬁ'?ea\g&?mﬁrCXF!PIQA&B"%WS\E‘FBTS' rf\?fég] PhecAredrpLyolbki t y .
48. Conpounds &g pertaticyrdp(Asp-Bym)rAgpk5-ClAnd-(I)Phe-Bog-2ip-fyeNHiSe as t herapeutic
active '

38. The compound of claims 31 to 33, wherein R® is alkoxy having from 1 to 3 carbon atoms.

39, The compound of claim 38, penta-cyclo(Asp-Lys)-Asp-5-MeQ-(D,L)Atc-(D)Phe-Arg-Trp-
Lys-NHa,
penta-cyclo(Asp-Lys)-Asp-5-EtO-(D,L) Atc-(D)Phe-Arg-Trp-Lys-NHy, or
penta-cyclo(Asp-Lys)-Asp-5-iPr0-(D,L)Ate-(D)Phe-Arg-Trp-Lys-NH,.

40. The compound of claims 31 or 32, wherein R’ is O and R® is halo.

41,  The compound of claim 40, penta-cyclo(Asp-Lys)-Asp-5-BrAtc-(D)Phe-Cit-Trp-Lys-NHp,
or penta-cyclo(Asp-Lys)-Asp-5-ClAte-(D)Phe-Cit-Trp-Lys-NH..

42. The compound of claim 31, wherein 7, is ~8-8- ;

Rlis
Rz—(NH)r—ﬁ—NH"“, or E T“ E
0 RA—C-NH-CH—C-NH—;

R, RY, R®, R? and R" are hydragen;
R® s hydrogen or halo; '
R’ is NH;

R’is

|
|

|



subst ances, -
~and/ or

particularly as therapeutic active substances for the treatnent
prophyl axi s of di seases which are associ at ed W2t8t]:ebruary2005

mel anocortin-4-receptor. | 228

44.

wherein R" is as defined in claim 31.
LY
The compound of claim 42, Ac-Nle-cyclo(Cys-Cys)-Cys-(D,L)Atc-(D)Phe-Arg-Trp-Cys-

NHZ:
penta-cyclo(Cys-Cys)-Cys-5-Br{D,L)Atc~{D)Phe-Arg-Trp-Cys-NHa,
penta-cyclo(Asp-Lys)-Asp-Apc-(D)Phe-Ala-Trp-Lys~-NH;, or
penta-cyclo(Asp-Lys)-Asp-Apc-(D)Phe-Arg-(25,35) beta methyl-Trp-Lys-NH,.

A process for the preparation of 3 compound of the formula:

-z
7 \\(CHE),,,

Ri2 (GHy),

\./ |

) f 0 RB R‘i 0

|- ST I H

X N N N 2
-~ N H N
R T H H ’k

0 0 1 A 8]
Q NH
R')\NHE I

wherein

R'to R%, m, p, Q, X,Y and Z are as defined in claims 1 to 45

.<

By a) in case where Z is -C(O)-NH-, dissolving the appropriate unpurified linear peptide in
DMF adjusting to an apparent pH of 8.0 by the addition of a tertiary amine base and
treatmg with an amide bond forming reagent or

b) in case where Z is —S-S-, dissolving a purified linear peptide containing two
appropriately positioned cystein reéidues in aqueous DMSO, adjusting to pH 8.0 by

addition of ammonium hydroxide and bubbling oxygen in the solution.
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45. A pharmaceutical composition comprising compounds according to any one of claims 1-

43 and a therapeutical inert carrier.



47.
48.

28 February 2005
229

46.  Use of compounds according to any of claims 1 to 43 for the preparation of medicaments
for the treatment and/or prophykxis of diseases which are associategl with melanocortin-4- -

receptor activity,

The use of claim 46 wherein the disease is obesity.
Compounds according to any of claims 1 to 43 for use as therapeutic active
substances, particularly as therapeutic active substances for the treatment and/or

prophylaxis of diseases which are associated with melanocortin-4-receptor.



