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Selective Cyclic Peptides

Obesity is widely recognized as a serious health problem for the developed countries, and
has reached epidemic status in the United States. More than 50% of the U.S. population is
considered overweight, with >25% diagnosed as clinically obese and at considerable risk for heart
disease, non-insulin dependent diabetes mellitus (NIDDM), hypertension, and certain cancers.

10 This epidemic presents a significant burden on the health care system as projected obesity |
treatment costs of more than $70 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
" intakein 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 famﬂjr 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



‘Selective Cyclic Peptides 5 Obesity is wdely recogni zed as a serious
heal th problem for the devel oped countries, and has r@8dsbdiagplaEr 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
considerable risk for heart disease, non-insulin dependent diabetes
mellitus (N DDI\/t hypertensi on, and cer@al n cancers. 1o This epidemc

~ presents cant b the health care system as projected
obesi ty t%fﬁﬂg1 a OIS l‘%gﬁﬂofgest Renidgsaye Benived drpoa preraplomelanocatip SBOBIC), n

the U.S. almdmnnsneafmumnt Bids i3 IR QAR thiecBElAenbEANELR. f 00d

i nt ake or hanC| ng t he ex endi ture of energy. as been dendnstrated
t hat whef %ﬁ*j%?f?&ﬂ % wadiyhadramosettivetpin htblmmfe (AEH‘I—D); andwvatous endorphins

|ntra eri I a t|d ana of a- mel anocyte stinulatin
fior ohe (t 7 bﬁgpmﬂf&? G T S RER T RS ‘i& ey fpsoRys, SgpMARtous aEgm y
caused | ofttfiF agtviticg of miltiple inghnadortimodeptorn hakie pateﬁhﬁleof cIiilzhﬁcr @ivRedd RS

rever si bl e WI th a agonl S et al
Nat ur e (1%(%%& %%Q%ﬂme&% grison %5‘5‘2{ fg’(/ﬂ*@%%ﬁltbarbe

useful i nforpaeeltmwg@th elamgonbeasidpyors. There are f| ve known

nmel anocortin receptors based on sequence honol ogy that ranges | , 20 from
35" 60% honol ogy. Rec. Pro Hor none
Res. (1996) i 287 315’3‘I g‘gﬂtd’ ?9@3&#& §9ﬁ§¢923ﬂ1$}98ﬁ3erqdet tEqniHE

For exanphelripepiid 'ﬁ%’grﬁlﬂﬂbﬁﬁmalhﬁmwpﬁﬂshﬁm&ﬁné)ll%ﬁwfﬁﬂ %(?ﬁ%sc |

pi grent at ko, [ pot ent ‘agoni st o -

( Cone, et( al . Ij & aﬁ?ﬁ&?ﬂ%iss&gllgﬁ?{sf ﬂ}é’nWFglR(’z"éégﬁtW dissloge eny qompoupdof at| on
of the fasmullorbdesmtibecdbebauses eunmel anin and increases the risk for

cancer of the skin. Agonismof 25 M -R can al so have neurol ogi cal effects.
Stinmul ation e R carcinoma of adrenal tissue.
The effects 62$ a%ont%étr# g#) ﬁl"% @%@9-)@% %HMW%@% eyt (Bikqh@quiQRhYs of
t he nel ahescGomim (1990 p610P69- Eﬁs)nﬁdalﬂ)sé&al

hor rmm{ngBi ﬁ%@@w ﬁThes% pepttl des

gegaggflélg%&gmoﬁ?ruar%l& gg‘tfl“ﬁﬁ%ﬁ Iat| n OW. a prohornone of 131 am no

acids that is processed into three cI asses of hor nones; the nel anocortins
(oc, A and y), adrenocorticotropin hornone (ACTH), and various endorphins
"~ (e.Q. Iipt&ropl n) (Cone, et alL, ibid.). Because oftheir different -
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wherein R' and R together with X and Y form a
phenyl ring and X is C and Y is C: or



“of the activities of  multi'ple melanocortin receptors has the-potential -of
causi ng unwanted side effects. Therefore it is desirabgedbhaiy agosgoni st

of MCA-R be nore selective for the MCA-R than for one or nore of the other
mel anocortin receptors. Haskell-Luevano, et at (Peptides (1996) 17(6):
995-1002) dj peptides that contain the tripeptide -Arb Trp and
exhi bi t rre;jg@g)%j?% i c (skin darkening) activity in the frgé’p)&ﬁgé?ég pi pi ens)
skin bi oassay. Haskell-Luevano, et al_., (ibid) do not disclose any conpound

of formula I or Il described below Bednarek, et al. (Peptides (1999) 20:
401- 409) and etpal—(fj cchem gGHopbygy Res. Conm (1999) 261:
209-213) di scﬁgg%ﬁ@%%eg’gsﬁof t(]ﬂ@"cyc ic geptiﬂe MI-11. They do not

di scl ose any conpound of forrmula |I off 11 descri bed bel ow. According to a
first aspect, this invention provides a conpound of the formula: ) ! \

(CH2)m R12 (CH2 ~H R | wherein R and R 2 together with X and Y form a
phenyl ring and Xis Cand Y is C or 28 February 2005 WD 02118437 -3- R
is hydrogen, R2 (NH)" -NH, or 0 114 ~ R '-NHCl CNH; and

R4

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
5 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

having from 2 to 5 carbon atoms; R'* is alkyl having from 1 to 5 carbon atoms;andnisOor 1, 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

I H-R'7 I He I

T | T; © CHe
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R"is hydrogen or methyl; pis O or 1; mis0, 1,2, or 3; Z is



T"PCT/'EPOL109630 R12 is hydrogen; with either X and Y being each"C'and the
bond between X and Y being a double 5 bond, or wth X28rébiudegPogs each CH
and .the bond between X and Y being a single bond; R2 is al kyl having from1
to 5 carbon atons, al kenyl having from2 to 5 carbon atons, or allrynyl
having from2 to 5 carbon atons; R14 is alkyl having from1 to 5 carbon
atons; and nis 0 or I, Qis or 10 wherdi-n R3, R4 and R5 are independently
hydr ogen, hal o, al kyl havbng froml to 4 carbon atons, hydroxy or al koxy
having froml to 4 carbongatons, wherein when R4 is not hydrogen, R3 and e
are both hydrogen; R6 is pydrogen, alkyl having from1l to 3 carbon atons,

al koxy having from1l tao.@-c atgpns, —phe §__Q_r hat@: and RI and R13
are each i ndependently hydrogen, al kyl haV|ng or %4 carbons,

cycl oal kgl B%?g'dﬂ&ké‘? &ral@ylcﬁfvh%nfr@ﬁlofr&oo(f HboRNforfR: BpQFeEabgp ﬂﬁh . 15 R
ge Or

is 0 or NH IS %enor methyl. RO is or rrethyl p
is 0 or mharmqegtl%llchce lotelt herepf. | s 28 February 2005 -4 0 11 “(:-NH or S S
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R' and R¥ together with X and Y form a phenyl ring and Xis Cand Yis G, or
R' is hydrogen,
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0 RL-=G !14HCH G NF ---; and 28 February 2005 -4a Rlz is hydrogen, with~

either X and ! being each C and the bond between X and 28 Rsbruggy 200%oubl 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 al kynyl ,having from2 to 5 carbon atons; RL4
is al kyl having from1l to 5 carbon at'éﬁs“; nis Oor 1, R R4 and RS are

i ndependent|y hydrogen, hal o, alkyl having from1l to 4 carbon atons,

hydr oxy, or koxy having from 1l to.4 carbon at o aherel 4 is not
hydr ogen, Iﬁ? &hﬂx‘mﬁ‘%ﬁ’@lﬁ%h}{wW&é@%tﬁﬁg%&bmwﬁ%@%%agen or
methyl; RO 1sgbstfdtanRLe with Xund Yagiag exch Chibtndyhe bong betw@m ¥ and i icing, 1, 2, or
3; and z is O_flﬁ}gI -C--NH or -s-s-; and R 7 is hydrogen or al kyl having

from1l to 6 calB¥ °é’tdi)rrs; and pharnmaceutical |y acceptabl e salts thereof
R® is alkyl having from 1 to 5 carbon atams, alkenyl having from 2 to 5 carbon atoms, or

alkynyl having from 2 to 5 carhon atoms;

R™ is alky! 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 isQorNH;
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R' is hydrogen or methyl;

p isCorl;
m is0,1,2,or3;and
Z s
0
—ﬂ-——NH—- of ~—§—g—; and

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



28 February 2005 -4b According to a third aspect, thi's invention providés a
conmpound of formula: RL | wherein R is hydrogen, R2- 28\jebridiy 200F 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 fromlIto 5 carbon atons; nis O or 1; R6isS
hydr ogen, al kyl having fromlto 3 carbhdbnrs, al koxy having fromlto 3 Barb
out, phenoxy, or halo; leis 0 0 NH. Rs is hydrogen or nethyl; R9 is 28
February 2005 -4c R10 is hydrogen or nethyl; pis O or 1; mis 0, 1, 2, or
3; and z is Q - Cn O - S-S -R17 .8 hydrogen al kyl having from
A&&rdmgtm“ a?pﬁg’clgﬁtl@c%g?%m‘h@es ax?"é cl%gd (s)atlrofrg"l?'her eof ,-

| to 6 carbon atons and pha accep

NH
0 R NH,
I8
wherein
Rlis hydrogen,
Rz—*(NH)n“_E'*—NH——, or R
Rz—c-NH-CH-—E-NH— :

R? is allyl 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 is alkyl having from Ito 5 carbon atoms;

n isQorl;

R® ishy‘d:ogen alkyl havi
1 ag from 1 to 3 carbons, alk .
phenoxy, or halo; 0xy having from 1 to 3 carbons,
R IsOor NH;
R® is hydrogen or methyl;
R® s

’H-R'? ,He [
f f CHe



According to a fourth aspect, this invention provides a conpound of
formula: R7 NH2 | C wherein Rl is hydrogen, R2-(NH)" NR2&Febryarp20Q3
RI-CGNHCH -NH- R2 is alkyl having from1l to 5 carbon atons, al kenyl
having from2 to 5 carbon atons, 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 kyt4Baving 3 or 4 carbon atons, or
cycl oal kyl having 5 or 6 carbon atons or R Y and RL3 are both phenyl; R7
is 0 or NH, R8 is hydrogen or nethyl; 28 February 2005 -4d R9is r Rl is
hydr ogen or E SOOI‘I;mISO 1, 2, or 3; and Zis NO Il
-r--NH or and 7‘SP§d’H§FﬂP6&éWYbr al kyl haV| ng froml to 6 carbon atons; and
phar maceuti cal py isOor 1;

m i30,1,2,0r3;and

Z is
0
—tl:,——NHm— o —f—§—; T
‘and
RYis hydrogen or alkyl having from 1 to 6 carbon atoms and pharmaceuticaily
acceptable salts thereof,

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

R' ishydrogen,

Ra—-(NH),;-—H—NH*“: or H T"‘
RA—G-N H-CH*"'@-N H—

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



“acceptabl e salts thereof.

provi des a conpound of the formula: Z R5 N I

R2 --4N o R14 R2 11 |

R is hydrogen,

Accordl ng to a fifth aspect,

this invention al so
28 Febr uZ8y wher ei n

CNHCHGCGNH--NH--, or R is alkyl

having from1l to 5 carbon atons, al kerhy having from2 to 5 carbon atons,

or al kynyl having from2 to 5 carbon atoms; R 4 is alkyl having froml to

5 carbon atons; and nis O0Oor 1, one of R3, R4, R5 and Rd is hydrogen,

hal o, al kyl havi ng hrom1l to 3 carbon atonms, or alkoxy having from1l to 3

carbon atons, and fhel*r emmi nder are hydrogen R7 is O or N\H R8 is

hydrogen or methyl. R9 is 28 February 2Q05 - 5 i rl CH | Rlois

hydr ogen or nethyl; pis 0 or ;..RTIS 0, 1 2, o[ 3; Zis 011 G NH--- or
1

®is hydrogen or methyl;
isQorl;

is0, 1,2, or 3; and

is

[
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and

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

acceptable salts thereaf

According toa fifth aspect, this invention also provides a compound of the formula:
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. reduction of food intake in_.a

S-S-R" is hydrogen or alkyl having froml to 6 carbon . pr ably

met hyl and pharmaceutically acceptable salts ther eof.%kggeg’f?ﬁpr}ég&% a sixth
aspect, this invention provides a process for the preparation of a
conmpound of the formula: AmMin R to R'; m j), Q XlY and Z are as defect
inthe first to fifth aspects | by a)_jp_case where Zis -C(O-NH,
di ssolving 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 am de bond form ng reagent or b) in case where Zis -S S,

dissolving a purified |linear peRhégigre L ngo2t appropriately
Sat AL

positioned cystein residues in aqueous O 9] *[N-II{‘STOOIby
addi ti on of antrmoni um hydr oxi de and bubbl i ng oxygen in t solution. 28
February 2005 -5a The conpounds of forrmulas |I and Il as Il as

pent a- eycl o( Asp- Lys) - Asp- Ape (D) Phe- Al a-Trp-Lys- NHz, afd
Pent a- cydo( Asp- Lys) - Asp- Ape (D) Pag- Arﬁu(ZS 3S) beta nethyl-Trp- Lys-NH2 are
agoni sts of the MA4-R It is knﬁﬂn t hit agpni sts of MC4-R activity cause

5 use nodel [Jof human obesity. Therefore
t hese conpounds are useful i'h—the-NH-EGEtmeGtNHr—pr eventi om of obesity.
According to a seventh aspect, this invention provides a pharmaceuti cal

conposi tHo ti si ng._conpoynds according to any one of the first to
fifth as}%e%tdé&%mé’%?’ﬂértagpéaﬁ?%%ﬁmmﬁ@ﬂienﬂglﬂmfmm@ao%ar@ﬂ atoms, ot laBfhyl
aspect , havig from@nd SeartphahHeRUs cording to any of the
first tooriéi{tﬁaa}gﬁgﬁctds J'Oé he pr e%{ﬁgl%l o% 0 ?rlge%’?%?%%gt%%a‘%‘ﬂ‘éx‘tq'%&tnent
and/ or prophylaxts PR Hél@sewh lyldaging doomtled 3datBon atoms, or alkoxy

mel anoc deaving-féorhi @ €€ B cbon A€y ia_h&ﬂgrfﬁﬁ] ' tQ .a ninth.aspe i s

i nvent i %%ggr ovi des %ﬁgﬁp.undsfh%ccor i ngq{n?eg%f}gfhogteﬂe i} tOIMT#f’LSh
aspects ogsggrggtl} aPeutic active substances, -particularly as

t herapeutic active substances for the treatnent and/or prophyl axis of

di seases which



are associated with mel anocorti n-4- rece'pt or. Al of th;ﬁ%%P ounds_ of

formulas | and Il exenplified below as well as Penta-c 2005

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 agonist activity
and MCI-R agonist activity in the in vitro assay descri bed below in

Bi ol ogi cal Activity Exanple A. Al of t he Y'est ed conpounds had an. EC50 for
MZ4- R agoni st actiyity of less than 500 nM and all exhibited at | east
10-fold greater -R agoni st acfivity than MCl-R agoni st activity. In
contrast, the conppuRg . A C C

Nl e- Cydo( Asp- Lys) - p-His-(D)Phe[kFg-Trp-LLs-NHZ exhi bi ted about equal

MC1- R and MC44 . oni st activitles. NonengHature and Abbrevi ati ons The
term"al kyl' meansGs ai 2 branghed_al kyl group and the term
"l ower alkyl"™ d Aot . pnt ai G N ¥y to 6 carbon iatons.
The term "al kenyl 8Q : i o i @roj] bra al kenyl group. The

term"al kynyl" refers to a stra branched ’al kynyl group. 28
February 288? WO 02/ 18437 PCT/ EPO1/ 109630 -6 The term "al koxy" neans a
group of t X" &apdadba - in which alkyl is as defined above. The term
"phenoxy" means?a aro%lp#ﬁ%épylﬁ?emﬁé’r"ljrh%sB:hbﬁyd)r—iDZis Except where ot herw se
speci fied, "phenyl" refers to an unsubstituted phenyl ring and "phenoxy"
refers to an unsubstituted @henoxy group. 5 The term "hal 0" neans a group
selected fromfluoro, chlorq brono, and iodo. The term "pharmaceutically
acceptable salt"” refers to those salts which retain the biologica

ef fectiveness and propertie of Nt r 86 base$-or-$+ee acids, which are not
bi ol ogi c hlﬁ pr ot herwi se wundesirable. The salts are forned with inorganic
aci ds such s ¥yRAFBCHI ekyichavbigd fromy dr @b Offon AGhd. ,SpLiric acid, nitric
aci d, ph@&ﬁh@kh&mﬁﬁﬁ&zﬁﬂﬁsg'e li ke, and organic aéiﬂ?egﬁgh"§§wbcmdic acid,
10 propionic acid, glycolitc %ﬁ?ﬁ?ﬁpyruvic acid, oxylic acid, naleic acid,
mal oni ¢ acid, succinic acid, fumaric acid, tartaric acid, citric acid,
benzoic acid, cinnam c acid, nmandelic acid, nethanesulfonic acid,
ethanesuk%%gﬂ%ﬁgci%@]p-toluenesulfonic acid, salicylic acid,

N- acetyl C 0 aghdh aspect,| thik @vedtion pelidel e salts maybe prepared form
addi 1| oncouipodiy bAE BARLE, base of a% L 2BrobblE 3G (5 preparation of a

R)\NHz
nmaw@

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




organlc base to the free acid. Salts derived from an |2§ %I‘HC 12 se
i nclude, but are not linmted to, 15 the sodium potass rﬁ% Mahh @ﬁ

anmoni um cal cium magnesium salts and the like. Salts derived from
organi ¢ bases include, but are not limted to salts of primary, secondary,
and tertiary am nes, substituted amsws including naturally occurring
substituted am nes, cyclic amnes and basic ion exchange resins, such as

e b 3§§I o @e Mﬂ?&&ﬁgglﬁé%?&h Efiaént%%'yéf:%pgﬁnﬁﬂﬁﬁmg ;D%e"
Plagfcralselnt Iﬂgqﬁ’é 35’%11%&}%3“%? Z‘gsgé% \t}\oﬁ%z 184 ggzs;ﬁsggﬂ 0963}61&1 GH:)EA
~wherein rF%:aceu?l 5 FoxBEts oRﬂleW—]RQItlﬂmo“thhat%OWtSZ’f ove

and ha |y acceptable wum osf ﬁﬂmﬂld a
| A, Rlp anof @@m@&@?yﬁé?o%etpnﬂo& QFE gﬁ‘)ﬁ‘gﬁgeﬁ&gﬁ{?&%@%g% or 5 R?L |es

hydrogen, .| W%f redftion®f BefityR14 R2 G NHCH - CGNH and R12 is hydrogen,
Wi th either an R/ bei ng each C and the bond between X and Y being a

double bond, or wwth X and Y being each CH and the bond between X and Y
being a sj ngl.e hond; I S Lkyl having.from1 to 5 carbor atons al kenyl
oy g f FASHISEGS B Stvaih stpest BirdiveaonpRyHge HBTHETIRY PPBIESN o 5 car bon

at ons; Ricompssigd kythpodads fgortiin@ o lankOor dfath®dinstab Ofif; aspaeis and @ 0 or 1. R3,
R4 and R5 are inde endent|y hydrogen, hal o, alkyl having from1l to 4 carbon
at oms, hyFERYHCal BTy v having from 1 to 4 carbon atoms; wherein when R4
I's not hydrogen, R3 and R5 are both hydrogen R is 0 or NH R8 is

Byg: Ogenrﬁc(c)érdgug th%l ezgh%?sp%;t \{gs ?ngf{en]f%ﬂ%x%v é) Lrlse 0 gorrllp%urrl] s%{:(%%a II'Pg t%r methyl; pis

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.



0 Jl ] C NH- | o'r' S S and RF7 is hydrogen or | ower rably
nmet hyl PCT/ EPO1/ 09630 The dotted bond in fornmula I A car%%tﬁf)éﬁ%\‘égi{at 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 #ayéasphenyl ring, X and Y are both the tetraypkaioosse at ons.
I n one enbodi nent of the conpound of forrmula A, X and Y are each CH and
the bond 10 between X and Y is hydrog%nated to a single bond;, Zis O 11 -

C--NHR7 is 8’h R is 11 R2- G- NH R2 is alkyl havi n_g_lfror_nl to 5 carbon
atons: and R dhafrgopalkoxyr memnspgravpef ty dnmulzelizrhPa i Wich allyl s Befinspounds
i ncl ude Pedboee. Q%ﬁk@ﬁﬂﬁ]&nbﬂﬁhe%&g‘i@@df@)ﬂbﬁa@ he-ﬁEpG)LYExdéﬁzwheHbtﬁ&Q{sQer

f d oli th f 11 ---CGNH- R7Y
e P T o R A e oA s e N
or -g 0 Rzzmulﬁhm@hentmﬁgoup

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:



R2 is alkyl; and RRo and R 2 are both hydrogen. In ano&Eﬁ; enbogéaipt of
the conmpound of formula A Zis 011 5 R7is NH Rl is f?

R2 L;-NHCH--CNHR2 is alkyl; and Rio and R12 are both hydrogen.

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

Pent a- cycl o( Asp- Lys) - Asp- Apc- (D)Phe A7g- (2)Nal -Lys-NH2; and

pent a- cycl o( Asp- Lyss) - Asp- N—nethyI(Z)NBI-Lys NH2. | n anot her
nore specific enbodi nme the co -Bﬁﬁg_BT“feﬁnu%a A, Zis 0 11 15 ---
C-NH R7isNH Ri i s %ﬁ ebruary 2 WO 02/ 18437 -1 (GEQQNH),, ~-N 0O R2is

al kyl ; and R10R¥n are bot ogen; and R9 is

lY _ Re Rw
=| H
5 m]/ :
Y T
O
NH
H7/ NH,
RS Rs

wherein R), R%, R, R°, R7, R®, R®, R™®, R, XY, Z, mand 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



| PCT/EP01/ 09630 5 and R 7 i s hydrogen or I over al yl r abl thyI

Such conpounds include those in which X and Y are each%éliJ gﬁ?fq%%d%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 ol89r1days) - Asp- Apc- (D) Phe- Ar g- Tr p- Lys- NH2i  Penp@r/epo1/09630
cydo( Asp- Lys) - Asp-4- MeApc- (D) Phe- Arg- Tr p- Lys- NH2i
Pent a- cycl o( G u-Lys)-d u. - Apc 10 (D) Pt~ Ar g- Trp- Lys- NH2i
Pent a- cydo( Asp- Orn) - Asp- Apc- ( D) Phe- Arg- Tr p- Or n- NH2; Pent a-
cycl o( Asp- Dbr) - Asp- Apc- ( D) Phef Ar g- Tr p- Dor - NH2;
Pent a- cycl o( Asp-IDpr) - Asp- Apc- Phe- Arig- Tr p- Dpr- NH2; and
Ac- cycl o( Asp- DprQH-RED- Apc- (D) - Ar g- Trlp- Dpr - NH2. Anot her specific
enbodi nent of the conpounds of for rrula B, are those conpounds in which X
and Y are each (@ s.a single bond; and R is
15 R2 (NH)S NH/ and the renai nder are
hydr ogen; and n\j
cydo( Asp- Lys) - A%
Pent a- cycl o( Asp- Lys) - Asp- 4- Et QApc- (D) Phe- Arg- Tr p- Lys- NHZ v
Pent a- cy ¢ IRié\tr br A% Iﬁf(g}pﬁug@ B Az Trp 20 Lys- NH2
Pent a- cycl o( Asp- (IL_@;E) Asglygplvb )Fl’}?]e ?A%\gngrp Lys- NH2i Pent a- cydo( Asp-
Lys) - Asp- 4- OHApcH D) Phe- Ar g- Tr p- Lys NH2| and
Pent a- cydo( Asp- Lyjs) - Asp- 4- CLApc- (D) Phe-ArgTrp-Lys-NH2. 28 February 2005 WO
02/ 18437 -11 PCT. IEPOl/ 09630 Enbodi nents of conpounds of fornula I A include
t hose conpounds—Cr-pitict- e®h of—8——3R3—~ RRNAR5, R8 and R 0 i s hydrogen;
R7 is NH R9. is and W is hydrogen or |ower alkyl preferably nethyl; 5 and

pis O, Ie ¢ | o cinic .acig-Lys)-succinic
aci d- Apc E‘D)"T—’ﬁ’ {éﬁﬁﬂ;&rablg | ei ¢ acid-Lys)-maleic
aci d- Apc (D) Phe- Arg Trp Lys- NH2i cycl o(succinic acid-Dpr) -

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,



succi ni ¢ aci d- Apc- (D) Phe- Arg- Tr p- Dpr-NH2, cycl o(nal ei ¢ 3¢ | eic

aci d- Apc- (D) Phe- Arg-Trp-Dpr-NH2. I n anot her enbodi rrentfso'lf:q{!%yégﬁ%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- ( Diwhenéysg- Trp- Lys- NH2; Cycl o( pht hal i ¢ aci d- Dpr pciRlibbiabéso

aci d- Apc- (D) Phe- Arg- Trp- Dpr-NH2| and

Ac- Nl e-cycl o( Cys- Q/s) QIS Apc (D) Phe-#g- Tr p- Oys- NH2. Conpounds of formul a

XB are reqﬁgse&q orrrula 1 § February 2005 5 R(NH),, N 1, or
Rz%i s aI aV| g from1l to 5 carbon atoms,

aI kenyl havi ng fro to 5 carbg i kynyl having from2 to 5

carbon atons. R 4 i aI kyl haV| ng romlto arboh atons. Nis O or 1. R6

i's hydrogegsaligl Q&R%wdnﬁﬁemmﬂ,,&@eg carbons, al koxy having from1l to 3
carbons, phenoxy, or halo; R7 is 0 or NH Rs is hydrogen or nethyl. R9 is
10 or Rl is hydrogen or nmethyl; pis O or 1, mis O, 1, 2, or 3; Zis 0 -(;
-NH or -S-S; and R' is hydrogen or | ower alkyl, preferably met hyl and
phar maceut i cal Iaﬁnaﬁ@egnhmelﬁa!fﬂgwmowofformﬂdﬁ7enbod| ment of the
conpounds of formula IB, i.e., corrpounds of formula IB1, ¥is 0 11 15 WO
02/ 18437 1' CTI 1P01/ 09630 -12 ”

— C—NH—
R’ is NH; Ris
Ri4

I

R&—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 1A, Z is

5 — C—NH—

R’ is NH; R'is



In the corrpounds of formla IB R, is hydrogen <= C--_ NHR7_is NH R
is 28 February 2005 WO 02/18437 -13 0 !1 R2 C - NH-, R2 J&Feludy 2088 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 nent of such conpounds of formula IB1, RR is hydrogen or

al kyl . Exanme®/1ed37such conpounds i ncl ude: Pent a-cycl o( A¥eTleys)evéss p
Appc- (D) Phe- Arg- Tr p- Lys- NH2;

Pent a- cydo( Asp- Lys) - Asp- 2- MeAppc- ( D) PA@= Ar g- Trp- Lys- NH2i Pent a- cycl o( Asp-

Lys) - Asp- 2-i Pr Appc- (D) Phe- Ar g- Trp- Lys- NH2;

Pent a- cycl o( Asp- Lys) - Asp- 3- MeAp T[iﬂbﬂ A dNHTpsiLys- NH2; and

- Penta-cycl o( Asp- Lys) - Asp- 4- MeAppc- ( D) Phe- Adpg- Tr p- Lys- NH2. In anot her nore
speci fic enbodi nent of such conpounds of fd&ynula IBl, R6 is halo. Exanples

of such conpounds i ncl ude Pent a-cydo(Asp-Lys) Asp-4-C Appc- (D) Phe- Arg- Tr p-

Lys- NH2. a8 | odi meat of such conpounds of fornula

| Bl, R6 ||§2§%§§Pg§@r{ﬂ2‘i‘§a %‘gerqux&y&dﬁ)%ﬁ ‘gg Bf such conpounds incl ude:

Pent a- cycl o( Asp- Lys)-Asp-4 PhOAppc (D) Phe-Arg-Trp-Lys-NH2i and Pent a-

(Asp-Lys) - Asp- 3- MeO- Appc- (D) Phe- Arg Trip-Lys- NH2. Conpounds of formula IC

are represented as follows: 28 Februardlg 2005 WO 02/ 18437 »-\14 |

PCT/ EP01/ 09630 H H-R"

ol

. 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,, |



RL R11 Ri3 ICIn the conpounds of formula IC, R is hydro nor ﬁ49R2 -
" CGCNHCHGCGNHS5 R is alkyl having from1l to 5 carbon at 39? havi ng
from2 to 5 carbon atons, or al kynyl having:from2 to 5 carbon atons. R 4
is alkyl having from1l to 5 carbon atonms. nis 0 or 1, R* and Rl13 are each

i ndependent Iwo fyy@dzegen, al kyl having 3 or 4 carbon atonspcexgé@asssy! having
5 or 6 carbon atons or R' and R3 are both phenyl; R is 0 or NH R$ is
hydrogen or nmethyl; RO is 10 r CH2llt Rl is hydrogen or net hyI pis O

or 1, mis 0O, ;1 0 and or -S-S-; Fqbruary
2005 O 05/ 1 REPodichlsetimipn M@%l&d aﬁéﬂma?uqumhlaht R3§]I1°

pr ef er abl YRkt RYR® andR'PishydragesRT i W R @ccept abl e salts thereof. In an
enbodi mrent of the compound of formula IC, the conpound of formula ICl, Zis

Ou- CGC NHRiIisNH R is

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



05R G NH R2is alkyl; Rs and R10 are each hydrogen; and RO _is 1 CH2 In
one nore specific enbodi nent of such conpounds of forn&sé%b@f’}rygﬂ&of R'
and R 3 is alkyl or cycloal kyl and the other is hydrogen. Exanples of such
claims include: Penta-cyclo(Asp 10 Lys)-Asp-Achc- (D) Phe-Arg- Tr p-Lys- NH2i
and Pent a- cy @(18@p- Lys) - Asp- Abc- (D) Phe- Arg- Trp- Lys- NHBcT/EPo1ABG0 her 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 phényl. Exanples of such conpounds

i ncl ude Penta- _cyclo (Asp:Lys) - -4- Adpc- (D )Phe-Arg-Trp-Lys-NH2. 15 In
one enbodi nent I’bﬁ“tcﬁ’é’ 86‘%58%%&“6@%& 74r9gen, t he conpound of formula I1A,
Zis 011 -G--NHR is 28 February 2005 WO 02/ 18437 PCT/ EPO1/ 09630 -16 O

11l R2-C NH R2 is alkyl; R3, R4, RS, R$ and R1O are each hydrogen; R6 is
hydr ogen, hal o, al kyl having froml to 3 carbon atons, or al koxy having

from1l to 3 carbon 5 atons; I}Qzls_(lqgﬂ.ﬂﬁ;.s,\,ﬁs_abgye.

O

(9] R4

R&—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. 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

|
[
a0 (03 00

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

10

O
|

—C—NH— or §—8—; and

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

s —C—NH— ;



I n one enbodi nent of the conmpounds of fornula Il1-A, as described in the
preceding 10 paragraph, R7 is NH In a nore specific érosYRKREOR7 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- iwosoerésp- 5- Me- (D, L) At c- ( D) Phe- Ar g- Tr p- Lys- NH2 pcR@pdimodsfisp- LysS) -
Asp-5-Et- (D, L)Atc- (D) Phe-Arg- Trp-Lys-NH2; and

Pent a- (Asp-Lys)-Asp-5-i Pr-(D, L)Atc- (-DpPhe-Arg-Trp-Lys-NH2. 15 I n anot her
speci fic enbodi mrent of the compound of formula Il-A, R7 is NH and R6 is
hal o. Exanples of such co unds i ncl ude:

Pent a- (Asp- Lys) - Asp- 5- Br At c-J[ D) Phe- Arg- Tr p- Lys- NH2i and

Pent a- (Asp- Lys) - Asp- 5- Cl Rcf-Dnre--Ar g- Trp- Lys-NH2. I n anot her specific
enbodi nent of the conpound of fornmula HHA R7 is NH and R6 is al koxy.
Pent a- (Asp-,Lys) - Asp- 5- MeO- (D; L) At c- (D) Phe- Ar g- Tr p- Lys- NH2i Pent a- (Asp- Lys) -
20 Asp. 5. BC® }3%*%@23%%@%#@%##;@@218 NH2i

Pent a- (Asp-Lys)-Asp-5-i PrO (D, L) Atc- (D)Phe-Arg-Tarp-Lyss-NH2. Anot her
enbodi nent of the conpounds of fornmula H are those conmpounds of fornmula [I
in which Z, RL to RS and R2 to RIR are as descri bed above,» R7 is 0 and R6
is halo. Exanples of 28 February 2005 WO 02/ 18437 PCT/ EP01/ 09630 -17 such
conmpounds i ncl ude: Penta-(Asp-Lys)-Asp-5-BrAtc-(D)Phe-Cit-Trp-Lys-NH2; and
Penta- (Asp-Lys)-Asp-5-C 8HRifD) Phe-Cit Trp-Lys-NH2. In anot her enbodi nent
of the compound of for rruleli 11, the compound of fornula Il1-B are 5 those
conpounds where Z is -S-SO' Q< 14 RLis R (NHHS NH, or R2
CNHCH---CNH OR3, K R8 and Rl are each hydrogen; R6 is hydrogen
or halo;. R7 is NH, and RS ' and R 7 is as above. Exanples of such
conpounds of formula 11-B™ nchMde: Ac-N e-cycl o( Cys-Cys) - Cys-

[

5 andRY is as above

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.

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:

-



(D L)Atc (D)Phe Arg Trp Q/s NH2i and ‘
Pent a- cycl o( Cys- Cys) - Cys-5-Br (D, L) At c- (D) Phe-Arg  Trp- @JWW?HPE
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 opwsprkass) - Asp- Ape (D) Phe- Arg- (2S5, 3S) beta netplylerdigssbys- NH2.
The nonencl ature used to define the peptides is that typically used in the
art wherein the amno group at the N-der mi nus appears to the left and the
carboxyl group at the Cter appears to the right. By natural am no

acids is nmeant gone of FIO ring a acids 20 found in
proteins, i.e., Ay, Ala, Val, Leu, e, Ser, Thr, L Arg, Asp, Asri,
Gu, dn, Cys, Mt Phe, Tyr, Prg p, and His. Wer e amino acid has
i someric forms, ifCh g%ptheLform anmino acid th "% represent ed

unl ess ot herw se plicitly i nd| ced/ 28 Febr uary 2005 WD 02118437
PCT/ EPO1/ 09630 -1 The foll Abbr evi at® onsger stsTb | s are used to

represent am no a |ds r ot t| ng gr aups.|| sol ent agents and the liKke.
5 Synbol DAIa At Br AtN. 10.35- CLAt ¢ H, 5- Et At ¢
5-iPrCAtc 5I\/ﬁAtcl -1 BfAt cY 5- At \\

Rt RS /l\

In the compounds of formula IC, R* is hydrogen or

RHi4

R2——C-NH-CH—C-NH—;
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 '

H-R17 LHz | ]
I CHz

O30 - c:©

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

\ca——o-—

10

—C—NH— o©f S——8§—; and



DBr DPr 20 Sar Cit Apc 4-HOApc Meaning beta-Al anine
(2)-Naphthyl al anine 2-Arninotetraline-2 carboxylic aci?dFebruary 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- 2waxspahg@t et ral i ne- 2- carboxylic acid PCT/EPO1/09630
5- Et hoxy- 2-am not etral i ne-2-carboxylic acid
5-1 sopropoxy-2-am not etral i ne-2-carbeixytic aci-d
5-Methyl - 2-am not et r al i ne- 2- car boxylic acid )
5- Et hyl - 2 Ranishydreganaariayeer alkyla pistexaply methyliagd pharmacentically acceptable salts thereof.
5- 1 sopropyl - 2-am not etral i ne-2-carboxylic acid
5- Di met hyl am ngr 2r cibigdh@ik bthe Bfnpouma bPRIhE §CARE mpdudd 4f rafiatoRyignoi ¢
acid D 2, 3-diam nopropionic add Sarcosine (N-nethylglycine) Gtrulline i
1 =Am no- 4- phenylcydohexane-| - car boxylig acid
1- Ami no- 4- ( 4- hydr oxyphenyl ) cycl ohexane-?- carboxylic add 28 February 2005 WO
42/ 15437 PCT/ EP01/ 09634 (L _

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



-19 4-McOApc 3- MeOApc 4- Et OApc  4-i PrOApc 5 4- MeApc %
2- MeAppc -

15 Achc

e Aope
2-i ProAppc 10 3- MeAppc 3- MeQAppc  4- MeAppc '%bA‘b%Zéﬁgphmppc

Adpc Abc 3-Anb 4-Anb 20 2- Aba Bu:iPenta Fnoc

1- Ami no- 4- (4- met hoxyphenyl ) cycl ohexane-1| - car boxylic acid

1- Am no- 4- (4vomriseryphenyl ) cydohexane-| - carboxyl i c aci d pcr/EP01/09630
| - Am no- 4- (4- et hoxyphenyl ) cycl ohexane-| - car boxylic add

1- Am no- 4- (4-i sopropoxyphenyl ) cycl ohex&ne- 1- car boxylic add 'I, N
1- Ami no- 4- (4- net hyl phenyl ) cycl ohexane-1 - car b8xyl ic acid

10

15

20

Re—C—NH— ,
R? is alkyl;
R%, R, R’, R® and R" are each hydrogen; E
SN
R® is hydrogen, halo, alkyl having from 1 to 3 carbon atoms, or alkoxy having from 1 to 3 carbon
atomes;

R%is

o)

In one embodiment of the compounds of formula II-A, as described in the preceding
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.

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)-
Asp-5-EtO-(D,L)Atc-(D)Phe-Arg-Trp-Lys-NH,; 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



1- Ami no- 4- (4-chl or ophenyl ) cycl ohexane-1| -carboxylic acid _ 4
TAni no- | - phenyl pi peri di ne- 4- car boxylic acid 28 February 2005

4- Am no- 1- ( 2- net hyl phenyl ) pi peri di ne- 4- car boxylic acid

4- Am no- 1- ( 2-1 sopropoxyphenyl ) pi peri di ne-4-carboxylic acid 4-Am no- 1-(3
- met hyl phenwq @jggri di ne- 4- car boxylic acid PCT/EPO1/09630

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

4- Am no- 1- (4- et hyl phenyl ) pi peridi ne~47ear boxylic acid

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

4- Ani no- 1-sadh mmsepn@wdcr guitd b diynedst=-5cBrAtniB)Phe Citcm-Lys-NHo; and Penta-

1-. .. Am nQags-Ey3ARRS XA LY@ Pl es-1y [ boxylic acid

1- Ani no- 4- ?.g%hﬁw%ym o%e(?gme I-car-%osxlgllql c acid 1-Arnino-4-tert

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

4- Arni nor net hyl benzoic acid 2-Am nobenzoic'acid Butyl pentanoyl

9- Fl uor enyl net hoxycar bon /I 28 February 2005 WO 02/18437 PCT/ PPOL/ 09630 -20
Pnt 2, 2,5, 7, STremthare pirod thereo@peuridfaf foymulaTh, theRompphng offopdaliduet hy | )
CH2C12 g/bttgyge@&ﬁ &mdg){vhggzlsqgﬁs(m Acetonitrile s DVF Di net hyl forznam de
DPEA N, NDii sopropyl ethylamine TFA Trifluoroacetic acidd HOBT

N- Hydroxybenzotri azol e R4

R'is Re—(NH), ﬁ NH—, or R2-—G-NH-CH—C-NH
e}

R?, R%, R%, R®and R" are each hydrogen; R®is hydrogen or halo; R’ is NH; and

R’ is

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.



DIC N, N -Diisopropylcarbodiimde to BOP

Benzot ri azol - 1-yl oxy-tris- (di met hyl ani no) phosphoni um FEEFEPIYRAY 8¥osphat e
PyBroP Brono-tris-pyrrolidino-phosphoni um hexaf | uor ophosphate HBTU

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

15 FAB- M5 Ragtoag@m bonbardnment mass spectronetry ES- MSpEl/@fdih®sPr ay nmass
spectronetry Setting forth the substituted am no acid, in parentheses

i ndi cates anal ogs of the peptide sequ8nce. Derivatization of the
N-term nal amno group, is indicated to the left of the N 20 term nal
substitution, separated by a hyphen. That is, for exanple,

Ac-Hi s- (D) Phe-Arg-Trp- Ay-NH2 indicates a peptide having an amno acid
sequence i n Wrhefollowing sltirdiatpng bsyRdsls BReked 16 Wpstsehtabish {0, fiydeggen at the
N-term nus. The suffi%es Hééﬁi nd "- NH2" folrgﬁjng t he hygﬁen&gg t he '
par ent hes el FAVH IEga %¢i% and amide forms of the pol ypeptide,
respectively. The |inear peptides, used as the precursors for the present
representative conpounds may. 25 be readily synthesized by any known
conventional procedure for the formation of a peptide 28 February 2005 WO
02/ 18435 BahbélPO1/ 09630 1@&mhgnkage bet ween am no aci ds. \Such conventi ona
procedures include, for exanple, any solution phase procedure permtting a
condensation between the free al pha am no group of an amino acid or

resi due t HetlRof havi ng iﬁ%ﬂ%%?ﬁﬁﬁyl group or other reactive groups
protected and the free primary carboxyl group of another am no acid or

resi due tlizgkdf havi ng i t(8)-Naplithylglesiie or other 5 reactive groups
protected. The process for synthesizing the |inear peptides maybe carried

out by% a ppr ocedur e wher gby,...achan i:d L. the desired sequence is
added one at a tine in 5266e55|onlggbgﬁggﬁ%?mgﬁino acid or residue thereof

or by a prﬁgﬁdure wher eby peptide fragnents with_the_ desired am no acid
sequence arEALS 1 st synthé‘I?EW?&%W%Q%E&%&#?Vb%ﬂ@C?ﬁ%n condensed to provide
the desired peptide. 10 Such conventional procedures for synthesizing the
pr ecur $br 5tGlagar pept i deS-ChilotadZlemimtetratina?pirbogliyaddl i d phase pepti de
synthesis nethod. In such a nethod the synthesis of the novel

5-MeOAtc 5-Methoxy-2-aminotetraline-2-carboxylic acid
5-EtOAtc 5-Ethoxy-2-aminotetraline-2-carboxylic acid
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



conpounds can be carried out by sequentially incorporat] t he ired
amino acid residues one at a time into the grow ng peﬁ@ﬂ%ﬁ”@ﬂ&%ﬁiéccording
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, Syiptohegss and Bi ol ogy, Vol. 2, Goss, E and Mpiepbffsse J-. Eds.
Academ c Press 1-284 (1980)]. Common to chem cal syntheses of peptides is
the protection of reactive side chainrlgroups -of the various am no acid
noieties with suitable protecting groups, which will prevent a chem cal
reaction fAr¥aPdecurring a%ﬂpﬁmr4&%1mﬁMWHN¢Mﬁ}Wﬂqhﬂﬁm&%¢mkpqﬁanﬁd is
ultimately renoved. Usually 20 al so common is the protection of the al pha
am no grodgMeDApn am no arisehidy-4f4-a@tRRiphaiil)cpdldHeddine- EBkbilidLRACt S at the
car boxyl group, followed by the selective renoval of the al pha am no

protecting_ and al | oy, a.sup: nt . r tion to.take place at that

site. VMiﬁg&g%'gific pr o S%F?hg%gg%ﬁﬁghﬁﬁgémkg?ﬁnaﬁé%f8%@539 regard to
the solid phase synthesis nethod, it should be noted that each am no acid
can be prdrBEYARs by an prbfEirg-{ét-epreporaphapgberciohenans lusbentiopcddhe 25
respective amno acid in solution phase synthesis. Al phaam no groups nmaybe
pr ot ectied 4byedpcsui t abl e pr-abded-iHigngtylpheasBrtdhethnbriogboayliFeili C

ur et hane-type protecting groups, such as benzyl oxycarbonyl (Z) and
substi t ut nzyloxycar_ggxi__ ] - 12y exyear bonyl ,
p-nitrobeﬁgaﬁggycarbonyl,Pp- ‘1% ¥g@%@@%%%@%%@%%%ﬁ??Xm%a%%%a 4

p- bi phenyl -i sopropoxycar bonyl, 9-fl uorenyl net hoxycar bonyl (Fnoc) 30 and
p- met hoxyB®RS y| oxycar bonyi-Aning,1-phenylpiperiine-4igathomdlicacidy pe prot ecti ng
groups, such as t- butyl oxycarbonyl (Boc), diisopropyl nethoxycarbonyl,

i sopr opoxyededgryl , and alAinoekysaetigphitnyl)pipesdine-4Fatboxylis atibe nost
preferred for al pha am no protection. 28 February 2005 WO 02/ 18437

prot 6ot i ’ES?S‘F:’%SB@ 5eFéf‘i‘?ie?‘??%%%F??S@%@@P%’E‘éﬁééﬁﬁ%ﬁbﬁ%é 2
P - Bor. P [
Phe. modl BPIPMREc for  arRNEL RO LG rOURE & e afinol (i Pr O |

nmet hyl ene chl oride (CH2C12), dinethylformam de 5 (DWF) and
N- met hyl pyrMefPapticnone ( NMPAmiver-b(huetioagbenylpiperifins4emarboxylBuridi ck & Jackson
and were used without additional distillation. Trifluoroacetic acid was

pur chased fvegppe 4-Amino-1-(4-methylphenyl)piperidine-4-carboxylic acid
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



Hal ocarbon or Fluka and used w thout further purificati

"Di i sopropyl carbodiimde (D C and diisopropylethylaniﬁ§¢Fﬁpﬁﬁ%3o%%s
- purchased from Fl uka or Aldrich and used w thout further purification.
Hydr oxybenzotri azol e (HOBT) di methyl sul fide (DVS) and 1, 2-ethanedithiol 10
(EDT) were pwroghsused from Signma Chem cal Co. and used w tphoutporfovdsd her
purification. Protected am no adds were generally of the L configuration
and were obtained commercially fromBichem Advanced ChenTech, or
Neosyst e Purity of these reagents was confirned by thin |ayer
chromat ogrdfshy, NWVR and ﬁ%%%%ﬁ%ﬂﬁﬁpﬁ?ﬂﬁ¥Pﬁﬁnf%ﬂ@§@ﬂ Benzhydryl ani ne resin
(BHA) was a copol yner of styrene - 1% divi nyl benzene (100-200 or 200-400
- mesh) obt dirthed from 15 Baddigfuripherdivalyded Chent ech. Total nitrogen content
of these resins were generally between 0.3 - 1.2 neglg. High performance
l'i quid chigppet,ogr aphy (Fﬁmggﬂ&@§mgg&guc;ed on a LDC apparatus consisting
of Constanetric | and Il punps, a Gadient Master sol vent progranmer and
m xer, angd a Spectrononitor ]Il variable wavel ength UV detector
Anal yti ca NC was perf&Fﬁ@Hnﬂﬁ 20 reversed phase node using Vydac C18
colums (0.4 x 30 cnm). Preparative HPLC separations were yun on Vydac

col umss (pmE 25 cm) . The Dild@dliorRBREddes were preferably prepared using
solid phase synthesis by the method generally described by Merrifield, [J.

Amer . Che oc., 1963,8 9] ..although other equival ent chem cal

synt hesi s Agﬁn in the a§$%%§ﬂ#ﬁnﬁ%ﬁﬁ§%gm§§ previ ously mentioned. Solid 25
phase synthesis is comenced fromthe Ctermnal end of the peptide by
coupl i ng &F4rotected al Jhifluenopesticedid d to a suitable resin. Such a starting
material can be prepared by attaching an al pha-am no-protected am no acid
by an est®OBT nkage to aNHy@R#bemoyRemey!l al cohol (Wang) resin, or by an
am de bond between an Fnoc-Li nker, such as p-[(R

S)-u-[1-( fluoren-9-yl s +p» v s
nethoxyfo?#%nido]-2,4-dié%?%%?%%§ﬁ@ﬁ%§¥f¥%%%noxyacetic acid (Rink |inker)
to a 30 benzhydryl am ne %ﬁHA)_resin. Preparation of the hydroxynmethyl resin
is wel o KRSBN in the art Be eI Vpwetisffimatisdamingpbpephosivay e conmerci al |y
avai l abl e and generally used when the desired peptide being synthesized
has an unsubstituted am Mex#luctdphodphhter m nus. Since the conpounds of the
present invention are cyclic peptides, prepared by the formation of a

ac 1028 Fivhary 2005 Wb 38T 1BATyORD EheysRifin RERhIGHh i oceTol € S0

HBTU 2-(1H-Benzotriazole-1-y1)-1,1,3,3-tetramethyluronium
Hexafluorophosphate
15 FAB-MS Fast atom bombardment mass spectrometry
ES-MS Electro§pray 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



-23 place suitable amno acids or mnetics carrying th ro si de

chain residues in positions in the linear peptldesthatsgg%“ﬁr ﬁgfely be
i nduced to undergo an intranol ecul ar am de bond or disulfide bond
formati on. The |l actans are forned through the coupling a side chain am no
functional i womfis®7C-term nal am no acid residue with a gcsendiesadsboxylic
acid residue, while the 5 disulfide bond is forned through the oxidative
coupling of two cysteine residues app2dpriatel'y incorporated at the
C—tern1naHg§ad at or near the N-term nus of the precursor |inear peptide.

For exanpli&Xkagebetiren gomoacids. Sch gpnvepionplpspegivpeineindr for “-‘*?‘%Plrlﬁénb?@&ﬂnsor
l'i nAr " pentpape cbdé@:&e b&hmbbﬁ@&d@:@s@u&ﬂ)eﬁ&%ﬂ tHa%red alpRA R AL of REARROLAHE @

car boxyl resi g structyre X, or in the case of hexapeptides, the
pepti de | F e MeerobbaiPa IREATTORY BRUP oF FHSTAFACHTR HOUROReISGble fies choson
10 from ongindfy daisoxgNiroep a@hdﬁemﬂﬁcadcm dRGesftiug me}e%bhm;g@ste@ﬁﬁ i dahai n
carboxylic aC|d ro%P %* aspartic acid, glutamc acid. the I|near
heptapeﬁtﬁﬁgg %E% tic acid or glutan1c acid are |ncorporated as

t he penultlnate residue fromthe N-termnus. In all the precursor I|inear
pepti des, i .eThe piroseshépsynthdizing thedincarpeptidepmpy boassiedidue bfa prerairatherebyi due
i's chosenéﬁgmgﬁ : |

prot ect ed ba5| C g?ﬁ{éﬁ{c a?%ngg%l C',%égdzg %ﬁ%ftg?gg%&%fgtgéﬂé}%%gaéﬁond when
depr ot ect &gid of geidag theprobor By meced@nemh@mbmpuée @a&n@mmﬁmheéamﬂma@add 2, 4-
di am nobutsaqeh& 8cfind: sﬂ&ejlﬁa%@eﬁﬂ&m;&na% ARG B pRIvME tRe dlbipdd! ej?]é#& bond,
where the precursor is a linear hexapeptide, the peptide is desighed such
the C aha K ¢ o erarenpiaf Bl G Y Rah P BelE Up e oo ReTor
heptapeptm&m@ﬂhenapbdpbﬁéaq&ﬁysﬁﬂpﬁamambédh@yénamamodﬂmwﬁuh3mafémnowﬂ

Nt or by naicos pamdachdbd ilticl oably bty i i il AN Wb pne
peptides, ﬁ@namtﬂ&emgmspem @%acenréme&:%ﬁe@mmﬁmmp lco w@haaenker - BHA

resin usi &@aﬂw& [MeRgeRr, REBCE ﬁﬁilerf Chéh. Sbc. DG, @@9@194 BB}aH?Et’ g, THE Ctolﬁegi | ﬁgs

eqU|vaIent 0, aci SU|tabIe coupll rea

the red Aﬁé’&ﬁ%(’g %‘fg" d2 GrereE- dMeinhofgdaithg AsrdentiePrsstilri$4aci d
onto the r(E2S0)]. naybe detern1ned 25 by amino acid analysis of an aliquot of
Fnoc-am no acid resin or by determ nation of Fnoc groups by Wanal ysis.

Al tedg ti
anhydr de_pnd R N N R T AR T

carried tIQf B§griQisgaing aCF%la@ﬁlffsw@ SEWI%“FM@EP@MWWG@W%Q glaneical] | .
;he al gdharaﬁhdlﬁ&dﬁﬁ%aﬁhﬂgﬁﬁhdt@ﬁ G ER proécEing BroRY Rl rhased UEm) ti ons.
I peri

N0 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.



30 pi perazine or rmrphol I ne (20 40% vl v) in DVMF nmaybe for thi

purpose. Preferably 40% piperidine in DVF is utili zed%qrmﬁaoghe
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

I nt er medi at ayo @edsected peptide-resin. The activating reegepiimposssed for
coupling of the amno acids in the solid phase 35 synthesis of the peptides
are well known in the art. For exanpl-@2-appropriate reagents for such 28
February 2005 WO Q2/ 18437 24 PCT/ EPOl/ 09630 synt heses are

benzotri azol - £ BEquPs mey berrotrged by Hutable peitersing arpun sslesteddromopitrogphat e

(BOP), Br (IﬁIMeﬁd’S\hlﬁ)anfI‘bs) Z(iieﬁlﬁmlaih?ﬁ]ﬂ’@@ﬁhésﬂ!f XeHrhd) oar@.amzmﬁ:a@oﬁ RYEABB).
2-(1H Be {haz S{a }_%% @égt)et r anet hyI ur oni um hexaf | uor ophosphat e
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10 (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)
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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i nterval s angd, i nspecte anal ytica
| peptldes, i. eE) e epta— - and pentapeptides, the C-terminal residue is chosen from natural

or unnatural amino acid bearing a suitably protected basic side chain residue, capable of forming
' 15 aamidebond when deprotected, for example lysine, ornithine, 2,3-diaminopropanoic acid, 2,4-
diaminobutanoic acid. To form a cyclic peptide containing a disulfide bond, where the precursor
is a linear hexapeptide, the peptide is designed such that an appropriately S-protected cysteine
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 grdup, 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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preparative HPLC.. Gradient elution is generally started at 20% B buffer,
20% - 60% Bratecobd ni nut es, (buffer A 0.1% TFAI H2O, buffer B: 0.1%
TFAICH3CN) at a flowrate of 8 nL/mn. UV detection is nmade at 280 nm
Fractions were collected and nonitored by analytical HPLC. Fractions
judged to be of high purity were pooled 5 and |yophilized. Purification of
t he crude pepéLdes is canryl out by preparative HPLC. The peptides were
applied to tﬁét ol ums | nﬂ—e!ég%?ﬂt ni mum thPﬁl—%rre of either AcOH H2O or 0. 10/6
TFA/ H20. Gradient elution is generally started at 10% B buffer, 10% -60% B
in 90 ninutestPMBuffer AZ2XP0te%

15 240% piperidine/DMF 1 min
3 40% piperidine/DMF 15 min
4 DMF 2x30 sec
5iPrOH 2x 30 sec
6 DMF 3x30sec

20 7 coupling 60 min - 18 hours
8 DMF 2x30 sec
9 iPrE)H 1 x30 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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subsequent reactlon to take place at that site. Wile specif
nm. Fractions were collected at 1.0 - 2.5 minute intervals and inspected by analy’tlcal HPLC.

Fractions judged to be of high purity were pooled and lyophilized.

To prepare the lactams, the appropriate unpurified linear peptide is dissolved in a suitable
inert solvent, for example N-methyl pyrrolidone 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
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to another amino acid or residue thereof or by a procedure whereby peptide fragments with the
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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
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coupli Y of 1 Rﬁ so%ven{:'solsc%crbga%oi (r;.lPrHi-?) SO 1dné) cria?onde (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).
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by an amide bond between an Fmoc-Linker, such as p-[(R, §)-0-{1- (9H—ﬂuoren—9—y1)—
methoxyformamido]-2,4-dimethyloxybenzyl]-phenoxyacetic acid {Rink linker} to a _
benzhydrylamine (BHA) resin. Preparation of the hydroxymethyl resin is well known in the art.

10 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.

In general, 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.

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)



washi ngs and couplings were neasured to vol umes of 10 28X®bryajy 284 ns.
Coupling reactions throughout the synthesis were nonitored by the Kaiser
ninhydrin test to determ ne extent of conpletion [Kaiser et at. Anal

Bi ochem 19(&02%4 7995-598]. Slow reaction 20 kinetics \A@éT@pﬁﬁ,ﬁggd for
Frmoc- Arg (Pnt) and for couplings to secondary am nes by sterically

hi ndered aci ds. Any inconplete coupling.reacti.ons were either recoupled
with freshly prepared activated am no acid or capped by treating the

pepti de r esiybentlddl tadetdoopling myisiura én asleie Dptimire che spttbatir. cydiise Pieafidrieg here
assenbl ed iFﬁE}tBiI‘de'reSi ns were dried in vacuum for several hours. For each
compound, e bl ocking groups were renpved and the peptide cleaved fromthe
25 resin by the foll owi ng procedure. The peptide-resins were treated with
100 gL et haneditt Rioigcokiona typicelisprthetin cxde Bagiellogoo L anisole, and 9.5 nl
trifluoroacetic acid, per gramof resin, at room 28 February 2005 WO

02/ 18437 -B6toR'T/ EPOL/ 09634 tenperature for 120 min. The resin is filtered
off and the filtrates are precipitated in chilled ethyl . ether. The

precipi tates g5 centrif nd the er layer is decanted. The residue
was washed w two or three volunes of Et20 and recentrifuged. The crude
products are gﬁx&? under vaguum 5 Purification of Crude Peptide

Prepar at i ons i cati or® BtV ¥fe crude peptides was carried out by
preparative HPLC. The peptides were applied to the colums in a m ninum
vol une of eit Bad%Aiferdri2@MF 0. 1% TLAIMAO. G adient elution was generally
started at 10% B buffer, 10%-60%B in 90 mnutes, (buffer A: 10 0.1%

TFA/ H20, buf f glgdgpifdndie/OM¥ CH3CN) atsgefl ow rate of 8 nl/mn. UV detection
was nmade at 280 Fractions were collected at 1.0 - 2.5 mnute intervals
and i nspected, by anal ytizlé HPLC. Er a3%ti ons judged to be of high purity
wer e pool ed aftd | yophi |'i . Purityzd‘f tffe final products was checked by
anal ytical HPLC on a reversed phase colum as

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.

1

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 '
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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:
0.1% TFA/H0, 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
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

Al

DV
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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



NN )r H'" OORs NH 62b (R7=O, PG=H) 7d'-NHPGR NH 63a (R? NH, PG™-
Pmo) R7d° NHPG 63b (R7=0, PG = H) Srd 28 February 2005 V{3 Sebrug8430p05 43
Reaction Schene NN Q ULRB NH 562 (R7 NH: PG = Pnt) "NHPG 55b (R7TO
PG=H RIf" Trifluoroacetic acid (scavengers) O2 PCT/EP01109630 WD

02/ 15437 - A4y&eaglidon Scheme 0 NH 60b (R7=0, PG = H) PCT/EP01/09630
-49 -

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
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
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
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
(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
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
m:xture»of THF or dioxane, preferably dioxane and aqueous sodium carbonate with 9-
ﬂuorenylmemoxyc}ﬂoroformate (FmocCl) at a temperature of from zero degrees to room
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
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

- 46
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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.

5 In Reaction Scheme Q, the compounds 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

10 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- ,
dimethylformarmide, preferably acetone, at a temperature of from room temperature to the
reflux temperature of the solution, preferably the reflux temperature. When R'®represents a

15 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., potassium 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-

20  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

25 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

50 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-

35 toluenesulfonic acid in an inert solvent, for example benzene or toluene, preferably benzene, at
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the reflux temperature of the solvent. The formed water is removed from the reaction mixture by
means of a Dean Stark apparatus to enable the reaction to go to completion. Compounds of
Structure 88 are produced by hydrogenation of the olefins of Structure 87. The reaction is
conveniently carried out using a noble metal catalyst, for example palladium on carbon, ina
5 hydrogen atmosphere in an inert solvent, for example ethanol or ethyl acetate. The

hydrogenation is usually carried out at room temperature and 40 psi of hydrogen, however if the
aryl ring in Structure 87 contains a group prone to hydrogenolysis, e.g., ifR% Rfor R® represents
chloro, the reaction pressure is kept at about 5 psi. Compounds of Structure 88 may be also
obtained directly from carbinols of Structure 86 by reductive elimination of the hydroxyl group.

10 In this reaction a solution of the compound of Structure 86 (R*>= R*=H and R*= OMe) in an
inert solvent, for example dichloromethane, is treated with a Lewis acid, such as boron '
trifluoride etherate, and a reducing agent, for example triethylsilane, at a temperature of from
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 dichloromethane. The reaction may be conveniently carried out at a temperature of
from zero ;legrees 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 prepa.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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carbonate. The reaction may be cartied out in an inert solvent, preferably N,N-

dimethylformamide at a temperature of from room temperature to 100 °C, preferably at 35 °C.
The compounds of Structure 97 where R*™ is a branched lower alkyl are prepared in two steps

15  from the 2-tetralone of Structure 94. The tetralone of Structure 95 is subjected to
dehydrogenation in the presence of a noble metal catalyst, such as palladium metal (10% on
carbon) in a suitable high boiling solvent such as p-cymene to give the aromatized compound of
Structure 96. The naphthol of Structure 96 is then O-alkylated with a secondary alkyl iodide in
the presence of a base such as an atkali metal carbonate, preferably cesium carbonate to furnish

20 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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two ways 28 February 2005 WO 02/ 18437 5RCT/ EP01109630 -50 a. As seen in
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in the pr G@ﬂﬁmg’ﬁehd%ﬁé’P’d’iP@H‘}h&]% blhd a trace
(1% of wﬁiﬂgr[anﬁﬂd Tﬁ@tﬂl@ﬂ@ihlaymbl& Hobuiblgthe siefieafa fsmthE a@ﬂ cmaﬁae ﬁ&érhﬂﬁat i on
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The anhydride formation 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,



20 f||tered free fromthe solid support then is diluted with a suitable
sol vent, preferably diethyl ether, and the forned sol g ebreany 800% 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 preparatwoazaddr colum. Wth the appropriate functiongbtrikbRedsiUs now
available to formthe intranol ecular am de 25 bond, the N-capped |inear
pol ypepti des are subjected to am de 6Pm ng reaction conditions well known
in the art. Accordingly each in turn of the the linear peptides 31, 32
(Reacti on f@@ﬁéﬁ@e@)accwﬁd’ ’@Qﬂ.’ﬁim(smdzd wrboBylispstem pyesing infl05sPevesdltim an i nert

?glrvg;];npfng&all\l-%neth | norp hgfll ne g ug%%laﬁisho%nﬁng%%glrexm%g;alggafgﬁf pH

of 8, pri mefqu%ma%fdﬁf’tﬁ“@d_éffkgaw aémanéc#sep éhﬂ@algeémtonﬁm ingorgomatien Bop

The 30 r eftht bind ﬁoﬁa@é’ﬁt&@ds@l@éﬂv& c@ﬁﬂi&ﬂe@g y Ridhufily phedy? BIOGH Bh te @hitdl aRGH
zero de and 40 preferabl at a out roomtenperature. The reac |on

it all &’%FB eﬁ?%@ﬁflﬂﬂ%ﬂhw ace pk both dpetiB tupsierated aeplorzelidi@maystermazdh ods,
used by t‘ﬂfbﬁﬁte&ﬁe@a‘f@ﬁx@ﬂﬁch%l&'téd‘ enofa& gm@t{a&z ﬁBﬁ%&fnﬁ.ﬁ%{eﬁ%ﬁg Tépre GgL! on are

for exanple, JLC or analyti After renova Ion sol vents

in vacua Ml wpmie aé fipnof jagihy! W@W@IP%QW@@MMS wdpdtonteciotion shown
i ngeact } o&uﬁmwnmdndm;maﬁyzﬁmdé@u@mﬂe&@@& WeHQ3Id R 48 exhib] Ye&B@kﬁ;ﬁgwo
- uritil I ek s a 0 usi reparative
ot | B SR A G B R e St orts et S oo o |
NHCO Bi4 dgetwe-ﬂihé?&%}and wodi wmpfmauee pesitritiest —etf"CSInsmmiaflh&tHyl ivhgiesiud | S S— S
17 | t
are prepapgehily .iR aadmﬁfve . %‘g%@dﬁcgﬁ%%h#@@gofo 'fg%‘ﬁérgﬁ S%ge”&%u& miar to

t hose descri bed abo rou
prepar at i Bieithan methy &Oéhﬁ@mﬁdSQl?Wwalm@:lzaddsdM—ﬁ@@asdfmméﬁld timate

| i near o ex tion that
am no~ acl?l ds, t%at con gjlmﬁél%%egg%iﬂ}ﬂﬁ rrg r&%bllﬁe}gggdﬁ)%g cﬁ'g exanpl e
Foc-Cy's ( Pety @Fafeﬁid@qnntbmpmﬂlaﬂmammnemurea@bﬁwmm—éﬂ%gmlsmbmons of the

gr owi ng rﬁﬁ‘lp@raﬁﬁk' efBtably BER C%d s A& P Bcegxgé rgorh 115:1 ol n1t is

prepar atl%@ﬁ r%g resj n bound | j near rate
React i on e(é)'r’fh%t € L5RGOR s cam %edp(reé\ﬂné]ﬁ%"r E’?HBE@ ﬁﬁfdh@m:@?hd tap Sc heme L,
t he resi ntebpemtire bﬂﬁ:ﬁﬁeeh exareninddeo &2 pre@dcrilﬁf at a!)Gﬁ‘DWS: °C9\Frhér$h?05 Hﬁﬂuﬁon6
protectln e el ac tio ve 56 or
by reacti gfn%vﬂp ggn h%yr%%gbé%cb P%P?ﬁ O e’E"h ‘irvay t he
resin bo u’ﬁ!ﬂah‘ydy\tﬁp@puq added. The reaction is then allowed to proceed at a temperature 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



53 and the resin bound heptapeptldes 54 and 55 are cogzq%gfd tg 6
correspondi ng N-acyl ated derivatives 58, CO and 62 an 0
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 tigohhs@soacetic acid, optionally in the presepggupfioddde! Nert

sol vent such as dichl oronethane and optionally in the presence of one or
nore carbocation scavengers, for example ethanedithiol, dinmethyl sulfide,
triethylsilane and ani sole. This causes cleavage of all side chain

pr ot ect i ngPigprRamgts: and afmec Nrprotectipperger rming acagentelar expmplei Soludkenylmethld sol i d
support. Tdior@Brhgta Clirh6dICH) Sr S-ARMERIRGIIN-S@ichinfilyQdiboite PEHSIPSHAL Ur e of

between 0 C roomte erature. The polypeptide
cl eavage s%Fﬁ?ﬁH%“}% ‘?ﬁ?‘itf’é’@%iq\ée@wr? ‘%‘ﬁé"% SRRty paba temperhinol s di | ut ed
Wi th a suitetirer 05Ckudrdom empéretusd)h gef@abﬁftalny‘tboxﬁhh&ﬁ ten@@ﬂtdr&erﬁwoﬂipduﬁ@bﬂ ds

are coll of Structure 64 thus

pr oduceg g%{ I o%’glq@l&a%a%#%&oﬁcﬁ&g&%y re&%ﬁ‘?péé ggnél hr omat ogr aphy by
using a preparative C18 colum. The |inear 25 hexapeptlde 64 is then
treated under THRPresnt iventinnariess aise togaipcessiforthe prepeatonsidialcbugonnd ofites ar t |

that can ifpguge thiols to forma disulfide bond. Accordingly a dilute
aqueous solution of 64 is adjusted 8.0 using a noderately weak

i norgani c base, preferably a rUm hydr 6xi de, —ane~fhen oxygen was bubbl ed
into the solution until gheeq cllzatlo- fs j udged to(%éaﬁonplete usi ng

| of the reaction
e (I -Z= S-S

st andard net hods, for ex rrp e TLC or ‘ After renov
sol vents by 30 | yophl | 1'i zgtion, the cr ol cy8I I Cogpept i
i fifBY by reversed phase

prepared and isolated in thls er,<
chr omat ogr aphy by usi ng a e*r?ar (Y Cl \;:jhjrm U Ll ar conditions
to those described hereigf Nt%mnéct on Reac f

g on Schenes H and
|, the resin bound |inear pept Hdes as i i Reaction Schenes 0
and P, are deprotected and QI aved frorﬂth ppor to give the

i near pepti des 65-70 28 Febr ua@y 2005 WO 0 Hi37 PCTI EP01109630 -53
(Reaction Schenme 0), which are then oxidativel cycl i zed, as described
above, to give the corresponding conpounds NHJcture 1 (Reaction Schene
P). The Fnoc-am o acids used in the preparation of the pepti'des descri bed
above, as whetein Rigo R'hangs @ Bffiand Zagen defired dbivebg fanatiesofiudatan bodd @ap t he
pol ype%'@ﬁ’sﬁ]ﬁﬂéﬁoxﬁ‘ﬁ‘@ﬂe%g i e bRl 1318 fQEHET Cial |y available. The

I ng

Frnoc-am no adds 12, inc Its specl es, conpound of

Pharmaceutical Compositions

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



Structure 13, used in Reaction Schene B, are prepared %%f'?l SCri %ﬁg her ei n
by methods that are well known to those of ordinary s eBruary kE0%r act i ce
of organic chem 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 g ks are the Structure 12 and Structure 13crfPoiabse SO are
prepared in 10 the sanme way as the species of Structure 75 as outlined in
t he procedure of Scheme Q The 4- pherdzl-cydohexanones of Structure 71 are

converted to the hydantoins of Structure 72 by treatnent with amoni um
car bonat e Redemientaeny parsoayhifledia themrtby bringingshe ompoundsas desatibeyd abews ri ed out

i n agueousy @ cdThbihdtioR with ofhel BIERPEARdMMPyaRiable s RanCes Gndon A8nbnistrati

pr ef er abl yfﬁggttm\z%?n S0 C@nd 90 C. .Direct )ﬁ‘;dr | ysi s@gﬁ‘s #{ggn%%ﬁstﬁgrlﬁg to
the ami no ‘ST &G Y8H WEpRIR 8ori04s edfically sopmagiRie ¢ 3%1;'@1#‘3%%%
strong basmaterfiaby anéxifidesired, wiiahplatinsediidcahadiydnnxi de sol ution or w th barium
hydr oxi de at reflux tenperature. Alternatively, conpounds of Structure 72
can begsconvek lSiz ' v es. of e ction
is carr ised out?’ Eiﬁé}}ic‘éxr%eﬁﬁa&hﬁla%ﬁogﬁggﬁ%%%F}%F %%geg%%’%ﬁal%ﬁﬂ%%r Sol vent,
pr ef er abl ;Fni‘t@ffallsahydr ofuran (THP), in the presence of an»organic am ne
base, preferably TEA and a catal yst, 4-di nethyl axni nopyridi ne 20 ( DVAP) at
a tenperatur elh:ﬁalf;mlnb 'Htezsapﬁsdgﬁﬁﬁ&ﬁﬁetﬁ% drplenilefing badnts amsi@ﬂéﬁ‘&érﬂilﬁ@mvﬁlgat rogm
tenperature, The bis-Boc. antojns of Structure 74 are rgeadi converte
o The. am e i TpbREoR SR BB eyt e Gep B e e SR b R o1 ng | N
sodi um hy delpkilighas, icolomntsiand maskiny agents and prtiekidnetbtomadntredbohsdegionane ( DVE) at
from zgpo MlegEREsichiQdRafs. Preferably at about room tenperature.
Protection of the amhno Ftsuncti onality with an Fnoc group in a conpound of
25 Structure i,s carried out under ariety of reaction conditions to
gi ve the conp%gﬁﬁf’saﬁe of Ge.cropeings ?S‘?‘?ﬁﬁﬂ%ﬁ a#;%"elc%"aﬁffé?éh-%r‘f‘il Bidgpeadingioas of
t he conpouheldishse$d beiadntobed] the agdwnd theimdividual wRYiticn ofhe barht sndhke pedd & med

by treat - ol yt.on-of the amno.acid.73.in a mxtureof THE or
i oxane, | poiieBol Yok Ae Sl 18 o BB ALty e P
f | uor eny hreesehitox pduit pasients o dathytdosagEafabCh) 1 mig taztioa N8P ag. espedidly ibamtile sgdo

degr eesgst : : : -

A Ternati o o08 g SRR RStk Rl Lok ek Bk SR ERRAR b G adminiter |
added to dsGrndpsse Breverbdotigenditaci d 73 in aqueous acetonitrile
containing an organic tertiary am ne base, preferably TEA. The reaction is
run at from z€hopldegreetical prepaaionk esqyeniabtly @ntapt sbbat RB00ymg tprafahly 5-

t enper at ur %H f the procedure, DME is evaporated from
t he hydr olzggpg’rbrfia%?% E&fdn%ta%e %gg‘%\'/er sion of 74 to 73 and the reaction is
adjusted to -pH 11. The resulting solution of the

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



-sodiumsalt of 73 is then treated in situ with FnocOSu Fnocd. jn di oxane
at a tenperature of 28 February 2005 WO 02/ 18437 PCT/ E@%ff@mm 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- ketxqpizpessrdi nes 77, and the cycl ohexanone deri yet/Emasecs® can be
converted to the corresponding flnoc-am no acids of Structures j-3,29 and
8Q all of which along with 73 form sufldgenera -of Structure 12 utilized in
Reaction Schepe B.. .5 I n Reactjon Schene t he conmpounds of Structure 73

where R4 rasficted it melanogeriin-dyreceptnra urthethe invientian rektes toetmethod frd  R3
i s hydr ogethe tiatinest aadior pesphglal dﬂdfswése,vlﬁa] arEBYocked WARERE R0~ Qeaéﬂwﬂ ation

~of the co d St r,u ture 81 awn i n Reacti hene re R16

repr esent ?cﬁwg%un%;%m Seﬁﬁg%ﬂ}ﬂ?%ﬁ a ‘?“%ﬁ%atboﬁerfoa?u% g out
by using aor apithaldlhye camkﬁythndlaaﬂemj:eadly ustfolfot the &eﬁhﬁiﬂah:dﬂepmphﬂm gfiobesitpce of
an al kaki t: gﬂ@f A onate
The al k%/l 'Jf:ﬁael nﬁ&{Q éa%ctﬁ%%m nrg)é?n%rgd?%gghﬂ eriva mgdsﬁy%{gg%r abl y an
al kyl |od|4fémbrﬁé30ﬁéé%9%ﬁ° Thikg inentiop efems tesamippundsras deftned shove fvratne #sner t

sol vent t hiitrapetidRitRe subbnels SRIRERAPM & RALE 20 subRin BXBPME BeRBREPNE,
b acetone, at at erature

2- but anone N. di,ne | for mde prefera

of from rc%‘ﬁ{"c'é’ﬁ‘t?@?’lé’?ﬁ?gén%éﬁse e psRate WQF‘EH‘@"?B'F4T‘HEP“-%F tIPEH
preferably the reflux tenperature. Wien R16 represents a 15 branched | ower
al kyl group, e.g., 2-propyl, the alkylation of the conpound of Structure 81
to produce the conmpound of Structure 82 is carried out by using a
seconddfy al kyl halide of Structure Rl6halide in the presence of an al kali
nmetal carbonate, e.g., potassium carbonate. The secondary al kyI haI ide is

preferably a Seeemndation wllibebetteddhdi@stoddBy reiRAR 18 thedoll

20° i ot gl YRPIAER Hercedhiste EfpioR ﬁﬁﬁ#ﬂ‘er%%rﬁn?ﬁ%%muﬁélk%éfmﬁéeiﬁr?ﬁéy "

reflex te mpmpamdsepmanngm the E:tampies sectiqn, diechydivigynsdtivesdeoerlly@éh dmitted for
4- Aryl cycl ghexanenes of Structure 71 which are the starting materials in
Reaction Schenme Q can be prepared by nethods that are well known to one of

o~

ordinary skill in the practice of organic chemstry. As outlined in Schene
S, tredtment of the aryl halides of Structure S3 where 25 X represents
bronp or iodo with an alkyl metal reagent, preferably t-butyl [ithium

results in a transnetalation reaction to give the corresponding aryl
I|th| um of Structure 84. The reaction is



conveniently carried out at -78 C by the addition of a _solution _of the

alkyl lithiuminto a solution of a conmpound of Structd?@*ﬁ%”%%zgﬂ%rt
anhydrous sol vent, such as diethyl ether or ‘tetrahydrof ran, preferably
tetrahydrofuran. The aryl lithiumof Structure 84 produced in this 30
manner, i s whesngpacted in situ wth a solution of the nmppekpiiabssef
cycl ohexane-1,4-dione (85) in an suitable inert solvent, for exanple
tetrahydrofuran, while the reaction t-gdperature is naintained below -60 C,
preferably at about -78 Ctd give the carbinols of Structure 86. The
compounds of Structure 87 are obtai nBEAMPIESe dehydration of the carbinols
of Structure 86. The reaction is conveniently carried out using a strong
organic acid catalyst, preferably p 35 toluenesulfonic acid in an inert
sol vent , fEXAMREED| e benzene or toluene, preferably benzene, at 28 February
2005 WO 02/ 18437 PCT/ EPOL/ 09630 -55 the reflux tenperature of the solvent.
The formed water is renoved fromthe reaction m xture by neans of a Dean
St ar k apparrm'oh@faﬁa@hanﬁlmwgf@&&écﬂwpc&%gmghﬁwﬁrmounds of
Structure 8% are produced by hydrogenation of thé olefins o tructure 87.
The reaction is conveniently carried out using a noble netal catalyst, for
exanpl e p%%ﬁﬁﬁun1on carbon, in a 5 hydrogen atnosphere in an inert
sol vent, for €xanple ethanol or ethyl acetate. The hydrogenation is
usual l ydcarried out at roomtenperature and 40 psi of hydrogen, however if
the aryl ring in Structure 87 contains a group prone to nydrogenolysis,
e.g., if R, 4 or FERaeprsants KaNdNHy).Ghe r gpe i R eNsW® i s kept at
about 5 psi. Conpo ) .nedl directly from
car bi nol s of Struct 7

' ' 5 e yﬁroxyl gr oup.
to In this reaction a solution of the conpound of Structge 96 (R3 = R4 =H
and RS = Ove) in an inert solvent, for exanple dichl gronmethane, is treated
with a Lewis acid, such as boron trifluoride etherate, and a reducing

agent; for exa e I ur f fro erQ_degrees
to roomte erg?h%é&&ﬁgﬁgégﬁh%gggﬁgg&%?éﬁ&gggﬁgi |§% ?%ﬂﬁypﬂéggﬁﬁ%ﬁnds of
St r uct ur e V8% §13veb) in palarenrewere botieovanddsded anmahinghcartmneted3%g, 844 inmgl, fat er i al
for React le@ﬂvﬁ]gm%@m@géﬁcyhﬂ&e {31608 2 BEndi NS LR 8L Rkl YaS REEISEsRI0 |

Structure t o ound of Structure, 12. The yreaction IS conveniently

carriedf 03% ?‘?r%’%ﬁseﬁvbﬁ 8‘5@#’[2@‘5‘8{‘ HirE e was F‘&eér"%l’ff V%&@’P%Wb pddredici d

cat al ysi s vigbmuslg fa3p htin Mhehiysihiag btevipitate aas shefion fitdral, Washes thofstighly wintii d at

O, QoTYREPRRS Bl A 4% SRS U1B Clook i SR b ©
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:

H ,
@—O’N\fo NaOH, H.O @_QNHZ
* % — s
#r-NH CO,H
6] .

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



5-Substituted-beta-tetral ones of Structure 76 shown in Reaction _Schene Q
which is the 20 starting material for preparing conpo@@d:qpru%y?gﬁ)@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 ¢ chewoshhass? ! n the present instance, conpounds of pSkipgldes:g 76 are
basically prepared by two nethods outlined in Reaction Schenmes T and U. As
shown in Scheme T, a 2- substituted hy@roci nnam c acid of Structure 90 is
‘converted to éhe correspondl ng car boxyl ic acid 25 chloride of Structure 91.

Thi's convéPlid @A scaiP0BeYieldr contagnipaied Wi inexgavia paliywhich es used direstly fas mexthy

treat nent s?:i) biagil Mb@@fﬂi@&ﬂiﬁﬁ@ Foainél whh &hﬂm?LﬁYﬁL@h‘}PMH@(DMml@nal | ytl n the
presence n Y. in.an iner

sol vent, 228ﬁ7gg'gg'§‘#§e7cn]@ ?{g)@? gﬁﬁﬁ"gr{ﬁ’f ﬂl"a'ﬂg 92+ Zplrgé?Jensg}eIl%df@ﬁ%’i‘%}Pé‘fihane
The react i1 (mayl) LedfSelettenplay) ma2ed 8d+ DUt Caldd for C,gipROat2ue.e of from zero
degrees to roomtenperature, preferably at roomtenperature. Alternatively
t he 30 gompound of Structure 90 is reacted with an acyl chloride formng
reagent such as sulfuryl chloride in an inert solvent, for exanple benzene
or tol uengF >p(;.r_ef erably toluene at a tenperature between\roomtenperature

to the rePfBX tenperature of the solution, preferably at the reflux
tenperature. The di azoketone of Structure 92 is prepared by treatnent of

the thus forned j; Nl-lgf St rggdder e 91 , t NHBimoent , e. g.,
/ of—a—frestim et hereal sol ution
- n@ﬂzﬂn FHoFEaleht s | €eopy carried out

di chl or onet hane ¢
of di azonet hane.
at ice bath tenperature and the reaction is then aIIovved to proceed at a
t enper at ure of ero
RN o ﬁigffﬁ?ﬁiﬁﬁmy“f%iiﬁ vl g
eaction [
furniskpt b@erf:ighf. ahe @ cién Rixhite Wi @néditrated t@FIBRE agxm, deRRai-Edwih b FRget at e
dieter in nert S(OHEB {{i ?)ro han he reaction is
nor mal |y E teyd“@d‘f P, %el"gﬂﬁ‘i‘? ‘E‘ﬁ’BFé urBe gognbined OFEBRICSETIHSES at ure of
the 5 sol m;lmquhrbdheawdaﬂryedaiveﬁmsmefﬂeﬁmmeﬂﬁe Balvent gave %WMuea‘v\v;]hxch
Structure,, e erein e
repr esentszpﬂllex\ﬁear or anc%&%}tggro%}rﬁa lE{d‘Agcrl%oup zgpé)ﬂd%ﬁ%?&)gp%rﬁ as shown
in Reacti BWOC'Séﬁé’r%(lﬁﬂfng?r% esmigiskdifor bro %M@@Cﬁ@m—ﬁﬁcﬂé@giﬁ %h Boedremre U,
the Cowomwﬁ{mw&e 77 m@te7fﬁé,ozmﬁmﬁ(mbf%ﬁh@@nlewmﬁiﬂwl
moi ety ar tmM); R85 &id 21]913’ BT C%i?l l%\él(r?:t, 'lf(i)nz(.)zs (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’ \




- 1o napht hal enedi ol of Structure 93 with a primary al kyl_ iodide or brom de,
‘preferably an iodide, in the presence of a base such 28 Fgbraank 2005 net al
carbonate, for exanple, sodiumor potassium -carbonate. The reaction naybe

carried out in an inert solvent, preferably N, N dinethylforma rnide at a
“tenper at ur ewaf o2figfa room tenperature to 100 C, preferabl peglppPaode The
conpounds of Structure 97 where R -"Ois a branched | ower al kyl are
prepared in two steps 15 fromthe 2-wetral one of Structure 94. The

tetral one of Structure 95 is subjected to dehydrogenation in the presence
of a nobl e met &lsokion piA{4-hydumxiiphenyatlobekianomer8 0, 2.3 6Gid)) inacetar(®@N) in a

suitabl e by bheb NG IV r t4 z
compound o) B Rt eiR GOl S IR § KPRkt ub @ RETH 2 £
O al | tyl atf@@olw eqviv). SR arnabonwasiheyied itédi’d evemight. hiftgrtieselveat wis renbade such
as an al kahd rellliclas ¢RuOAEE B0 REFLRLAR ik BROM F HOBA Gahls [N Sh 20 the
conpound of Structure 97. The reaction may be convenrently carried out in
an i ner® <Sembiapd and washqdayigiripe Nirigd @verdiabS P4 and ivamdetiaated inyvacwmplergisediee of
fromroom b ke ' l\ones
e PR g Syagiotaino EION, 118 o HAMRE A

of Struct s .76 _are _produced ructures

re
94 and 97%&%@}'2@= 684 1S 3@%&&3@33(991@%6@,,2-4%2-56&mgl)fﬁy2-ﬂ%éneﬁl)anéat al yzed
hydrol ysi 9,835 58 (ud, DB, IS RAGERONpREyF niR) 205 REOGT, Talchlte: ¢LRNBL J0ARL I 0N 1 S
conveniently carried out by the  portionw se addition of "a | arge excess of
an alkali netal, such as sodiumor potassium preferably sodium to a
boiling solution of the substrate in an | ower al cohol, preferably ethanol
until theSteparting material is consumed. The tetral ones of Structures 76
are obtained by treatnent of a solution of the isolated internedi ate enol
ethers with a strong acid catal yst, preferably p 30 tol uenesul i_loni c acid.
The hydrolysis ma conyen ent | yKGNa(NH, dOpHUL i n a g ur eof N- r
al cohol , pr efiéa “ ' Qnd—mbah-&t—MeNlBﬂ o A
tenperature and thE ={ t enper &U&Cof the sol utvVsh, prefefably at the
reflux tenperature. In preparing the conpounds of Structure 7Qutilized in
Reaction Schene Q as starting materials in producing theBconpounds of
formula 79 which are the Fnoc-am no acid species of 28 February 2005 WO

02/ 18437 -57 PIFd fR@hQFERQ- hBebOFPRHY-PloiRhttnk (5.66 4 18.9HR8015 arepmpd of
Structure (%8mf.)sang§veager ?I% n?l)sntz grgltatlssrigesg&g Engtltlgl,lwere-:r i‘ddﬁd ammonium carbonate (14.5 g,
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:

H _ . : Boc o
N-2° N
o i : “Boc

(8] 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



I's shown in Reaction Schenme V. In Reaction Schene V, cqonpounds of Structure
100 can be prepared by reactions that are knownper se.ZSEcﬁbr%H‘B@%, 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 Seleaiasdgy. The coupling reaction is catal yzed Byrapii@bdsg netal
catalyst, preferably tri(dibenzylideneacetone)dipalladium in the presence
of a chel ati ng phosphine 1ligand, pref&@rably tri-o-tolyl phosphine, and a
hi ndered al k%)éiad base such as sodiumtert- butoxide. The reaction is

conveni entay 4P BUELQAS (800 mideveshed wisk PN 3@ (3180 md.)satuzatédadrenys  sol vent
s u;:h as d im@nﬁ(lMO Tm) Mﬁﬂﬁ:%nemﬁf) m@%&%}r@&ﬁ?ﬁ%ﬁwﬁmmeé&%&ﬁm@ om 6P
o the to,reflux tepperature, ef er at . : al o e_car bony
prot ect i née{iélf%c{u"ﬁe‘?sﬁre’ WB&%@%OW&’IB‘?%%@P%@%&“EE g%\tﬁ‘r‘hmﬁ%f@i}}’can be
| Cﬁr ried odhexm;eP /BtOs; Y0310/ P/30Yb Fioelthe pibbls-BotOlertéin (018 a Whak shlidf2708 gani c f
chem stry. A ] i.Qn | eatnent of a
col Ut on ST AR HaoRT Chris Rl .83k P R avs e Ao dbeabha 5
2- but anon@) wid h3&(, Sl A8 elavtropray) neci3d (SEIMECONNa)Y, Galce fa TR A, 474.
hydrochloric acid at a tenperature of 15 fromroomtenperature to the
reflux tesppuature of the mxture, preferably at the reflux tenperature.

The conpound of Structure 100 when treated in this manner with an aqueous
mneral acid forms, in Reaction Schene V, the conpound of Structure 77. The

compound of Structure 77, afi°fenpnstrated in the di scussio ﬁ&

Reaction.Sche@e OF/R = late for the _cg -.\ > MG e 79

which is the ﬁgm gT_8dd faf ot ructure>r2 MpQr ~<E’o |o£ '_Egaction
is or |

f
Schene A, am no aci o TT Uft uBocs are known corpounds Wwh
| CH2 28 February. 2005 WO 02£18437 PCTI EP01/ 09630 -58- On the other hand,
amno acids of Structurds5 where R7 in RO is |ower al kyl, i.e., where R9
i's

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.



CH | ower al kyl are prepared froma conmpound of formula 101 via Reaction
Scheme V as follows: Reaction Scheme WO OH 1.2 equi v28B§Pain40833 o0 o
Bu4NN3, NaN3 acetonitrile Mes 106 0 H2021 LiOH THE/ H20 CH3 0 Mes 1. H2110%
Pd/C, MeOH ' OH 2. Frnoc- OSu, NaHCO3 - THF/ H20 Mes 5 10-9 104 28 February 2005

WO 02/ 18437 1109630 -59 As shown in Reaction Sche

3-net hyl (N F]‘POE%—}SI ts?ypt ophan 109 was prepared by using thg&#&lﬁ%é 0

previ ously described by Boteju, L.W .s8énger K, and Hruby, V.J. Tet.Lett.,
33, 7491 (1992). In the first step the nitrogen in trans-indole-3-acrylic
acid 101 iEBXAMPkEtted by conversion to the corresponding

nmesi tyl enesul fonam de 102. The reaction is carried out by treating the 5

i ndol e acipgeph@liowot Frth BXGRSS-4((2-thdafelyl) drcl HextheSRLHb bR Rid @hRlLY! or
aryl Iit h'ﬁé&;ﬁ%%?”t , for

Step 1:

om0 — w0l
5

A solution of 4-(4-hydroxyphenyl)cyclohexanone (5.0 g, 26.3 mmol) in acetone (100
mL) was treated with K2CO3(14.5 g, 105 mmol, 4 equiv) and iodoethane (10.5 mL, 20.5 g, 131
mmol, 5 equiv.). The reaction was heated at 65 °C overnight. After the solvent was Temoved,

" 10 the residue was treated with H,O and extracted with EtQOAc. The organic extracts were
combined and washed with brine, dried over Na;SO, and concentrated in vacuum to give the
spectroscopically pure 4-(4-ethoxyphenyl)-cyclohexanone (5.74 g, 100 %). "H NMR (CDCl3)
7.15 (dt, 2H), 6.86 (dt, 2H), 4.02 (q, 2, 2.99 (it, 1H), 2.46-2.54 (m, 4H), 2.16-2.24 (m, 2H),
1.83-2.00 (m, 2H) and 1.41 (t, 3H); MS (electrospray) m/e, 219 (M+1)*, Caled for C14H;30,,

. 15 218

Step 2:
e
oo (Dm0 —= w00
'7rNH
' 0
' 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.



exanpl e phenyl lithium or n- butyl I |th| um pr ef er abl y n- butyI lithiumin an
inert solvent, preferably tetrahydrofuran, at a tenper2tffbEuasy 209%m -40 C
to about -100 C, nobst conveniently at -78 C: Wile the reaction is

mai nt ai ned at about -78 C, the fornmed dilithiated species is then reacted
w th mesitykapesydsionyl chloride to furnish the nesityl ei‘ﬁﬁﬂ“hﬁ%f!}i de 102.
The N 1o protected indole acrylic acid 102 is then coupled wt e chiral
auxiliary (R)-4- phenyl - oxazolidinowe-(preparation see Nicolas et al., 1I.
O g Chem 1993, 58/ 766 770.)as its N-lithiated species 104 to give t he
chiral acr%’iﬂh?n de 105. The coupling was acconplished via a m xed anhydride
formed from102. To formthe m xed anhydride 103 the N-protected indole
acrylic acid 102 was reacted th a suitable acyl chlori dg for exanple t
-butyl chl or of or mat g 2 #\A hl or obenzoyl c¢hlori de Oy p| wal oyl

chl oride, pref gtge or lde—i gt HgoRL# AN tertlary

am ne base, for exa = Nﬂn ne or d isoprg é preferably
triethylannine. The criteria @ghat nake possi bl e the choi cefof §°QU| tabl e
acyl chloride to formthgy anhydride 103 are well| est Ilsﬂed and are known
by one of ordinary skill 1n organic chemstry. The anfhydride formation is
run in an inerII‘BsoI vent, for exanple tetrahydrofuran at an initial 20

tenperat ure of DafiBERIOnSthedydapioin %42§|ge¥4é5ayn9l)mdra%ﬁt(lﬂwmerer he
reaction iadde dJ-OMBUu lthaQIﬁbdafé (gggrglg,ghso @indll2. Pe m{,ﬁ,e g)gﬁv\p@fgn- -78 C

doCd bl The f d drid
103 15 T naff B saind Bed DRt L ans 073 wrpodin wc‘#%f:ﬂq? W P e °
phenyl - ﬁ dlaadditiod) thoreectic®dyripd into @ dsdryeﬂmeqahﬂueﬁl aﬁxywésrsﬁﬂécl dSl@I'rﬁ.glﬁ @tl rdbion of
R) - 4- phe agfp L%
(R -4-p C@)%ﬂ':xﬁe%at% #egél:{?)(ﬂ%'ﬁxﬁjg {4 cogc%ﬁll.;r tgc? n erreggceg nﬁyae%dasah%}l%gll or

tetrahydr ar amount

aryl lit h|‘”{i‘ﬁ$h%‘é?§§h‘ﬁP mﬂ%s@Aék%mpﬂé yasbed with m H@Mmh),mwteﬂ aitdoizum
pr ef er abl WaneOs {2kbb inl Pandbine (@Md@@)r i MSh d:&&errmh%o LA ALy 2

terrperature of bet wee zero deg ree ferably at about -78 C.
P oLt E B it U Pl v paOeA b opeoags | o
out at an (hexude/ROAL,SOPOFERHO/I0P tOFivd1BE Y@ Bis-Bbe BydanfiIE 464 @hltéi@ﬁd@@ﬁ

pr ef er abl ts onhi ned t he
reaction gé‘%o%@’%}@ p%@&gﬁs eésﬂd?@tﬁg P&E‘bgg{n’o‘f”g o> (h3Hgand,
room t enpdBi{sfl); NS Efetrakiryy) at/e 99OME-Nado Gultdfop SiEEM.©;, 48he hi ghl i ght of
the transformation of the chiral acrylamde 105 into 106, is the
control | edteggneration of the two new contiguous chiral centers present in
106.” The reaction involves the stereoselective 1,4- conjugate addition
(M chael addition) of a thyI cuprate, 35 fornmed in situ from cuprous
br om de- di net h | sul f| de bex and net hyl nmagnesi um brq\rﬁllgmbc

_ RO t

O E

-

i TOH

Cmmn

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



- 28 Febr uary 2005 WO 02/ 18437 PCT/ EPO1/ 09630 60 to the M cheal accept or,
~the o, D-unsaturated carbonyl system present in 3.05. THS Fedyuary 26

nmetal -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 ch@gloagi@ytion, the incorporation of the bronoy /RPEh 09630
stereosel ective, controlled by the bul ky phenyl group on t |ra
auxiliary 5 which effectively shields7he si face of both the c

-unsat ur ated acyl oxazol i di none system and the internedi-ate netal -chel at ed

enol at e f rromified thaerighfiashrohiaredsograghy CHyEHMeOHT 68/pOpA0Etotgive thm;ﬁtrhmbdm prate,

a solutio DRSS

sol ution r}J(])J](‘P(Iccu rous(:ét%“3 gwﬁ(%%{h?%})ﬁdgbﬁﬁgﬁ ﬁ& df'}‘ ﬁ% an |nert

sol vent , fQM@céﬁp?%s@om Ryt (d, §HD=f 14Qdtdo?H) éﬁﬁéﬁyﬂi)@?&lédﬁ%rﬁe&ﬁddﬁ)y a

m xture teg7gefEhhedn 09e § SR Mg(d&&o@&aﬁw&mWymcaffoﬂ@ melweass, - 78 C
and roomtenperature, preferably at -4°C. Instead of net hyP maghesi um
brom de, any | ower al kyl brom de can be added to form R 7 where R1l7 is a

| ower afk group other than nmethyl. To this fornmed solution of methyl
cuprate, is added in situ a solution of the ec,D unsatunated

acyl oxazolBXAMBEEA 105 in an inert sol vent, preferably tetrahydrofnran. The
met hyl cuprate addition is run initially at a tenperature of between -30'C
and room ﬁeﬁaﬁﬂbﬂfoﬁ}?ﬁb@l affied-8{ 8By droRfphery)ey Bohdxdnda Nealoxlid RYEEMLR4Pr OCeed
at roomt é When it is judged that the reaction is conpleted
(e.g. anal i k/![STLC or HPLC), it is then cooled to a tenperature of
between --100 C and -40 C, preferably at about -78 C, whereupon a solution
of a hal ogapelti ng agent, preferably N-bronosuccinimde in an inert solvent,
for exanpl e, tetrahydrofuran is added. The reaction is then allowed to
proceed at a tenperature hetqpeen 0 20 C and e eﬂ e, preferably
at about room t enpHOe =0 ft-ers HIgaH Drohi de 106. The
bromde is the displac y 1 e rsion of
configuration. This transformation is acconplished by reection of the
brom déd 106 with tetra- butyl ammoni um azide in the If)resence of excess
sodium azide in an inert solvent, for exanple acetonitrile to give the

azi de 107. TheToeaduﬁmf%(dem}&nﬂ)cydmhmaramﬁﬂ @0 b B Atoinnod) infeﬂneﬁolsmn 25
80 C and r, eﬂ%e ment
of 107 angﬂ%%};& {lﬁtn#g r%%?éyo %v%%%gae e SO ?%E%ﬁfb%h L%nng‘ﬁ

i thium hyIRelx$ ey )mnéfp@]aa&wp? qun!.(flm(bﬁ? g, 15.8 munol, 15eqmv) The mlxturewasheated

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.

AT

1
4
i

Step 2:
H
b s
/a Co.H
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



hydr oxi de i.n the presence of hydrogen peroxide resulted in the hydrolysis
of the chiral auxilliary to give the azido acid 108. ?6@5 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-aziz@naghse 108 gives the P-nethyl (Non-Mes)trypt gphapoibdseh 1S

I mredi ately converted to the corresponding

N(a) - Fnoc- p- net hyl (Ni n- Mes) trypt ophan-7189. The hydrogenati on of 108 s
~carried out over a noble netal catal preferably 10% Pd/C, in an inert
sol vent , f&H%epaﬁh?FéWbﬁNMé?lalik@ﬁ@%lwdéfceﬂbmhﬁtgdmmmmaﬁh)lw/ pressur e(

< 2 at nos)(eiams@ay)r,@@ggg@mmtgg&for@gamormoval of the catalyst by
filtration, the volatiles are renoved and the product is dissolved in an 35

I nert soI N, for exanple tetrahydrofaran or water, preferably a mxture
t her eof an&’ freated with a mld inorganic base, f or exanpl e an al kal i
nmetal bicarbonate, preferably sodium 28 February 2005 WO 02/18437 -61
PCT/ EPO1/ 09630 bi car : gNHz Fnoc N- g N Finwm ng reagent,
for exanple 9-fl T
9-f | uor enyl et hyl - AyEOgthr bonat e ( C&aﬂf erably Fnoc- Csu
to furnish 109. The reaction is conveniently run at a terrperature of

bet weens 0 C antih¢ @ade 1-aaRRL Al AhRiroRpRédT)&RloYedhe SRBMKY &9170411@6}1@&)3&&59 The
conmpound %f& 5 form 109 is ds @gl es of ngm ng acid Structureé 5 1n
Reacti on SeHEME &apFLR ) @pd aggtegps 1[00/0 Nafr@dedwlipad t he
pr epar at i etirrefvigorawslymyemishof Thdleacﬁbﬁmﬂxtbﬁ wabcoreirtrated toremovelfoxdft! 2) P Y H

neutralized with 6N HCI to slightly acidic (pH 5-6) and extracted with EtOAc. The combined

organic extracts were washed with brine and dried over Na;SO,. Removal of the solvent gave the

10 crude product which was purified on flash chromatography (hexane/EtOAc to CH,Cl,/MeOH)

to give pure Fmoc-4-HOAPC (2.76 g, 75% overall yield for two steps). "H NMR(CDsOD), 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 ngHgyNOs, 457,

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

Step 1z

om0 — DOm0

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,

20

25 the residue was treated with H,O and extracted with BtOAc. The organic extracts were
combined and washed with brine, dried over Na,SO4 4nd concentrated in vacuum to give the
spectroscopically pure 4-(4-isopropoxyphenyl)cyciohexanone (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).



0-1 KO NHI wherein R to R2, m p, Q X Y and Z are Igs def i ned above
by formation of a lactambond or a in disulfide bond aﬁgt%“@yﬁ%ﬁtion of
t he precursor |inear peptides. Pharmaceutical Conpositions The present
i nvention also refers to pharmaceutical conpositions conprising conpounds
as defined glppsgsand a therapeutical inert carrier. 15 Thergpsthospds of
formulas | and Il as well as Penta-cycl o(Asp-Lys) - Asp- Apc- ( D) Phe-

Al a- Tr p- Lys- NH2; and Pent a- cycl o( Asp--lzgs) - Asp--Apc- ( D) Phe- Arg- (2S, 3S) beta
met hyl - Trp- Lys-NHH prepared in accordance with this invention maybe
prepared in pharnmaceutical conpositions suitable for admnistration or
~inhalation with a suitable carrier or vehicle by 20 nethods known in the
art. The cmpmunds as described above can be used as nedicanents, e.g. in
the formof pharnaceutical preparations, e.g. for parenteral .

adm ni stration. They can be adm nistered, for, exanple, parenterally, e.g.
in the formof iuojgctiqasolytions or infusign solutions. The groduction of
t he phar maceutical Y} =@ ' e gifect : ich will 28
February 2005 WD 02/ 18%23 YLEPOT7 09630 -62 De \auA | iQ person
skilled in the art by bringing the conpounds as descri bed %Eove,
optionally in combination with other therapeutically galuable substances,
into an adm nistration formtogether with suitable, non-toxic, inert,

desi red. - usual tBRATPREL e &l L ithr Bt e srathemating (b2 SPrBilbs ol ¢ are
not onl§y ie_ﬂmp@é?ﬂ wliard water (Ahnd) inad ghss fressura bstle pir@eunided axdfrionitin eabdiatel S.
e T el L Eope S0 1 A S S i,
t he osnot &S b?rlgeg@h%, 0 ‘Eﬁ%r &4 hrs Blg cenled tractionahigriire wasendded to ddyovagen{ 400ami)
maski ng ageditiredRifofstisly @ JWaRh STHQERI D bRIpAMNS WILLRL MRS, washed
: thoroughly with water and dried to yield hydantoin G as a white solid (6.60 g, 99% yield). 'H
10 NMR (DMSO-de): 10.60 (s, 1H), 8.65 (s, 1H), 7.18 (d, 2H), 6.80 (d, 2H), 4.52 (septet, 1H), 2.43
(m, 1H), 1.85-2.15 (m, 2H), 1.56-1.80 (m, 6H) and 1.22 (d, 6H); MS (electrospray) m/e 301 (M-
H), Caled for C,7H2,N.0s, 302.

Step 3:

Boc
H o N0
$O-Oft— OO

c{]’ 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,



10 pharmaceutical adjuvants. The dosage of the conpoun descri bed above
can vary within wide limts depending on the disease &%%{i’r%ﬁgpgﬁled, 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 syd ¢3188¢h particular case. For adult patient $c@gpfflbdsedosage of
about | ng to about 1000 ng, especially about 10 ng to 15 about 500 ny,
- comes into consideration. Depending em3the dosage it is convenient to
adm nister__the daily dosage in several dosage units. The pharnaceuti cal
prepar at i ¢Fi 268rAd{nb A1 Toh8tinn 2HhdAS (595001 4t 35D ehe 1 38 (sy95); MBOO ny, of
a conpoundedafosess /besh @ROYR)*, Elcd fp el I, B)esly The conpounds prepared in
accordance with this invention exhibited selective MC-4 receptor agoni st
activity invitro. It is known that agonists of MCA-R activity cause
reduction of food intake in a nouse nodel of human obesity. Therefore
adm ni stration of these conpounds agonizes MZA-R activity which is
i nport ant Ste4t he regul ati on of body weight. The 25 pharnaceuti cal
conpositions containing the conpounds of this invention nmaybe fornul ated at
a strength effegtive for admpggestrati on by various neans:to a human or
ani mal pati eru—g)ex ' Fog Wndgsirably el ed haody wei ghjyHFRidder al one
a

or as part of ( fca candifiygn Oripdi¢? ‘ as type II
di abetes nellitus. \A=Y BENadni ni strative t exksd qui e used
Average quantities of the act§ve ound may vary and in part?cul ar should

be based 30 upon the recommendati ons and prescription of a qualified
physicial or veterinaridh. Accordingly, the present invention also relates
to the use of conmpounds as defined above for the preparation of

medi canent s f OfhebiseBéd ledbatBintH QEL g08. 6 DmaRIMYkAMisSoltld ifl DMREOS mificdived € 28
February 039%0 onOZIL lt%fls?é?l ECT/ EP%M&O HG? a S%R%ﬁ{oﬁd oy th |
nel anocor [n-él-re(':ep"t or G PV aPH (73wl Gid thereacin v o
net hod f ostirredipserpighbbatireorn tampubtauregidndw faily deanhixtire CHPEE shidWed Borapletion
associ at egemb LRH3R! FHOFALE r},]#ﬁ LY j.ch nethod c i ses
adm ni stering a con]:)oune%&?éil e #ﬁg%gg%%@%&? %h%de%er%n erng I[oorre ani . The
conpoutfds 23 EredgsbitaERY. Watout puriicationethe resulting nquegndiysr cpitping Lasiiso-of
obesity. 4-(4-isopropoxyphenyl)cyclohexane 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/EtQAc>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,



5 The invention also refers to a conpound as defined above when

manuf actured by a process as described above. |n addi t4%fekrwYi2@02nt i on
refers to conpounds as defined above for use:as therapeutic active
substances, particularly as therapeutic active substances fO'the treatnent
and/ or propRyd @xkH,0f di seases which are associ ated W t hpormepoi96s

nmel anocortin-4-receptor, e.g. obesity. 10 This invention mﬁ@r Be %etter
understood by reference to the foll owyag exanples, which illustrate but do
not limt the invention described herein. In the structures of specific

conpounds EHgMBEEGg i n t he Exanpl es section, the hydrogens have generally
.been omtted for convenience. 15 28 February 2005 WO 02/ 18437

PCT/ EPOl/qggp’gg i OMELE ' - e ne-,4-hen 1
¢l ohexane-| —ear (b)géfl iﬁc ac:_%n{&%cf-% %@%ﬁﬁgﬁoﬁ%ﬁ@? %&%’%CW'% a

sol uti on AMeARHER)| cydohexanone (10.0 g, 57.5 nmmol) in ethanol (100 nilL)
and watergn33 n2L) in a glass pressure bottle, were added ammoni um
carbonate (33 g, 344 mol, 6 equiv.) and potassiumcyanide (5.6 g, 86.2
mol, 1.5 equiv.). The nixture was heated at 80-90 10 C for M& hrs. The
cool ed reaction nmixture was added to icy water (400 ni)" tirred

vigorously for 30 mapa—The resultin reci pitate was suct iltered,
washed t hor oughl pméeq. qmg_@d._ﬁo_w_e;d 2 ATOIN A as a white
solid (14.0 g, 100%W~€l@gy- 1H NWR 5O d6): 8. 7.23-7.36 (m
4y, 7.15 (m 1), 2.50 (m 1H), 2.10 (m 1H), 1.85 1.55-1. 80
(n, 6H)s 15 Step . 2: !
To a solution of 4-iodotoluene (10.9 g, 50.0 mmol) in dry THF (180 mL) at -78 °C was
added 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 CsHz005, 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. '



NaO-l The hydant oin A (10 0 g) was suspended i n aqueous_ NaOH (6N 350 m.)
and heated at 20 130 C for 2-3 days. Upon the conpl et |28 ebruarn @005
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 wadrser no-4 -henyl cydohexane carboxylic aci @ctpPfeodd a white
28 February 2005 WO 02/ 18437 -65 PCT/ EP01/ 09630 solid (25 g, >100 %yi el d.
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) :
7.23-7.7.35 (m2), 7.10-7.19 (m 3H), 2.45 (m1H),1.92-2.18 (na, 3H),
1.56-1. 78@ 3.4H) and 1.20 (xn,1H); LRVS (el ectrospray) W 220 (Ml)+,
Cal cd for CI3HL7NC2, 219 5 Step 3: ' CO2H di oxane, H20 The crude
1- am no- 4- phenyl cyc cAFDEXYl i ¢ aci deW e |ast step (25 Q)
was suspended in di ﬂ-‘@: t@ ﬁ'ﬁd‘moﬁ } Mes0 M) and
stirred vigorously 10“overni ght. The reacti orPm<xture Wds concentrated to
"renmove di oxane, neutrali zedevlth 6N HC1L to sli ghtl)is\:m dic (pH 5-6) and
extracted with Et OAC The conbi ned organi c extracts re washed with brine
and dried over enoval of the solvent gave the cnude product which

was then puri fT‘éﬂs }x,thq §1FF‘ﬂ?ﬁ“dr%ﬁ%@r%ﬁ%‘(@é&@%ﬂ@@@EQJCC'HE%ZJQI\/EO—D to
gi ve pus e carb® @00 i) ARAGhE AeBctDdnGvas A RHAVES sioﬂi')_r'&ﬂo Jf@fSEMtr%Bﬁlps) and

Frmoa-tran APC - 79 (d, 2H),
7.72 (d, 3’7“??7}'??““%“/9“‘1‘ @3“’3 é‘?“‘g the ae ‘Yasf&ﬂ%n%te E‘i’%ﬁ“’eﬁ% 4.( 37 (5?
2H), 4.24 s;(emosj;bplgauz pbEe product Kps 2 dlaRss(oil (mﬁg,, 100%4ield) IS (M) #izd D32 a0,

1.64-1.73 Preparati on of
Frmoc- | - arlﬁf'“(ndg‘kzgjd‘{%2 ?%?55 %zﬂ%c ohexane- | - carboxylic acid (Frnoc-4-
McQApc- OH)

* 10 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

15  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.



- KCN, (NH4)2C33 I\/EO E H2(B\To a sol ution
4- (4- et hoxyphenyl) JheXengieMes go>y, Me
and water (15 nl) |n a gl ass pressure bottle,

Step 1: Mel, Na2CO3 25 acetone, reflux’ M 28 February 2005 WO 02/18437

PCT/ EPO1/ 09630 - 66 A sol uti on of 4- (4- hydroxyphenyl ) cycd8rRbiaansRe0%5. 0 g,
26.3 nmmol) in acetone (100 nlL) was treated with K2CO3 (14.5 g, 105 mmol, 4
equiv) and iodonethane (4.9 nm., 11.2 g, 78.6 mmol, 3 equiv.). The reaction
was heat ed sto @asf37overni ght. After the sol vent was renoyegrpoidd&oer €si due
was treated with H70 and extracted with Et OAc. The organic extracts were 5

conbi ned and washed with brine, dried7ver Na2SO4 and concentrated in

vacuumto ge@v.f the spectroscopically pure 4(4-nmet hoxyphenyl)-cycl ohexanone
(5.34 g, . 1H NVR(CDC13) 7.16 (dt, 2H), 6.87 (dt, 2H), 3.78 (s,
311), 2.99 (tt, iL), 2.47-2.53 (m 4IT), 2.20 (m 2H) and 1.83-1.98 (m
2H); MS (el ectrospray) rﬂe, 205 (M+1)}, Calcd for ClSHls(HZ 604. 10 Step 2:

?e O efpfgpgnol (30 ni)

®BYe adtdd/Amoni um car bonat e
(14.5 g, 151 mmol, 8 equiv.) and potassium cyanide (2. g, 30.7 mol, 1.6
equiv..). The m xture was 15 heated at 80-90 C for 28 hrs. The cool ed
reaction m xture was added to icy water (300 m) and stixrved vi gorously

for 30 mn. Thg‘o%@ﬂﬁh&ﬂéﬂ @tﬁ&hﬁpﬁ&&ﬁqmﬁaéﬂﬁe'(%z glzbts%ﬁsbm
t hor oughl edtogﬁldthehdantom as a |te solid

(4.75 g, h&ﬁaﬁ’f DresSpe Peppninmpognginl6.3 g

C151118N2089. 8 thidol, Sy, )3md paﬁssﬁml cyanide (3.68 g, 56.5 mmol, 2 equiv.). 'The mixture was
heated at 80-90 °C overnight. The cooled reaction mixture was added to icy water (400 ml) and
stirred vigorously for 30 min. The resulting precipitate was suction filtered, washed thoroughly
with water and dried to yield the hydantoin L as a white solid (6.3 g, 86% yield). MS '
(electrospray) m/e 517 (2M+H), Caled for CisHigCIN,O,, 258

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).



MeO C To a suspensmn of the hydant oi n B (18.7 g, 68.25 nmol) in dry THE
(450 m) were added di-tert-butyl dicarbonate (37.2 g, 28IFRbreant?865 2.5
equiv), triethylamne (10.5 nm., 7.59 g, 75.0 mvl, 1.1 equiv) and DVAP
(460 ngy, 3.65 mmol) in succession. About 15 mnutes after the addition,

t he reacti ofyd¢fpRe i nto a dear yellow solution and was %lr;ﬂ,@l%g% yer ni ght
at room 25 tenperature. The reaction m xture was concentrated un reduced

pressure to yield a-solid that 28 Febymary 2005 WO 02/ 18437 -67

PCT/ EP01/ 09630 was then taken up in EtOAc (800 nlL), washed with I N HCl
(3x50 nlL) Stepdeurat ed aqueous Na2CO3 (2x50 nl) and brine (2x50 ml), dried
over anhydrous Na2SO4 and concentrated under reduced pressure. The crude
i ght yell ow product was puri 'i;ogd t hrough flash chromat ography

(hexane/ Et OAc, 901104Z£01 i t he pure bi 0 r‘?ﬁrﬂl%as a white
solld(276g, ' ' ‘ 3)_L&8.|2Q C 3.79
(s, 3H, 2.14-2. 24 A
(el ectrospray) me 538 (M-MeCH Na ¢  calcd for C25H34N2 , 474. Step 4:
MeO C ---0 MO The bi S_BQIC hydantoin ¢ (15.08 g, 31.78 ) was dissol ved
in DVE (500 nmL) to give io clear solution. To this solution was added IN
NaCH (290 nmlL, 290 mmol) and the reaction was stirred overnight at room
tenperature, gikebhigBec diag:hb:\ll\ﬁ(@4031d§9mnnttﬂ|}wd}iﬁ{sﬁkfdiam&mmmrt@gﬁrm of

to: ?gﬁgtvEEB"SﬁQﬁ%rg@t&‘???’tﬁé‘gﬁ B BENGODETAN o, B i end RONERRLET 0y
aqueous® | é%q?\é%vé'@‘ﬁ ?Wﬂ'@t@%tﬁ’&&wgla%hﬂbﬂmméymk%@@m car boxylic
acid (4- %@ﬁ@oﬂﬁ&h&ﬂeﬁﬁ%ﬁ@ﬁeﬁeﬂ&bﬂnﬁﬂn@% béhcastritsd uldifrelhtell Qrbdirde: 1O

Pi noc- O e P snbiebe il 920 Reeanion, e detias sgaeet 1 uas
stirred QMEﬂng htanaho-ﬂdé-rmdﬂg&pj:enﬁlqm&exéﬁt&afbeﬁﬂw aeid (SANKAPOR waBSeated
conc e‘l-nt r at,ef sNH8I o E&qg'ﬁﬁe%f{oeﬁ-sﬁr ©To this solution (~140 mL) were added DME (240 mL.)
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 renove DME, acidified with 3N HC, extracted with Et OAc. The conbi ned
organic extracts were washed with brine, dried over ard®fRBuRYRAOSOL and
concentrated. The crude product was 20 purified through flash
chromat ography (CH2C12/ MeOH, 9812490110) to give the pure product
Fnoc- 4- MeOARfe @aissaa7White solid (12.4 g, 83 %yield from tphepbiGndec
hydantoin Q 1H NVR (DVSO-d6), 7.88 (d, 2H), 7.76 (d, 2H), 7.40 (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 C29H29NCG$, 471. 28 February 2005 WD 02/ 18437 - 68
EXAMPLE 3 gpdhesmedions aawopiwlses ketal (R0 $138.46 mmol) in dry THF (100 mL) was added

Froc- | - ami ggpvhse 4l REYSATBENM ot CHICNRX PARidn R GRS Witk ebk RIBET fid

Et OApc- OH) Step, 1 g - E%S_A sol ufi on of ST

4- (4- hydr ﬁ?ﬁ%{m S?E‘grcgo"ﬁ%%fée ined ergapicgxirasts wereashed with brine; &risd qveroo  ni)

\évgsSt reat1 gihzmhﬁ bor€2iEelled ihdadmogo gitOthe speeiroscpidlyl pie pacmitd de@@&G Tedselid @85 .,
.50, i . r t over,nl ght .

At er °t e SRR WPUSIR S0l 8 (AT, B3 et G 4R e et

ext r act ed W5t hS2HnQAED, e l.33 (pa k), k5a (sl )sMREER m/e28iMIz A5 hiM-Qls R3od Wi t h

brine, drimgg r;m_qiz‘@% opgentrated in vacuumto gihwve the

spectroscé%?glg?ﬁycpure E%gtlact%héﬁyphenyl ) - cycl ohexanone (\5. 74 g, 100 %9. 1H

NVR (CDC13) 7.15 (dt, 211), 6.86 (dt, 2H), 4.02 (qgq, 2H), 2.99 (tt, 111),

2.46-2.54 (m 4H), 2.16-2.24 (m 2H), 1.83-2.00 (m 2H and 1.41 (t, 311);

M5 (el ectrospray) We, 219 (M+l){, Calcd for Cl4H s, 15 218. Step 2: EtO
0 --- m EtSepk:

[;oé? — OO

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.



- To a solution of the 4-(4-ethoxyphenyl)-cycl ohexanone %ég;S g, 19.01 mmol)
in ethanol 20 (50 nL) and water (15 nL) in a glass pr &SSREIXYEOPE, 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 coglgggnggaction m xture was added to icy water E3PRpiilodsoand
stirred vigorously for 30 min. The resulting precipitate was suction
filtered, washed thoroughly wth wat@&-and dried to yield the hydantoin D
as a white solid (5.17 g, 94%vyield). M5 25 (electrospray) W 287 (MH),
Cal cd for C16H2N203i 288. 28 February 2005 WO 02118437 -69 Step 3: D

PCT/ EP01/ 09630 E, \ \ To a suspension of the hydantoin D (4.22 g, 14.65
mmol) in 8ep4THE (100 nl) were added di-tent-butyl dicarbonate (7.98 g,
36.60 nmmol, 2.5 equiv), triethylanrine (2.3 m, 1.63 g, 5 16.11 mmol, [.1
equiv) and DVAP (89.4 ng, 0.73 mmol ) in succession. About 15 m nutes after
the addition, the reaction turned into a clear yellow solution and was
stirred overnight at poom tenperature. The reaction mxture was
concentrated under fed ¢ reuto viel d a id 2 s then taken
up in EtOAc (300 nL)\.gshgd Wi t4 HC1( §X8¥jvaaqueous
Na2CO3 (2x20 nml) and E%ine (2x20 mL), dried over anhydrous Na2SO4 and
concentrat ed-under 10 reducgd pressure. The crude |ight yell ow product was
purified through flash chromatography (hexane/ Et QAc, 90/10370/30) to give

t he purge bis-Bpc da My a Lfe salid (7. 989 ., i H NVR
( CDC13)5:e 7.27 ‘? ﬁlﬁm’}}ﬁ’e&e@ ?5;%1, & gﬂ’é mﬁ“."gé” 6"5,‘0”’2 gé",oq’l?)éﬁas (%‘;‘te‘gﬂ‘—’bd?\li 43 (t,
3H) and tol@Sequtfoni6kjid muBol{ydfatc(B7 @mg) and hented 21GDIC(ORevmighY. Solvea wasirefroved
C26H36N207 g A8 Besiciizk fiik t&kegﬁg@z Bodk, J%Eﬁecmvﬁﬁ ﬁg&o@i\?’a%@bg)édihtﬁmﬁ GrimBakd ahd- 46
xnmol ) was di ssolved in 200 nlL) to give a
concentrated to give the crude product as a yellow oil (5.38 g, >100% yield). Purification
) through flash chromatography (heaxane/EtOAc, 80/20->60/40) provided 4-(4-
10 chlorophenyl)cyclohexanong as a light yellow oil (4.54 g, 95% yield). MS (EI) m/e 208 (M"),
Calcd fOl‘ 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



clear solution. To this solution was added IN NaOH (121 niL, 121 nmol) and
the reaction was stirred overnight at room tenperat ur &8 fgbviatyg 280%| i ght | 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
extracted w . Wthout purification, the resulting ayer
cont ai ni ngwﬁ(g%ﬁ%%?&(& et hoxyphenyl ) cycl ohexane car boxyrﬁg&g@?@ 3b4- Et CAPC)
was treated with 6N HC 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
mmmol ) in I§R?£6(30 niL) and the reaction was stirred overnight at room
~ tenperature. The reaction m xture was concentrated under reduced pressure
25 to renove DVE, acidified w 3N HCl, extracted with Bp@Ac. The conbi ned
- organic extracts wejequasipe tBObrine, Q nhyl Na2SO4 and
concentrated. Thele : 4 £
PCT/ EPO1/ 09630 70 pud ed W"flash chr omtseA gﬁ;& 12/ MeOH,
98/ 2-90/10) to give the pure oduct  Fnoc-4- Et OAPC as agwhi &Csol i d
- (5.56g, 85 %yield fromthe bis-Boc hydantoin E). 1H NMR (DVSO-d6), 7.88
(d, 2H), 7.74 (d, 2H), 7.8 (td, 2H), 7.30 (td, 2HR 7,11 (d, 2H), 6.84 (d,
2H), 3.97 (g, 2H) and 1.29 (t, 3H); MS (electrospray) nmMe 484 (MH, Calcd
for C30H31NO5, Td 8smspénsioXAehydantie RAGAL g018.50hmbly@cdry THF (250 ml) were

1-am no-4- (4- [ henyl ) ¢ exape- | --car boxyl.i.c. aci d -4- HOApc-
srop 1. 18 OB S AR el S PR R 208 g, 507
mol . ) dﬁdn(s&tiﬁmntql, 1(13Quivira)d BMAR(@2temg, (185 nvhdl) imsuecegions Fhepreasion nendbibto e,
wer e added ) : V. ssi um
cyanide (1.07 ‘g, fﬁ%ﬁ%&%?%@%ﬁ%&éﬁr .@#Hgommﬁx ufgnga%%#g%c?gé%&ggfgg}f% C
over ni ght cqnreniEatest widler wduset pressrsiiouiald avelid Hudwes then takep updin BFOAXAG0 L), and
stirred 1ﬁaﬁeﬂﬂﬁQQN'HCIf(QiSO?tﬂ.)maﬂlmtI@thfe@t%‘l‘h%bﬂg(ﬁ@xﬁtﬂntd%ﬁldﬁgo sHgtion

rje

filtered, ,washed thoroughly wih water .an to yield the hydaptoin F
as & whi t SOETPERaqhIdigS %{gzsé’a%ffﬁoefeawfeﬂ/sn %F@&%&gﬁf‘aﬁ) thwu%ggt A
Cal cd tor pfalidtihenpbieddbtbugh flash chromatography (hexane/EtOAc, 90/10->70/30) to give the
pure bis-Boc hydantoin 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:
B\oc
0
N\f NHFmoc
*Boc
r —r
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 2: HO 20 HO The hydantoin F (2.10 g, 8.06 rrrml) was suspended in
aqueous NaOH (6N, 100 mL) and heated at 130 C for 2-328dyebruannghoa he
conpl etion of the hydrolysis, the reaction mxture was neutralized wth
conc. to slightly acidic (pH6). The resulting slurry was filtered, 25

washed V\nth“;epog and dried to give 1-am no-4-(4-hydroxy %@Eﬁ” | ohexane
carboxylic aci gg February 2005 WO 02/ 18437 PCT/ EPO1/ 09% %&z‘(ﬁ HOAPC)
as a white solid (3.1 g, >100 % yielddleontam-nated with inorganic salt).

M5 (electrospray) W 236 (MrH)t, Calcd for C13HL7NGBi 235. Step 3: H5 The
crude 1- afrsisaverenashert widybrinenduiodoyed aohpdtowsdNan 30 dod porcentaased 'KM—CH@APC) from
the |ast %l‘@dﬁcﬁ\ﬁasémﬂﬁedv@ﬁ) M%%ﬁ% PYCHRIMESIYed->9 HoﬂG#ﬁQ‘Eh%r 10 %

Na2CO3 (5 stirre or.ous reaction was

ver
concent ratPEEFIEtI %ﬁ'ﬁ%*@%ﬁ“e“w}ﬁﬁdt’ 51‘)%60[75\%?9 ﬂd@ml%blﬁ'@f’sw@ﬁm &i dic
(PH 5-6) aIMR EBMS@cARY.88i(8,2EE] DAC(, TiNe7.50nhab (BKH)OL IRDBE (RXHREIS Wer e

1o crudb. ST AQE T SRCaToNEr o onmt ogr aphy  ( hexan B OAc

to CH2C121MeOH) to give pure Fnoc-4-HOAPC (2.76 g, 75%overall yield for
two steps). 1H NMR(CD3OD), 7.78 (d, 2H), 7.72 (d, 2H),» .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, 2Zxa#EAE¥ (m 2H) and 1.81-1.92 (m 6H); M (electrospray) W 456
(M H), Calcd for C28H27NChi 457. 15 EXAI\/PLE S Preparatl on of

P G o B PR S S S S DB bl 500+

I Pr OQApc
MeOApc-OH)

10 Step 1:

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:



Step 1: 20 A 'sol ution of 4- (4 hydroxyphenyl )cycl ohexanone (6.0 g, 31.6
mmol ) in DVF (90 nal) was treated with K2CO8 (21 g, 198 ary 80@ui 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 d extracted with Et OAc. The organic e t re

conbi ned an %OWE@?? d wth brine, dried over Na2SO4 and coﬁé@ﬁf"r@?ﬁ\é% I n
vacuumto give the spectroscopicallygpure .

4- (4-1sopropoxyphenyl ) cyccl ohexanone (7.02 g, 95 %9. xH NVR (CDC13): 7.14
(dt 2H), 6. 84rd slétirred &dﬁmmﬂof%e( SEIHoRS (5.4.)121.22 n@oif intdry CHYCI, 2086113 umdr (M

2005 WD o3PERAT Gt Bl iee i ey Bhegfiedia Scosssion m@mﬂs ane (102%"Y
er § 4-j 3 opmmpmg;ﬂgcsamin)a;@é@mmm bo®n ﬁﬁlubngeb etﬁk?temrmnj 4.1 g 1892 tan® (90
an | a e bottle, were adde
car bonat \é\@q"?‘rb&’é acups ikl ?%ﬁﬂf ava’dmﬁ?)f‘ﬁ’E%ﬁ Ry 8@“‘%’?‘)@§ g, 32.9
nt nol , . Shmsdefiore. yashehweitinl 0% uqumouw\ﬁglﬁb&ahﬁmaid}w GﬁcdbvbﬂNa28®4,hn6 The
cooled re n xture S edt wat er, (400. stirred
vi gor ousl §° : ?r ?g‘mgacuotﬂm@v ?‘fxyﬁedlaé? cofni?o’tuﬁa((? QT‘L%]&) dﬂvﬁ ered,
washed t hmﬁﬁtu ertttyypuwi fohdivat wse. Thid celrde @dertadiyicatad disyudendtio a(fbt(ﬁe QEBOan]sMand e
11, GBS VRS iy Sy
( rn 2H) , 1pi6@utt.280 thenpsidiwan diuttd S/2h (OAGH neMBalized Wit 41 NACRYHolifken 30 (M
, Caj,cd uspensi on_of

hydant 0| n ({E&%‘g?é%mg\%géﬁg@%@ EE(?RC gﬂd é%ﬁ%b%%r%ﬁ% e\’/\‘%?cés Wb 3’@‘8’% wfﬂg ent
butyl di ceaitgodriedend ¢@caBraigd. ABe Qespitin resitinG wasmitified by flashtdhdostdgrephy an 9 rnlL,
2.13 9. gilica gel (80/20->60/40) to give 4-(3-methoxyphenyl)cyclohexanone (3.67 g, 85% overall yield

) as a yellow oil, "H NMR (CDCls): 7.25 (dt, 1H), 6.75-6.86 (m, 3H), 3.81 (s, 3H), 3.00 (it, 1H);

MS (ED) m/e 204 (M), Caled for Cy3HiOs4, 204.

U

15

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.



21.12 mmol, 1.1 equiv) and DVAP (140 ngy, 1.15 rrrml) i n succession. About 15
mnutes after the addition, the reaction turned into &8diebgarydpiow
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 g%’%%mo m.) and brine (2x40 nL), dried ove%2 ffﬁ%]m;g%gis Na2SO4
and concentrated under reduced pressgie. The.crude |ight yel I ow product
was purified through flash chromatography (hexane/Et OAc, 90/10-) 80/20) to
gi ve the Baeped:bi s-Boc hydantoin Has a white solid (9.4 g, 25 98%. 1H NWR
(CDC13): 7.27 (dt,.2H), 6.87 (dt, 2H), 4.02 (g, 2H), 2.98 (t, 1H),
2.26-2.56 (m 28 February 2005 WD 02/ 18437 -73 PCT/ EPO1/ 09630 4H),
2.14-2.24 (m 2H),1.76-1.86 (m 2H),1.59 (s, 9H),1.43 (t, 3H and 1.38 (s,
9H); M5 (el ectrospray) We 999 (2MtNa)}, Calcd for C26H36N207, 488. Step 4

5 H The bis-Boc MA%ntoin H (4H34 , 8.64 Ma) was di sRA%ed in DVE (100
m.) to give a cleay/ SN Y hIS sol ut| has Aduedt NaOH (78 ni,
78 mmol ) and the re T\ g %r rea—Bver ni @ @ t erature,

giving a fairly dear showed conpT&tion ﬁ‘ﬁ égeeaction. The
reaction m xture was concentr&ed under reduced pressuréJto renmove DME 1o

and extracted with Et20. Wthout purification, theyesulting aqueous |ayer
containing |-am no- 4-(4-isopr opoxyphenyl )cycl ohexane carboxylic acid

(4-1 PrQAPC) . treatedvm h.6 t t 1-12.. To this
sol ution (-90 35%‘?”@10585&’8}1 tof‘irgég?ﬂﬁ’ ?éi#(gm? g&@ﬂqﬁlz é%so T0su (3. 49
g, 10. 3 ndded ,dl—ﬂertﬂalﬂﬂdndd)bonﬁte QG , 29161innoh 03 ehiiie), téakyiirine (@EmE] 2. 17 d
over ni ght , con ent rat ed._under
Feduced p? BB ISHHS] Hdblnp [ e kAl bR n RREBR AR T
Et OAc. The dé@rmlikrmhmogand wasstitned ovesnightat womrenperawire. Hfhsrrmmn ohisiterd woy er
lash ohr onmanitediderianed ef“%%‘%"i‘@ T s e A3 ip O O e
Froc- 4- 1 PRERBEVHS T Hih BE0gED T B SeGents NG Res bl e LEo it of
H) . 1H0 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% vield). MS (electrospray) m/e 538
(M+M€CN+N&), Caled for CosHayN2O7, 474,

Step 5:
MeO Boc MeO
L — OO
— - 4

% -OH

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



NMR(DMSO-d6), 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)28 hgbryasy 8¢5 ospr ay)
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 pleny cl ohexane-i -carboxylic acid (Fnoc-4- - Step 1:
go. 51 To a s)é%‘g%/i on of 4-iodotoluene (10.9 g, 50.0 m"rgﬁf’efﬁr% rg/ THE (180

m.) at -78 C was added a solution of-84BuLi (2.6 M 31.0 mi, 50 mol ) in
hexane over 2&) rgen The reaction was stirred for another 20 min before a

¢d with biip

sol ution psh b HEshPHEEREdroRe NaxSOs ryd eoneeniated) Thecmdeprodwswas 1 nnol )

ilg. dry tTHEuﬁﬂee@ym d&ﬁﬁnﬁég@ﬂv@h@mﬂ SEB(C fglz%e@dm ﬁstf/f-%{)fig)ta git%ﬁﬁﬁé?c-é?&% C,Thtehe
reacti quencned, agueaq - a extrac W .

cor ned SROART Y BRAF S0l bfe 37 YA fom hitrsen identotn Uk JHOVAR (RMSSES),
concent r av88l(d, REY, a8 ¢d 12810 40(td, 2ET), BF0e(ed, RES,omi (Ba 1Y, 6o asoan 8dF, 5.7h é@? da

~white | Lgly. 98% vi el d).. L 7,41 (m 2H), 7.1

2H) | 355385‘??’%‘{?3%%@SB%Z“{@%@M@%%@%&& " Calcd for C15H203.
248. 15 Step 2: 1 J d. To-a solution of the alcohol I (9.10g, 36.65 mmol)
in dry benzene (200 nmL) in a flask equipped with a Dean-Stark trap, was
added p-tol uenesul fonic acid nonohydrate (650 ng) and the reaction was
heated at 100 C for 3 hrs. The reaction was cooled to rt, diluted with

Et OAc 20 EBAMPEEPS and washed wi th aqueous Na2CO3 (50 ni), brine (3x50 nL),
dried over Na2SO4 and concentrated under reduced pressure to give the

R G R e e A

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),



.OCHZCHZO) Cal cd for C SHHi gOZI 230. 28 February 2005 WO 02/ 18437 75 Step
3: Me ~--OWJ K PCT/ EPOL/ 09630 To a sol ution of the ol &0ifeBuary20e gy 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 shltered off and the filtrate was conce gi ve the
AR SekGiiagh |

spectroscopically pure product K as a colorless oil (7.4 i eld).
M5 (El) me 232 (M, 188 (M OCH2CH2)-g5Cal cd for C15H2002, 232. 10 Step 4 K
A solution of the ketal K (6.90 g) in acetone (140 nL) was treated with 4N
HO (60 niZ.34 (2Hnuh. pleayldhd.Qs(1B85mPhicoyl), 4.2h (K, banidwaditzohd5 1 2iinedzdioy 2icb e
resi due V\q?thlb_ut ed with EtOAc and neutralized with 4N HCl. The aqueous
was extracted with Et OAc. The conbi ned organic 15 extracts were washed with
brine, dried and concentrated. The resulting crude 4-(4-

met hyl phenyl ) cycl ohexanone was used for next step without purification
(5.57 g, Biawsd tative vyield). M5 (El) W 188 (M, Calcd for C13H160, 188.
28 Febrgary 2005 WD 02/18437 -76 Step 5: Me Me L PCT/EPO1/ 09630

Br ) Br
m
8] (8]
;l
Np

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
: -
3 o N
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



" To a solution of 4- (4- et hyl phenyl ) cycl ohexanone (5. 322%&28 3 mol) in
ethanol (90 mnl) and water (30 nL) in a glass pressure abreary ¢e@® added
anmoni um carbonate (16.3 g, 5 169.8 nmol, 6 equiv.) and potassi um cyani de
(3.68 g, 56.5 mml, 2 equiv.). The m'xture was heated at 80-90 C
overni ght. zﬁ @J,ed reaction mxture was added to icy YahgpsostQf M) and
stirred vigorously for 30 mn. The resulting preci pltate vvas sucti1 on
filtered, washed thoroughly wth watés-and dried to yield the hydantoin L
as a whlte solid (6.3 g, 86%yield). M5 (electrospray) W 517 (2M+H), Cal cd
for Cl5H, E@P@qﬁm@s§ﬂqmostfdbmdbtmwﬂfmgagasm;demmdh(m1 g PR hyHamdRI n L

(5.82 g, I Ry THR ert - bu

di car bona’?(’e"z)@zﬁgglbﬁjgugb}(oad Nﬁgéggmb\%’a& Iﬁ?lg @?g{ﬁ é“’]%‘ )?/T‘lLLW 5 0,
24.7 15 m{BlecmosnraE);uﬁlﬁu&'hHODmdDZQ@sten@d 23 751-Hiy 95 JMiHh). successi on. The
reaction turned into a clear yellow solution and was stirred overni ght at
‘room tenpeggigire. The reaction mxture was concentrated under reduced
pressure to yield a solid that was then taken up in Et OAc (500 L), washed
-with 1N HO (3x50 mL), saturated aqueous Na2C3 (2x50 mli) and brine (2x50
m.), dried over anhydrous Na2804 and concentrateed under \reduced pressure.
The crude |ight yell ow 20 uct was purified @@ gh flash chronmat ography

(hexan. e/ Et OAc, 90/1047( L 3( oRgi ve-t-h-r’pure Decnjydantoin M as a
white solid (10.03 g, 1009 Id>==o H NVR ( CDC 26 d 2H) 6.87 (d,
2H), 3.00 (m IH, 2.32 (s, &N1.59 (s, 9H) and 1. 3‘70’-'(5 28 February
2005 WO 02/ 15437 -77 Step 7:v M Boc O N-
A mixture of hydantoin V (1.287 g, 4.36 mmole), Ba(OH),. H20 (4.20 g, 22.2 mmole) in
water (25 ml) in a sealed, thick walled pressure flask was heated in a 125°C oil bath for 4 days.
The reaction mixture was cooled to room tempcratﬁre, 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



' Boc PCT/ EPOL/ 09630 NHFnobc OH 0 The bi s-Boc hydantoin M (6.40 9,13.97 mmol)
was di ssolved in DVE (200 nL) to give a clear soluti o8 Fepraany 20l uti 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 conpl.et f the reaction. The reaction m xture trated
under reduc{é@dﬁﬁg‘ggure to renove DVE and extracted wthy}%?[ﬁ%%% hout
purification, the resulting aqueous l.gyer containing

1- am no- 4- (4- et hyl phenyl ) cycl ohexane carboxylic acid (4-MAPC) was treated
W t h 6N Helthtuetigd¢neshlokide The dotmbintd defanid Ryéed wdreSdshidivaith WatdrdBking] Jrieder e

added DI VE 40 ol ut.i on of .Pnoc 5 |,
equiv) in® %Ef‘ﬁé?ﬁeddﬁ’ﬁég%%?émfﬁm%% g%‘ielarcf"é]é Og\)vg"?cﬂlvﬁaﬁp“ﬂﬁed gom

t enper at urtemtahrdnﬁmgtraphsn (ermwd wrmzmsecqucﬁsmmmﬁthyladeahloﬂcbﬂmw pressure
to renove DMNE i ed HCl,,, xtract t .conbj ned
organi c eﬂcP%cTsm $&r sw%tam\()\ﬁe ﬂmﬁ' @%@%F%’?%’u%ﬁ%ﬁ tf§@‘iand
concent 5 affERMS THAB): @dﬁﬁBM({M—}M};cMSMO@@ ohsepuedi51#1084%7 chr omat ogr aphy
(CH2C12/ MeOH, 98/2490/10) to. give 15 the pure product Fnoc-4- MAPC as a
white solid (4.35 g, 69 %yield frombis-Boc hydantoin™ N). 'H NWR
(DVBO-d6): 7.88 (d, 2H), 7.75 (d, 2H), 7.24-7.43 (in, 4H), 7.02-7.14 (m
4H), 4. 2@%{1@1&2 24 (s, 3H). EXAMPLE 7 20 Preparation of

Frnoc- | - = | or ophenyl ) cycl ohexane-1| - car boxylic acid (Fnoc-4-

Cl Apc- OH) P&[ﬂquaﬂon of Pmen(D,L)-5chlofo-2 aminotetuyline2ydabboyliciecid EbocgD,IYS-2 ol )
in dry TH ) was cooled to -78 C and treated dropwise with a

sol utlon 0 n- uti (1.6 M 25 niL, 40 mmol) in 25 hexane over 20 mn. The

reaction was stirred for a further 30 min before a solution of 1,4 28
"February g@&sl WO 02/ 18437 PCTI EP01109630 -78

&L — &

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).



cycl ohexanedi one nono-et hyl ene ketal. (6.0 g, 38.46 nmmol) in dry THE (100
m.) was added dropwi se. After stirred for 1 hr at -78 48 Feligaryg8e%i on was
guenched wi th aqueous NH4Cl and extracted with Et QAc. The conbi ned organic
extracts were washed with brine, dried over Na2SO4, concentrated in vacuo
to give theygnggikspscopically pure product N as a white §gg&%u%gﬁ§0 5 0,
91%vyield). "H NWR (CDC13): 7.45 (m2H), 7.31 (m 2H), 3. I'n, 4H),
2.02-2.20 (m 4H), 1.75-1.82 (m 211381.66-1..73 (m 2H),1.54 (s, 1H); M
(El) me 268 (M), 251 (MOH), 250 (M H0), Calcd for C14H17C1C3, 268.
Step 2: CBtgpB N O To a solution of the alcohol N (6.78 g, 25.30 nmmol) in
dry benzene (120 nL) in a flLask equipped withgs Dean-Stark trap, was added
p-tol uenesul foni ¢ aci d nongliydrate (960 ng) ang he reaction was heated at
reflux for 3 hrs. The rea hs cested-t 0 ted with EtQAc (500
mL) and washed wi th aqueous# O3 (50 xnL), Dr#Fme-{3x50 nlL), dried over
Na2SO4 and 15 concentrat ed under reduced pressure to give the

spectroscoplcally pure product o (6.30 g, 100 vyield), which was used for
next step wth F%Meﬂfd@ﬂlueh@[)wﬁ(tﬂlyﬂﬂh‘i@I%OQOIWI;ﬂOlmn(emylwlﬂ@ﬂ@O)

Cal Cd for (0T} e Repnd W aSifiRadea ABufoof Gud £8hih QoM Eﬂhﬁb%g%ﬁ&§ and

(6.11 i'n Et {,1201“&1 % on “car
t he rea?:t OB £ £ 1A Mpprde theayeting]) in pethylgn dﬁ(ﬁﬁo Bk rAften the pddiion was

t enper at u eegplae eth@a,beﬁamas Wasixdd fof & &ea ea}ént,amuwa etht lnkfe@b %ay\@&ned to

concentrate give the 25 spectroscopically pure product as a colorless

oi | (6.10%7pm tf%%‘%‘ee Fé}uorqwne Beifl (6P eﬂ)zs%(amd and thg reatmrewamm QO 252.
28 Febr uakmpdRiiRe WPrPEhdBd 3Mhe 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).

o, — OOy
— OO
o~ R

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
(3H, m, phenyl). LRMS (EIectrospray) Ci2H11CIN2Oa, calc. 250; observed: 249 (M-H), 251
(M-H). '

Step 4:



PCT/ EPO1/ 09630 -79 Step 4: P 5 A solution of the ketal P (5.81 g, 23.06
-mmol) in acetone (200 nlL) was treated with p- tol uenes8fkebrearnefed
nonohydrate (876 ng) and heated at 60 C overnight. Solvent was renoved and
the residue was taken up in Et OAc, washed wi th aqueous Na2CO3 sol uti on,
brine, drie oncentrated to give the crude product, ow oH
(5.38 g, ggﬁgﬂ |£Id) Purification through flash chrong?ggpéﬁ%b
- (heaxane/EtCAc 80120460140) provi ded g§-(4 1o chl orophenyl)cycl ohexanone as
alight yellowoil (4.54 g, 95%yield). M5 (El) W 208 (MB ), Calcd for
C12H13Cl0XStep838. Step 5: a 15 To a solution of -

4- (4-chl orophenyl ) cycl ohexanone (4.26 g, 20.48 rnol) in ethanol (90 nl)
and water (30 niL) in a glass pressure bottle, were added ammoni um -
carbonate (13.8 g, 144 flol , 7 equiv) and potas@i um cyanide (3.56 g, 54.77
mml, 2.5 equiv). The mxTuy m@§ heated at 8Q<™ overni ght. The cool ed
reaction mxture was ad atMizr red vigorously
for 30 min. The resulting précipyTate was suction f1igared, washed

t horoughly with 20 water and9drifed to yield the hydantoin Q as a white
solid (5.58 g, 98%yield). M5 (electrospray) W 277 (MHK), Calcd for
Cl4H15C N2Q2, 278 28 FebruaMy 2005 WO 02/ 18437 PCT/ EP01109630 -80 Step 6: Q
R To a suspension of the hydantoin Q (5.15 g, 18.5 nnDI) in dry THP (250
m.) were added di-tert-butyl dicarbonate ( v)
triethyfani ne (gt of yderytoly WES8gng 3. Srhmolﬁ) Ea&ﬁ?z &5206(%60 sal\;!x&rﬂ rprzlgb)
1.85 Ml )in iBeSUOGASHL Aute) A% seARE tidk willll BREsukd iRk was heated in a 125°C oil bath

for 2 days. The reaction mixture was cooled to room temperature, acidified to ~ pH 3 using 4N

sulfuric acid while being stirved 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

» 10 precipitates rinsed with water. The combined filtrate and washings 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). IRMS (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



a clear yellow solution and was stirred overni ght at roomtenperature. The
reaction m xture was concentrated under reduced press@Bdebmay @b a solid
that was then taken up in EtOAc (500 nmL), washed with INHO (3x50 m),
saturated aqueous Na2CO3 (2x50 nL) and brine (2x50 nL), dried over
anhydr ous Na%ﬁ, d concentrated under reduced pressure e |ight
yel l ow 10 pro %?ﬁgvas purified through flash chromat ogragﬁyﬁﬁ%@(}a"lﬂe/ Et CAc,
90/ 10-70/30) to give the pure bis-Be&thydantein R as a white solid (8.05
9, 91%yield). M5 (electrospray) W 542 (MrMa+MeCN), Calcd for
C24H31C1 ch-w’éora@am@te@lm@té—cnbméic BFid (Hangh $8%nteddrms R whize adlidy HRMS 97
mol ) was 'g;gg!Hé oA 299 av&y71934.Cl ear solution. To this
sol uti on V(Vg'? added IN4%%%321%3 f%%n%'%oﬁ’i 13?1% the reaction was stirred
overnight at roomtenperature, giving a slightly cloudy m xture. HPLC
showed conpl etion of the reaction. The reaction m xture was concentr at ed
under redliced Eressure to 20 renove DMVE and extracted with Et20. Wt hout
purifi cat i sul ting agueous | ayer containing
1- ani no- 4-Hrépaedtion O PRGEYD X I GheitRraneniateRaling ol GrinshiL 4t GLABM,)8s treat ed
with 6N I-ﬂ?g%o_@ ust the pHto 11-12. To this solution,(~ -180 nL) were
added DME and a solution of Pnbc-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 reduced 25
pressure ts?%P’f*”D"e DMVE, acidified with 3N HCO, extracted with Et QAc. The
conbi ned ordani c 28 February 2005 WD 02/ 18437 PCTI EPO /09630 -81 extracts
were washed with brine,~dried over anhydrous Ng2SO4 and concentrated. The
crude product was purifiled through flash chrofmat ggraphy (CH2Cl 2/ MeCH,
9812-90110) to give the produgt Fnge- 4-£TAPChs a white solid (5.04
g, 76%vyield fromthe bhs#Boefny AR (DeGYUs), 7.88 (d, 2H),
7.74 (dg 2H), 7.19-7.42 (m 8&dn, 4.20-4.31 (m 3H);c¥B 5 (el ectrospray) W

474 (MH, Gl ﬁdmj];:%e &2 rgc:'_ellzn?(:csl—an%bxyA'- ginin%%éﬁ%ﬁ'ﬁa%—gmboxyﬁc 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



Preparation of Froc-I -ami no- 4- (3-fret hoxyphenyl ) cycl ohexane- | - car boxyl i ¢
acid (Fnoc-3- MeQApc-OH) 10 Step 1: Ove S To a sol uti o@8dfebsudrpdedni 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 nL, 50 mol, 1.3 equiv) in hexane over 25
mn. is They, n was stirred for another 30 m n befo i on of
1, 4- cyclohexanegﬁoﬁe nono- et hylene ketal (6.0 g, 38.46 %ﬁ%??ﬁﬁﬁggry THE
(100 nlL) was added dropwi se. After stBtfred for 2 h at -78 C, the reaction
was quenched with aqueous NHACI and extracted with EtOAc. The conbined
organi ¢ eEXAMPERM2re washed with brine, dried over Na2SO4, concentrated in
~vacuo to nbﬁ%fﬁﬁ@& .9 §@§fo bladhiddid & Qboxrhic3Sid l}éditi-lf ol i d (9.34
g, 98%y|e|(§ 7726 (dd. H? 7’6%%‘:7 4 mféﬁ%,jem(dd,

IH), 3. og F , 3 81 (s, BFD Step 2: S 28 February 2005 WO 02/ 18437
PCT/EP01/09630 -82 To a stirred solution of the alcohol. S (5.6 g, 21.21
nmmol ) in dry CH2Cl2 (200 nmL) Under a nitrogen atnosphere at salt-ice bath
t enper at ur, ﬁf per e added in succession triethylsilane (10.2 nlL,7.4 g, 63.63
mol , 3 and boron trifluoride etherate (21.5 ralL, 24.1 g, 169.7
mol , 8 eqU|v) The reaction mxture was then allowed'tqQq warmto room
tenperature and stirred fqf 3 5 hrs before hed wi th 10% aqueous KzZC03
sol ution and H20, dried over NaZSCA and conf entrated in vacua to give the
deoxygenati on conpound a (4.91q0). suff|C|entIy pure for
direct use. This crude i ate was dIS L-qcet one (130 nL) and
treated with 4N HO (60 nmL) and Heated at 65 C for hrs Sol vent was
renoved under reduced pressure and the residue was dlluted wi th Et OAc and
neutral i zed whiHxu¢ oidGrfibrsenypanhthalene (5.92 21 dLid sueole) papliydugnspatsssinmct ed wit h
Et OAc and carg@me@(rmTh 0 lgeﬁseﬁlﬁae), W, Mﬂaéﬁ ﬁrﬂ%ﬂfe‘(\ﬁﬁhd gb Gnr%\dloﬁbeﬁhmel (1%ml, 89 ed ) and
concentrate e res i ifie as grap y on
silica geRde s 3@6‘6# )39(%0 '&%}éﬂz’%l\@’"ﬁg#‘hﬁﬁﬁ?é‘ ‘E?S(ﬁi?:@i?g ( 3.67 g,
85% ov&r akdlidpesidug was rinsed thoroughly with ethyl ether. The filirate 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 layers 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 g, 2 CH}), 1.45-1.56 (6H, 2 sets of t, 2 CHj).

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,



as a yellowoil. "HNW (CDC13): 7.25 (dt, 1H), 675686 3H§ 3.81 (s,
3H), 3.00 ft IM M (El) W 204 (M), Calcd for C1311760% @ﬁStep 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 S‘W% carbonate (8.75 g, 91.20 mml, 6 equ ot assi um
cyani de (1.98 g, %81 40 mol, 2 equiv.). The mxture was bﬁ a?@@gﬁg 80-90 C

overni ght. The cool ed reaction i xtur®2was added to icy water (300 m) and
stirred vi gorously for 30 mn. The resulting precipitate was suction

filtered, dneRchedith W@agmayldlﬁvﬂtvﬁﬂwammﬁmmmcbbnc@m@q’Enmmmh@ewmantmn T

whi t
6. 70-6. bﬁ"ﬁ&hﬁﬁe“ﬂ“‘ﬁ%&? ;%""Eo*%ﬁw‘él‘?eﬁ“eﬁ%{%”?&% PR e e

Cal cd for UM @WE‘!?& Thegpm bwsdpfébtﬂawvsz'ewv ﬂllwwncb@wmxmgmo -83

Step 4: T suifde. mﬁdﬁa@eﬁw@&naau&fg@véwﬁawﬁ Qb1 Jh:é}ﬁwa%%lsgdvé@m% mmol) in dry
d di-tent-butyl dicarbonate (10. 48. 16 mol ,

THE (25 dd
2.5 (equ? V;Th)a[“gf t‘?‘f)‘?@rﬁﬁ’éhf(“? @“t"dles“lﬁ‘mi"ﬁc@i( O mehy 'IiheIméEfEﬂ‘Vﬂ)s and DVAP
(235 Ny, TefketFaI2)0 iminubddC BLESH wmenadﬁﬂoﬁ@@&a {100 nig‘)'ﬁiﬂ@ﬁhdb&'hﬁﬂ th@nfdt@@way el | ow

solution a sti querni ght at, roomteénperature.: khe reaction
m xture V\égéi“x@m@ﬁ?@ﬂ? gtﬁg&n{‘}ﬁ?fe 5 ERPHBE 105 PRIE SRsTafuse, st of the ethanoliweshat  was

t hen takenemmeum&%cécﬁﬁ&s@ The aqnesul 8k oifetwas birabled th3efindElwith it Hipt ed
aqueous 50 nj_ and brl%ﬁeézwo m.), 10 _drjed qover anhydrous

CcB
Na2SO4 an c‘iﬁmp %Yﬁﬁ&e“‘r Bepjee ity e ﬁ‘?t%mequ@‘E’P telarids SQFR“O? aMd ow
pr oductio Walsxeqbuwrfsmcﬂdntsdﬂfaﬂu GiltrbticiSdnd chicenition bR A b e PRRICE §¢0-

COLU0) {0 e o By B e T 00, 00 B S St L, 0y 95
yield) as a light yellow oil. "HNMR (CDCls) § 7.15 (1H, t, phenyl), 6.76 (1H, d, phenyl), 6.72
(1H, 4, phenyl), 4.05 (2H, q, CHy), 3.56 (2H, s, benzylic), 3.10 (2H, t, benzylic), 2.53 (2H. 1),
1.44 (3H, t, CH;).
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).



(N%NECAHNB) Calcd for C2134N207, 474. Step 5: 15 U 0 Q The bis-Boc
hydantoin U (2.30 g, 4.84 nmol) was di ssol ved in DVE (88 igbjuarp2@fQe a
clear solution. To this solution was added IN NaCH (44 nL, 44 mmol) and the
reaction was stirred overnight at roomtenperature, giving a slightly
cloudy m Xt {801454-C showed conpl etion of the reaction. %&6
m xture was concentrated under reduced pressure to 20 rem)ve
extracted with Et20. Wthout purificat®en, the resulting aqueous Iayer
contai nin am no- 4- ( 3- met hoxyphenyl ) cycl ohexane carboxylic acid
(3- MeQAPC %W&fﬁ treated with 6N HCl to adjust the pHto 11-12. To this
solution (-40 nL) were added di oxane (80 nl) nd Froc-d (1.73 g, 6.76
mol , 1. 4 equi v) and theé yeaction was stirred ern| ght at room
tenperature. The reactionfm xture was then conceptrated under reduced
pressure to renove 25 D¢ tralized with 3N d extracted with
Et OAc. The conbi ned org 3. _EX cts were 28 F 2BGO5 WO 02118437
PCT/ EPO1/ 09630 -84 washed wit} _byTHe, dried over jnous Na2SO4 and
concentrated. The crude prod¥ict Was purified by flash chromatography on
silica gel (CH2O 2/ MeOH, 9§ 2-90/10) to give Fnoc- 3 - Me@APC as a white
solid (1.98 g, 87 %yield from bi s-Boc hydantoin . I H NWVR (DMSO- d6) ,
7.88 (d, 2H), A mgtueegpf hzda;ntourm 5(7@;19 87 pimole), MomdezQ 940 gz42§n(mqle)1n4)
6. 71-6. 80 Cal cd
wafBr (30l t%oaﬁuwtéﬁn § 4 &@ﬁﬁhﬁ&%ﬁ?@&ﬁﬁbﬁf{&d gmmgm

for C29H29NOHI 471. arati o
ani not et r &033dinesc EisoRY(OFD: &Izawﬁmaq@np;e) wagpdd ixtge Weehpaied S

in a 125°C oil bath for an additional 21 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 one hour and cooled to room temperature. The
white suspension was filtered and the precipitates 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.



" A mixture of 3-(2-bromophenyl)propanoic acid (prepared in 2 ste

s from
2- bronobenzyl bromide, 2.0 g, 8.73 mmle), oxalyl chl&ﬁﬁﬁyﬂqyggm%1, 13.1
mol e) and net hyl ene chloride (20 15 nml) was:cooled in an ice bath and
N, N- di met hyl formam de (34 L, 0.44 mmole) was added dropw se. The m xture
was stirredw@forfigygm tenperature for 3 hours. Cbncentratigenkﬂ%mﬁgyo gave
3-(2-bronophenyl ) propanoyl chloride which was taken up in nethylene
chloride and used in the next step a$4a crude. Step 2: 20 A solution of
t he above acid chloride, (crude, 8 73 mmle) in_nethylene chloride was

sl owl y addelration and sepegpirasian gfveds yds oilrhishev s periadhyecelumnorhrspoatepraphy

- 1- met hyl - Jeliel iwdth B> 15 HI10s0@s AN MY lchd chEdHIEY to GAR rifehni AR ESleinby RS | CE

bat h. The m_ xtur V\%S Lbhen warned up to roomtenperature and stirred
over ni ght .an#?f&ﬂtws&er TPAORELC AR #bPR B BEntave yicid) anm hitpsalidi BRMSEABY: ol urm
chr omat 0gr@EYNOLQA+HRER6. 254119670 6Blealca! 458X08%s) to give 1-diazo-4-(2-
br omophenyl ) but an-2-one (1.88 g, 85% over 2 steps). 'H NVR (CDC13) 8 7.50

(1H, d,5phenyl), 28 February 2005 WO 02/18437 PCT/EPO1/09630 -85 7.24
(2H, m phenyl), 7.06 (1H, m phenyl), 5.21 (1H broad s, diazo), 3.05 (2H,
t, benzyli (2H, m. Step 3: 5 ar To a m xture afs rhodi um (11)
acetate diﬁ&é@%, 0.068 mmle) in nmethylene chloride (120 m) under
refl ux warejaotioy ofifded (3L Blisopiapoxyel-ahirdtetraiined2-cabbyiongd Fiydc) (IUL)3A - 2- one
to (1.74 ﬂﬁngﬁﬂnnle) in nmethylene chloride (30 m). After the addition
was conpl ete, m xture was refluxed for an extra twenty mnutes. The

m xture was cooled to roomtenperature, trifluoroacetic acid (1.5 m) was
added ahd Semelini xture was stirred at roomtenperature for an hour. The

reacti on was quenched with saturated sodi um bi carbonate sol ution. The
| ayers were separated and the nethylene chloride | ayer was washed once

more.wth saturated sodi umf1l5 bi carbonate sol §fi on. The combi ned aqueous
| ayers were back extracte 1 nmet hyl ene Oe
: ————
OCH,

OCH,

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



chl ori de. The conbi ned orgam o I ayers were dried over nesiumsul fate,
‘filtered and concentrated in vacuo to give a brown 0|I yary 839 on by
colum 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 (1lLwipg2Rfenyl ), 7.05-7.09 (2H, m phenyl), 3.58 @g@mhlﬁ%spenzyl ic),
3.22 20 (21L t, benzylic), 2.54 (2H, t). Step 4. Br v 25 A mxture of
5-bronp- j-tetralone (1.18 g, 5.24 infidte), potassiumcyanide (512 ny, 7.86
nmol e) , ammni um car bon (3.0 g, 31.22 mmole), ethanol (25 rr1) and wat er
(5 m) |nnﬁn°§)éfﬁ‘ﬁét8“%t‘% Gipll bethovsprags fthe reackinenigiye pag fldsed andahegolisl o) |

bat h for 4estiay®as iidstdthofsaghly with ethyl @b Theflpeicahd iR wabkitgMird @nibintd hXd Was

d m. t t f
D005 o 057155 HoaB Gt 8 R o, RSB S basbatfioh o1 | owed
by ai r - dr Petgengeak ahg ethert avidithelayets e sppard&d) TheldehexidRer GadlvEthed Giith&ralkd. 71

1H, b So exchbd: 5

Epl ect F%ggfl E Nfb’%%zﬁn ngrpf}v&%ﬂ c 294ed 0 s%tggeggg%wwgé?%
Step 5: S“B? dyeed pvegisadivmeaulte. Hjliratensind cpneeptrziBon ggve yirede ol e)
Ba( OH) 2 iBich fra?flucfed B7 ool hiBust dirall €15 625 B ac&ameﬁ% {dick wall ed

pressure flask was heated in a 125 bath for "4 days eaction

m Xt ur e wisPReBOIYetmeGorephthdemsd 228 arés) wdilkis b light h:fwn ol piH SMRSCREL) B
sul furic ggp th Jioﬁ:l:}éﬂizl %@@}' 3?5914%11};1 O,;h%qﬂg's% d?ﬁscidyph&;% SYSARNS! 8H ME3),

stirred in
10 3. 92 (3H s, OC 3), 1 42 (6H d, 2 CHsz of iPr).

!'

Step 3:

A, J
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



and cooled to roomtenperature. ‘The white suspen5| on was filtered and the
precipitates rinsed with water. The conbined filtrate 2 PRHANEARE 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 hywepfhgs43aNd dried in vacuo overnight to give rRl\/g% ‘ﬁ Sapr ono-2 15
ani notetraline-2-carboxylic acid (893 ngy, 76%yield). /?‘1) El ectrospray):
Cl1H12Br NO2, <calc. 269; observed: 2#®6¢M+H), .272 (M+H), 268 (M H), 270 (M
H. Step 6; 20 NH2 CO2H NHFmoc COO2H i mi xture of racemc 5 bronmo 2

ami not et r aitemE 2- carboxylic acid (882 ng, 3.27 mmole), triethylamne (0.60

m, 4.30 mmole), 9-fluorepyl methyl succinimdyl carbonate (Fnoc- OSu, 1.32
g, 3.91 mmole) in acetonj |Ie(30 m) and @er (30 M) was stirred at
room tenperature overni ght TLC anal ysis of the reactl on the next day

i ndi cated the presence of rting materigl~gmo acid.

9-fl uorenybnet hyl succi ni r bormmare™( 0. 2 ethylanaine (0.6 m)

and acetonitrile (5 mM) was added and the m xt irred at room

tenperature for another day. The reaction m xture& Was concentrated in
vacuo to renove nost of the acetonitrile, acidified to pH -3 with 10%
aqueous citric acid solution, and the white enul ¥i on extracted tw ce 28

b / i h chlorjide. Th
Februar 2000 NGNS LN A7 A0 T DS FL™ T
mag_n](ce_m u gy 19. & menold); Mmamlummaﬂmhta:(drﬁcgw(r ’ﬁﬁizf;lb) gaﬂiaﬁola(m fllickRd @later @aDh Was

i
et hang! / S0t e R GRCTRL R AR v heith i 40 e it e, Afercooling
an not et r & jopm-tompeaatiwoxtht S](Dn'&madp((lite(ﬂﬁtogqe -Gdehayd etired af foom tehptretufedbi . 5
HRVS (FABLoupiedtiiont! Mitn iRl bl Al Gryimdehvd RitlnoR0F ¢ §£8 gonif - 0643

EXAMPLE 10

10 Step S:

A %
U

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). : '



used in the next step w

" Preparation of Fnoc-(D,L)-5-chloro-2 aninotetraline-2-carboxylic acid

(Frmoc- (D, L) 5- 10 A Atc-OH) Step 1: A m xture of 28 February 2005
3-(2-chl orophenyl ) propanoic acid (5.0 g, 27.1 nmole), thionyl chloride 15
(10.9 m, 149 mmole) and toluene (75 m) was refluxed for two hours.

Concentrati a&ed'lzﬁ%;,?cuo gave 3-(2-chl orophenyl) propanoyl g@wlgoh@%?(}ml ch was

taken up in ene chloride and used in the next ste further

purification. Step 2: 20 N2 A sol utiogzof the.above acid chloride (crude,

27.1 mmole) in nethylene chloride was slowy added to a solution of

di azonet ha&itep :generated from 17.8 g of 1-nethyl-3-nitro-|-
nitrosoguanidine) in ether (120 m) cooled in,an ice bath. The m xture was
then warned up to roogmenperature and sti rrzég overni ght. The m xture was
concentrated in vacuo To Qive 1-diazo 25 4-(2-chl orophenyl) but an- 2-one
(5.87 g, > 100% over 2 apsh.as a bright yell oW ot The conpound was

ng mii,t her—por+fic iR (CDC13) 8
7.05-7.32 (411, m phen ,~H.13 (IH broad s> oL, 3.00 (2H, t,
benzylic), 2.57 (2H, n). 28 FéBfuary 2005 WD 02/ 18437%'88 Step 3 ci ci

PCT/ EPO1/ 096 30A hixtremfxioemic Hisoprbgoti2rantihdigtrdinelattbogylivekid(8as §15.980. 27

nmol e) 1 n _pethyl ene l.oride. (4 under. r.ef | ux wa | oW y .added a
solution o ('I(’:I‘F’ éﬁ%maqagrﬁf%‘yﬂ?-%ggﬁﬂﬁ%&ﬁ%b3%?3']@38@?25'{%1}%9}3%, 27.1
mol e t Hecubbiaka(Fmot-OSuE2.68 kA minbley in dectdrinbilen(3p miPdnidewatdr (30 ) diat starrdwas
conpl et e, | xt ure s_refl for. an.extra t.went l nutes. .The. m xture
nas” cool edt Rfmalistife K opt il 1T omaBfis BpS ol for A B BIARSe of HBind g o
and the nimataiabamiasacid. | 9-flectemimethyl succirmidsl athunetef(300 hg)owds added and the
reaction YRR e 6 g@r?e% a\fv'réogl é%i)&‘rafa}:e%gr asngﬁillerutigyp ‘e ;e%(?tflo%tﬁxture was concentrated

| in vacuo to remove most of the acetonitrile, acidified to pH ~3 with 10% aqueous citric acid

16 solution, and the white ernulsion 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,



“solution. The |l ayers weré separated and the nethyl ene chloride layer was™
washed once nore 10 with saturated sodi um bi carbonat e 28|Rsbruany 2005

conbi ned aqueous | ayers were back-extracted ~wth nethylene chloride. The
conbined organic |layers were dried over nmagnesiumsul fate, filtered and
concentrated in vacuo to give a brown oil. Purification by columm

chr onmat ograB'W'z_mt“ib 3 15% et hyl acet at e/ hexanes) gave 5- BV EPE 2 et r al one
(3.32 g, 68%yield for steps 1 through-3) as.a light brown oil. 1H NWR
(CbC13) S 7.30 (1H, m phenyl), 7.15 (1H, t, phenyl), 15 7.05 (1H, d,
phenyl ), 8te8@: (2H, s, benzylic), 3:22 (2H, t, benzylic), 2.56 (2H, t). Step
4. G w20 A mxture of 5-chloro-f -tetralone (880 ng, 4.87 mole),

pot assi um cyani de (500 ng, ¢¥.67 nrnole), ammorhum carbonate (2.85 g, 29.7
mmol e), ethanol (24 m) andlwater (6 m) in a ed, thick walled
pressure flask was heated @w. eil—bath f ours. After cooling to
roomtenperature, the slurry?wasSgoured into and stirred at room
tenperature for a couple of hours. Filtration fol,jzowed by air-drying gave
hydantoin W (0.92 g, 75% as a |light 25 beige solid. 1H NVR ( DVBO d6)

810. 70 (1H, broad; N 8.25 (1H, broad s, NH), 7.0-7.3 .OR m_phenyl).
LRVS (LI ect ros%rsg‘??‘.’nl_%fltﬁ?-ﬁbﬂ'ﬂwo@ﬁl( ndep k3 maole) i metbylomrrhlagidgvas 251
(MR, 25 Bohiyid a06iid6n 024daddiband Qoo i FOTL BPOMCBGRSAMR W CC2H |
" m xture of . ant gl n , 3. mpl e), Ba . . g,
18.0 bl Bﬁ““s %ﬂ%\&f‘éﬂﬂe @Wﬂ’(ll weteditn aprien bathy thegpixueegras thanarsied yodg
pressure tdoastsmparatuieidetrrediovermight Criei hixRad Was cofdenttatetbih racublad p kl?n
X 08 SRl oS BB bt ety vt Liab 3. U1 19 4

methylphenyl)butan-2-one (2.08 g, 60% over 2 steps) as a bright yellow oil.

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
room temperature, triflucroacetic acid (2.40 ml) was added and the mixfure was stirred at room

. 10 Step 3:

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



"sulfuric acid while being stirred vigorously. The suspension was stirred in
a boiling water bath for two hours and cool ed to r oom28éigherany 2005 The
white suspension was filtered and the 10 precipitates rinsed with water.
The conbined filtrate and washings were concentrated in vacuo to - 50 nl.
Neut ral i zat g concentrat ed anmoni um hydr oxi de sol u white
precipitate \/\hll‘éﬁ?g’}\?vere filtered, washed with water and d%lggpﬂlgﬁ%\?oacuo
overnight ‘to give racemc 5- chl or o- 29%mni not et r al i ne- 2- car boxylic acid (788
ng, 99%yield). LRVS (Electrospray): Cl11H12CINO2, colt. 225; observed: 226
(M+H) 22§teP H, 224 (MH, 226 (MH. 15 Step 6: CO2H H2 NHFnmoc CO2H A
m xture of racernic 5-chl gmo-2-am notetralinegg-carboxylic acid (402 ny,
1.78 mmole), triethylam e £0.38 m, 2.73 pl e), 9-fl uorenyl net hyl

~succi ni mdyl carbonate ( ol e) in acetonitrile
(20 M) and water (20 mi ppenat.ure for two days.
TLC-anal ysis of the reaction after two days indi cgtgd the presence of
starting material am no acid. 9-fluorenyl nmethyl Sucdi ni ni dyl 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 xtu was concentrated
in vacuo to rbnﬁmteremﬁtmethyl—tﬁhtetrdm(dm g,rQ Z%nmﬁk)@@tadnﬁm@\hmd:e (P04 mg, 330 t h

10% aqueo i\t i t hree
Cimes Wi tﬁﬂ%@ﬂt&ﬁ%c B cahis (D4 o 880 nfife) Untety EOBI LAV R ORI AL
wat er , Sr beaked, thi Ueﬂledwesmunﬂghmhnﬂedmdaﬁéoﬂlhaﬂtﬂoawm Aﬁdcgdmquoatu on

gave a Crygde eﬂfnﬂt@‘?ce%ter‘éﬂ& M AR EQRR Wi th
-> 6-) é] rret h noI I%t hyldgae chloride) to gjve racem 28 Febru 2005
V\D 02/ 1848 air gwceﬁpé?wdzm&m%& @&éﬁ%ﬂ@ldéa%aab%xw ic

aci d (5404, * I
falc. a4 1237%%%?\1}?(? 89 000 S bR L NEERY (1iiHirkad SRRUEEEIRA AT
m, phenyl), 2.17 (3H, s, CHa).

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).



"Preparation of Frnoc-(D,L)-5-nethoxy-2-am notetraline-2-carboxylic acid
(Frmoc-(D, L) 5 MeOAtc-OH) Step 1: NHFnoc 10 CO2H CO2H A 28 Bdbursey 2603 acem ¢ 5
met 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 muole),
triethylam 2 m, 4.45 mole), 9-fluorenyhnet hyl LALLAY!

car bonat e (gﬁ’t)mﬂl%ép 1. 47 g, 4.36 nxnole) in acetonitri ?’gf’?g@“%g and
water (25 m) was stirred at roomtenpegature for 30 hours. 15 TLC anal ysis
of the reaction indicated the presence of starting material am no acid. 9-
f1 uorenyl el succini mi dyl carbonate (370 ng) and triethylanzine (0.6 m)
were added and the mxture was stirred at roomtenperature for another 24
hours. The reaction mxture was concentrated in vacua to renove nost of
the acetonitrile, acidififd to pH -3 with 10% &ueous citric acid
solution, and the white emHasion was extracted Fee tines with ethyl
acetate. The 20 conbi ne } MutFecwat er, brine and
dried over magnesi um sul COEJEl I|tration and concengration gave a crude
oil which was purified by coI urm chromat ography (elUted with 14 3 3 5 3
10% net hanol / met hyl ene chloride) to-give racem c Fnoc-5-

et oxy 2 2 L b SR o {320 B 0 8%l
444.1814. tzz@hﬂmem Sany, 6X508mvie), Gﬂumﬂdﬂmemslﬁﬁ@m@ﬂG@@mm@muEdm
P
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CarDONAL ¢ o idhyfineri GusBiEh R bl ool BT i 2 il AR hidedpet hane
10 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 was extracted twice with methylene chloride. The 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 2 2> 5> 8%
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-
Step 1:

¢ 2 Ch (o]

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.



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 28itebruzy BYO5 et her .
The filtrate and the washi ngs were conbi ned.-and concentrated in vacuo to
remove nost of the solvents. The brown residue was partitioned between

wat er and e the | ayers were separated. The ether washed
wth water. wh]dgﬂg‘@?rbl ned aqueous | ayers were back extracFéﬁ%ﬁlfoﬁazt her. The
et her extracts were conbined, washedigi-th bri.ne and dried over nagnesium
~sulfate. Filtration and 15 concentrati on gave a crude brown solid (6.74 g,
99% vyi el d)Ste&crystal | i zati on of the crude product from hot methanol gave
1, 6-di et hoxynapht hal ene (4,36 g, 64%yield, first crop) as a |ight brown
solid. "HNWR (CDC 3) S 8. (1H, d, phenyl), .06-7:36 (4H, m phenyl),
6.66 (1H, dd, phenyl), 4.1Q-4.23 (4H 2 sets o 2 CH2), 1.45-1.56 (6H,
2 sets oft, 2 CH3). 20 Ste : a refluxing '
1, 6-di et hoxynapht hal ene (4 % 19.77 ol e) ute ethanol (100 m)
was carefully added smal |l pieces 8f podi um neta g, 296 mmol e) over 60
m nutes. The mixture was refluxed for another 90 manut es. TLC indicated the
presence of 25 unreacted starting material. Extra sodiumpnetal (1.0 g, 43.5
mol e) was addedsohution bi® (2-ehypheayl)propardyl chlones(crmit) ZMHfo&Dnﬂﬂ&ﬁ &ie 60

m nutes. The.r i 00 o.rroomte ratur 005 WO
0ol 16437 PRPFEESH 28R R8I0 R uitich R Thebelb B-Deetied mofhrs ot Lpdoi s
concent b atritio-bpitroseguddine) iaethelr. (100nal) koot dinen\iedatic OThe etk fufl verd thed woagbd t O
renove no _athanol ue m xture was extracted three tines
i tn ot o i ok Bt S s IR S e B do G o |
over sodi pwifielby aiwnn cﬂ'inbmatagraph (EHNe 200aRyl tataite/hex 2ges) € gvé)I'ﬂMb&Qii d which

(400 ) VAT RERORCn P LA e et 4 Gemel BNV DRI ot A e

p- t ol ueneghbdybin5.21 GE, Grdad O XiaxB), 29A 21 del e ,ameminel. 20 yt, €mps  refl uxed for
anot her, 60 m nutes. After cooling to roomtenperature, nost of the ethanol

was réfoved under reduced pressure. The aqueous m xture was extracted
three ti n®gepd:t h ether and the conbined organic |ayers were washed with
wat er, saturated sodiumchloride solution and 10 dried over sodium sulfate.
Filtration and concentration gave a brwon oil which was purified by

B vy

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).



col um chr omat ogr aphy (7% et hyl acetate/hexanes) to give 5-ethoxy-
3-tetralone (2.43 g, 67% vyield) as a light yellow oil 28iRabNaRy 2EBC13) 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, benzylic), 2.53 (21-L
t), 1.44 (3 15 Step 3: x A mxture of 5-ethoxy-P-tetral one
(2.23 g, 11 ?qﬁﬁﬁﬁ potaSS|un1cyan|de (1.20 g, 18.4 nnﬁ'%y? é ni um

car bonat e (6 75 g, 70 2 mol e), ethangk-(80 m.) and water (20 nl) in a 20
seal ed, thick walled pressure flask was heated in a 80C.oil bath for 3
days. Aft &tepcroling to roomtenperature, the slurry was poured into
ice-water and stirred at.roomtenperature for a couple of hours.
Filtration followed by air-drying gave hydantgin X (2.69 g, 88% as a beige
solid. 1H NVR ( DMSO- d6) 06 .. 8.22 (1H, broad s, NH),
7.06 (1H, t, phenyl), d, phenyl), 3.98
(214, q, CH2),1.32 (3H, PM3) A yh: CL4HI6N203, cal c.
259; observed: 258 (M H). 28 February 2005 WO 026 3487 PCT/ EPOL/ 09630 -93
Step 4: X A mxture of hydantoin X (2.57 g, 9.87 mole), Ba(OH) 2. H20
(9.40 g, 49.6 mmole) in water (200 m, too dilu®d) in a sealed, thick

wal | ed press Extra
Ba( OH) 2" tpo ‘?E’%g ou Egb,fs%ﬁﬁ% B%&EF&TI@ Ogg’gggegé&giﬁd Ba‘lr’q’&““??&ﬁ?ee wagkO W ed in
a 125C oi mmpdehamweniam cathiinetie 61k g 206 inmote), etipnel (8@ sbtand water k6umlpingas cool ed
to room tQmEASKRLWEEd p@&gﬂhm&%&@emd@ﬁ goce A Dy BUH AGeRGRngVal | ©

bei ng stirred Vi gor ous suspension was stiryed |n a b0|I|n wat er

bath for & KBRFRYRE ?‘FH W BAES PRBR feg et andrtired giopm tpRes on was

filtered @wdchinde pitaispFilaitkm fbllowed by M&M@E hydIﬂexmxrw 85eglofos hilat e and
10 washi ngs mere concenﬁ?rat%ﬂii givacuo to -- Neutralization with
d

concent r aP®d 24ieAD A# #lght Mf@%og%élw&lg ‘B‘?"éé?sé‘ﬁh@%ﬁ(ﬂﬁsch wer e

filtered, biag HGNHMGW V@R, B g@l 1rrs<tBH,eécHaP IRMS(HIREERS): C1oFisN205,
5- etho§y 239 g&&%ﬁbgghgﬂﬁar oxylic acid (2.34 g, quantitative yield) as

a
L — -
)=0

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

Step 5:

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 mg, 89% yield). LRMS (Electrospray):
Ci3Hy7NO,, calc. 219; observed: 220 QM+H).



| i ght beige solid. LRVMS (El ectrospray): C13HL7NO3, cale. 235; observed: 236
- (MtH), 234 (M 15 Step 5 NH2 CO2H NHFnoc CO2H A m xt ur @8dfebreme 20Q5

5-et hoxy-2-am notetral i ne-2-carboxylic acid (2.22 g, 9.44 mmole), 20
triethylamne (2.00 m, 14.3 nmole), 9-fluorenyhnethyl succinim dyl
carbonate (Enpc-OSu, 4.81 g, 14.3 mmole) in acetonitrile %{ZS rq%)ﬁ and wat er
(75 m) was "t PPEG at roomtenperature for two days. TPEERARSY s of the
reaction indicated the presence of stgmsting material amino acid.
9-fl uorenyl met hyl succini mdyl carbonate (645 ng) and triethylamne (1.0
m) was addepdé: and the m xture was stirred at roomtenperature for nother
day. The reaction m xture was 25 concentrated in vacuo to renove nost of
the acetonitrile, acidified to pH -3 with 10% aqueous citric acid
solution, and the white~enul sion extracted thxee tinmes with ethyl acetate.
The conbined organic |ayers were washed with yater, brine, dried over
magnesi um sul fate. 28 Fg 2005 WD 02/18 | EP01109630 -94
Filtration and concentr gdVe a crude oil T%urified by col um
chromat ography (eluted with & 5 - 10% net hanol / hyl ene chloride) to
gi ve racem c Fni oc-S-et hoxy-2- am notetraline-2-carboxylic acid (4.66 g, >
quantitative yield) as a white solid. HRMS (FAB): C2sH28NCG (M+H) cal c.
458. 1967; obseAwsbiturel&igackHRos-ethylEXAMBbittrdlide ¥-daftepgicatiddicDing, 3.49 mmole),
e D ket SRRE PO 27 3HIS) S hlhyiRedts FALARINY Bl ARG 1

g, 5.31 mmole) in acetonitrile (40 ml) and water (40 ml) was stirred at room temperature for 2

days. The reaction mixfure was concentrated in vacuo to remove most of the acetonitrile,
acidified to pH ~3 with 10% agueous citric acid solution, 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 TR

;-——-—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)



M1 lizz~ Nkt '--'"OC4; OCH3 -OCH3 A mixture of 6-nethoxy 1-tetralone (5.07
g, 28.8 mmole), 10% Pd/C (3.53 g, 3.32 mmole) in dry p8debasy 208D nl) was
heated to reflux under argon for 38 hours. The reaction 15 m xture was
cooled to roomtenperature, filtered over celite and the residue rinsed
t hor oughl y cynene. The filtrate and the washi ngs re i ned and
extracted tW "éﬂ%ﬁgh I N sodi um hydroxide solution (2 x # o)ufﬁ%%ie
conbi ned aqueous extracts were acidifigg@d with.6N hydrochloric acid to pH
-3 and extracted three tines with ether. The conbined organic |ayers were
washed wi s witoed, forok homts. @oacerduatiynlinoususmack 34(2-soprbpyiighenil)ropantyl elodded

concentrat‘;hﬁp r l.epe (2.31 g, 46%
yield) as vﬂaﬁ\é@g@%ﬂ%l% %ﬁﬂhﬁéé{n@m%%gg&&??ﬁ%ﬂﬁe step wi t hout
further purification. LRVS (El ectrospray): C11H1002, calc. 174; observed:
173 (MH). Step 2. . OH 25 OCH3 A m xture of 5-hydroxy-6-net hoxynapht hal ene
(2.10 g, 12.1 mmole), cesiumcarbonate (19.7 g, 60.5 mol e),

NN- di met h$tep@r mam de (12 m ) and 2- bronopropane (3.50 m, 36.9 28 February
2005 WO 02/ 18437 PCT/ EPOL109630 -95 mmol e) was stirred in a 40C oil bath
overnight. The reaction mxtuwe was filtered and.the solind residue was
rinsed thoroughly with ethy[ ether. The filtratp and the washi ngs were
conmbi ned and concentrat ed acuo to renove AN Qf the solvents. The
brown residue was partiti o@ bef weem warsr athr and the layers were
separated. The ether |ayer ¢hed with wat ef.
| ayers snere back extracted with ether. The ether extracts were conbi ned,
washed with brine and dried over sodiumsulfate. Filtration and
concentration B & eﬁ-’%ﬁsop%ﬂyfﬂﬂeﬂﬁfprdﬂdﬁdyﬁ itk 8, Y08 nEhIOTR ERGGRRNY

(2.5 - 5%eth acet at e es
chlori e was slowly added to a solut:lon of dmzomethane {generated from 6.95 g of 1-methyl-3-

nitro-1-nitrosoguanidine) in ether (50 ml) cooled in an ice bath. The mixture was then warmed
up to 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



i sopr opoxy- 6- met hoxynapht hal ene (2.23 g, 86%yield) as a light brown ail.
1H NWVR (CDC13) S 8.17 (111, d, phenyl), 7.05-7.38 (4128 hepbrysned@dd, 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

1-1i sop_ropox% 6- met hoxynapht hal ene (2.23 g, 10.3 mmole) in_ 15 absol ute

et hanol (50YRI% S careful Iy added small pieces of sodi BRFFE¥E N 3.6 g,
157 mmol e) over 45 minutes. The m xturg-was refluxed for a further 120

m nutes. The reaction was cooled to roomtenperature, quenched with water
and aci di fchmdaawgtdphy:cﬁ%ernyzraaétﬁdhmdésmgﬁleenk@r@i f-tetraldne (NFKE, 966 yiEl8) as
concentrated in _vacuo ;to renpve he ethanql . The a ueous mxture

was ext r adtlight yeHlpwoily | M@C@ngér% 7'133'&(3%%}‘%@’ 8159 &, Pemg
washed wi teWAlEH ofidd), 392 (H, %‘i:el%rﬁ&) s88liamMyS b adee o, Trhl aﬁhfon and
~concentration gave a reddish oil “whi ch was ‘di ssolved in 1:1 ethanol/water
(90 m), then p-toluenesul fonic acid (200 ng) was added. The m xture was
refluxes fopgp £0 mnutes. After cooling to roomtenperature, nost of the
et hanol was rem)ved under reduced pressure. The aqueous m xture was
extracted twice with ether and the conmbined organic |aygrs were washed
wth water, saturated sodium chloride soluti nd dried over 25 sodium
sulfate. Filtration and cohcentration gave a rneddi sh oil which was purified
by col umm chr omat ogr aphy" 8 15 % et hyl ac exanes) to give
5-1 sopropoxy-o-tetral one . lorless oil. '"H NWR
(ChCA3) S 7.16 (111, t, phenyl),®6.78 (111, 0 6.71 (111, d,
phenyl), 4.53 (1H, m CH of iPr), 3.56 (2H, s, befizylfic), 3.08 (2H, t,
benzylic), 2.50 (211, t), 1.37 (611, d, 2 CH f iPr). . 30 28 February
2005 WO 02/ 18437 PCT/ EP01/ 09630 -96 Step 4: \' A m xture of
5-i sopr opoxy- (Amwadmfrﬁeisoﬁpto@ﬁi@trzﬁunﬂl MIdebhgmmoy}aMddémmo ny,
\%lgt ér_m(ngjl 21&56 &HH%”MO&%{I&%M&C 64381 g, 591 mmo'lt% éﬁim oFeth nﬁ} '.ztter((fiflmﬂ1 1Raa“d
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 (EIecquspray): CisH3sNL 0y, calc. 258; observed: 539 (2M-+Na).

Step 5:

————u.+
NHo

R
N>=0 COH

0 .
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 *



42 hours. After cooling to roomtenperature, the sl uri2§ Rehsignod®ed 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
5 NH2 cO2 m xture of hydantoin Y (1.64 g, 5.98 OH) 2. H20
(5.66 g, ng'véo 4%) in water (25 mM) in a sealed, thi mm*uéggﬁé?essure
flask was heated in a 100C oil bath_.fjg-70 hours. The reaction m xture was
cooled to roomtenperature, neutralized to - pH 7 using 4N 15 sulfuric
~aci d whi | ® ¥ mly Newiralizeton/witorontitited menodivsrpieidsixtde sohtion tave wdite i N a

‘boi l'ing . [ our. and..cool ed t oom.t enper.at ure. Basi.fied
wth 1IN sBRbARol S B sn A o ol el BBRACTRENE M e PRE o
and t he phévpppyledasinetcimalind-2wiathoxylitagid (1 PAe, 639hbichionref 2 ktepshasen beigedolidishi ngs

wer e CONCEpisfk | .- A Jhad | lon with concentrated
hydr ochl or1 csggﬁ‘%r%gﬁaﬁ?%%%\g?féca\%??g %hrsg%?éﬁiz?%pgﬁahi ch were filtered,
washedSwith water and 20 air-dried to give racemc .
- 5-isopr opge%‘-&z-am' notetral i ne-2-carboxylic acid (3.48 g, wet and

containing Thorganic salt, > quantitative yield). LRVS“(El.ectrospray):
Cl4K19NG3, talc. 249; February 2005 WO 02/ 18437
PCTI EPO1/ 09630 -97 Step b: NHFmpbo CO 2H CO2H Al mi xture of racem c

¢ j 48 9., O 98 mmol e

theoretical), triethyl i g1 "dor enyl net hyl
succinimdyl. 5 carbonate (Fomg-OSu, 2.62 g, 7.77 mawle) in acetonitrile

(30 M) and 1 1), t] d. . 004Nt rat.ure for e day.
TLC anki yei st Ebyee e bonlis ApR s BRinc RRORABIRE At oo 180 o1
am no aci ymoR), tiisiiyianine (&2 ny 8.6 moooln), Aifbiptenylarethyhaken{niitd cadpnave@nedded and
the 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)

Step 1:
o :
O + O —= OO
O 0O
. CcC

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



m xture was stirred at roomtenperature for another day. The reaction

m xture was concentrated in vacua to renpve nost of tRH8FgPaEan2ed5 | e,
acidified to pH -3 with 10% aqueous citric acid 10 solution, and the white
enul sion extracted three tinmes with nethylene chloride. The conbi ned
organic layers were washed with water, brine, dried over ' sul fat e.
Filtration SR ¥hcentration gave a crude oil which vvaspgﬁ%}ﬁ@aﬁgdnby col um
chromat ography (eluted with 1- 2 -> 5p7-8% net hanol / met hyl ene chloride) to
gi ve racem ¢ Fnoc-5 isoprropoxy-2- am notetraline-2-carboxylic acid (0.50
g, 18% yi shetrensiwith witeps) estsactedwithtBtOA0| Tiot. cotnlbib&organi¢ BARKts wa29HNCS ( M+H)
talc. 472 : ; . NESOVE, | .

of ch_(Df%‘%‘?iéﬁ%&?ﬁl%F@gﬁ]ﬁ%%%‘}‘él ne- 2- car g?ya%gq%%%%%E%gﬂ(m 5- 20
MeAt c- OH) cwide proguctoyas paied onflash dreppategiprbhyd hexanefBiOAs y2itogSl2ahievarevidei d-

(ﬁi 0 ga 1&?&%@)@ c@a@hyﬁggbﬂwénbwgﬁﬂ(g.oé% 49hs). lxﬁﬁmN (opoy t),ﬁz)zlsgaet,m},gyl ene
chl ori de S CO n ice n or. man de
(0.14 m, %% é‘ifq’ I égf%ﬁ/g%[i ﬂéésd‘%%}’ Bﬁ%\ps‘g['.&) af'ﬁé‘%%?‘éﬁe%&é‘*@%fﬂ’?@gs 8#20  oom
t enper at ufM-+8 SCabidgbit C;;FNCGyRIpat i on i n vacuo gave _

3- (2- met hyl phenyl ) propanoyl chloride which was taken up-.i.n nethyl ene

chl ori de 8@@ used in the next step as a crude. 28 February 2005 WO 02/ 18437
PCTI EPQ / %O -98 Step 2: 9, 113 9149 N2 A solution of the above acid
chloride (crude, 18.3 mmole) in nethylene chloride was slowy added to a

sol ution of di azonet hang fNgeper froml1ll. o onof /71-Rethyl-3-nitro-1 5

ni trosoguani di ne) in @ omnl batT” The mixture was
then warned up to roomTenpera u® and stirred overni ght. The m xture was
concentrated in vacuo and pugcfi ed by DD

To a solution of the ketal CC (3.22 g, 15.16 mmol)} in acetone (100 mL) was added 6N
. 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,




col unm ¢hr omat ography (10 - 20% et hyI acet at e/ hexanes) to %I ve
1-di azo-4-(2- net hyl phenyl ) but an-2-one (2.08 g, 60% ov@p FebsaeHpad05as 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 sol ution of 1-diazo-4-(2-nethylphenyl)butan-2- (2.08 g,
11.1 mmol e) |0n0 ﬁ@%yl ene chloride (50 m) over 180 m nut @rfép&?}f}%?othe
addition was 15 conmplete, the m xtwiegwas refluxed for an extra twenty

m nutes. The m xture was cooled to roomtenperature, trifluoroacetic acid
(2.40 M) Step#: added and the mixture was stirred at room tenperature for an
hhour. The reaction was quenched with saturated sodi um bi carbonate sol ution.
The | ayers were separated and the nethyl ene chloride |ayer was washed once
nore with saturated sodi um bicar bonate sol ution. The conbi ned agueous

| ayers were back-extracted with met hyl ene chl oride. The conbi ned organic
| ayers were dried ove agneshUu fate, red [poncentrated in
vacuo to give a crudg DU 01 I uni-t-c&@-@pﬂg: romat ogr aphy
(15% et hyl acet at e/ héxsales) Het hyl - | o @9Hy, 84%yield) as

a light browm oil. zH NWR ( 3) S 6.90-7.20 (311, in, \phenyl), 3.58 (2H,
s, benzylic), 3.03 (211, t, benzylic), 2.55 (2H, t), 2.34 (3H s, CH3). 25
28 February 2005 WD 02/ 1843EE°CT/ EP01/ 09630 -99 Step 4. z A mxture of

5-nmet hyl -13-tetralone (1.48 g, 9.24 mmol e), potassium cyanide (902 ny, 13.9

mrol e), anmoni 'DEEI@M&H@E &g sparled i AHRkL&s Na€irh hod AB) HdheBTatvat er
(9 mg el hlcié ﬁsaécg%u euref{lﬁk(ﬁ @mﬁe?i{%ed) r?)hg g%aé oi |
bat h f 05r ég%%yé Ks?‘fé'r BoBFe Ygf P58 the FRUIIPPPHEE pour ed
i nto i ce- waltedlizelndthsbne. T4 tadlightyoaidic(pHerat Whﬂeﬁlﬂﬁnﬁlﬂimmds@ltemﬂ, washets.
Filtratio r %
Viel ) as it dRF Sl Fapile) IR EHaRs PR lf (O dypie”s )
(1H, broasolisl (51&8-3 >160 Byietd, o6t faBl¢ontaminated with inorganic 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 CiaHigNa04, 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



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 mmle), Ba(OH) 2. H20 (7.40 g283®buamafld |n
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 acid while being
stirred vigggﬁﬁg%97 The suspension was stirred in a boiI?ﬂﬂEV%?%ﬁ’bath for
~an hour and cooled to roomtenperaturmo-The white suspension was filtered
and the precipitates rinsed with water. The conbined filtrate and washi ngs
wer e conc EXAMBIEISi n vacuo to - 50 ml. Neutralization with concentrated
anmoni um hydr oxi de sol uti on gave white 20 precipitate which were filtered,
washed W tpRend@itiBh of RihoRidlandhd- j ' - 28t -

am not etr al iﬂf}%— 2- ar%g%ﬁﬁﬁggﬁﬁf%%‘%ﬂﬁgg%ﬁl Jc%)mog?sﬂcgglge(ll:aleocéél i d. LRVS
(Electrosﬁ@%???{) 12H15NO2, cal c. 205; observed: 206 (M-H). 28 February
2005 WD 02/ 18437 - 100 Step 6: NH2 co2H PCT/ EPOL/ 09630 5 A mi xture of
racem c 58teptlhyl - 2- am not etral i ne-2-carboxylic acid (1.05 g, 5.12 nmole),
triethylamne (0.93 m, 6.67 nmmole), 9-fluorenyl methyl succinim dyl

carbonat e (Fnoc-OSu 2?24 g, 6. mol e) in acetqaitril,s (%? m ) and water
(30 m) was stir@g{LﬁE‘ opmyt 1€ —iOlp.? . \ &
reaction indicate g-tsence tarting mat er \& oA

i s of the
s a.
9-fl uorenyl nmet hyl- succi ni m dyl carbonate (520 ng) was added and the m xture
was stisred at 10 roomtenperature for another 24 houFE. The reaction
m xture was concentrated in vacuo to :

To a solution of 4-iodotoluene (2.12 g, 9.7 mmol), 1,4-dioxa-8-azaspiro[4.5]decane (2.8

ml, 3.12 g, 21.82 mmol, 2.2 equiv) and sodium tert-butoxide (2.6 g, 27.08 mmol, 2.8 equiv) in
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.



“renove nost of the acetonitrile, acidified to pH -3 with 10% aguéous citric
‘acid solution, and the white enmul sion was extracted t@Bdebmah2068 hyl ene
chloride. The conbined organic |layers were washed with water, brine and
dried over magnesiumsulfate. Filtration and concentration gave a crude
oi | which was Eurlfled by colum chromatography (eluted with 2 3 53 8% z5
met hanol / met!YFEHE chi oride) to give racenic PCT/EP01/09630

Froc- 5- net hyI 2-am notetraline-2-carbgylic acid (1.62 g, 74%yield) as an
i ght brown solid. HRVS (FAB): C27H26NO4 (M+H) calc. 428.1862; observed:
428. 1844. SP3EXAMPLE 15 Preparation of Fnoc-(D, L)-5-ethyl-

am notetraline-2-carboxylic acid (Fnoc-(D, L) 5-EtAtc- OH) Step 1: 25 A

m xture of 3-(2-ethyl phenyl)propanoic acid (prepared i ng3 steps from

1-et hyl - 2- |odobenzen 3.8 mol e) A Ony, h g#de (9,50 m, 130
mmol e) and tol uene N % rs. Cogentration in
vacuo gave 3-(2-ethyl pht yI) panoyl chl ori i aken up in

nmet hyl ene chl ori de and use n the next step as a]_sl@rudeﬂ 28 February 2005
WD 02/ 18437 PCTTEP01109630 101 Step 2: N2 ti A'SOlution of

3- (2-et hyl phenyl ) propanoyl chloride (crude, 23.8 mmol e). in nethyl ene

chl ori de was sTowdolutmacd thetketone 383 (1t17grd. Iﬁfmmoamehhemdimmdmm from

15.6 g of gk )m%géséeMggeJe R%Jd%ﬂﬁﬁ&ﬂﬁﬁ'kﬁb&ﬁe 4%?@%44.&919 e 300' ed

in an ice bath ture was n war ned er at ure
stirred odedpatassivm crnideiLi gy - ﬁﬁa%melo%m‘f)at%mﬁt%wém@t at§0r¢ fordd by

c ol um ¢ hhﬂ”gh@@{oﬁﬂli&hcﬁwmgd&@ %@édaxénnaﬁgh%aew@%e%&ewm t)[!e%ted with e
i azo e o over st eps
(CD013) sW?(e&ﬂﬁnfﬁ(&%? < P‘Hﬁ) %Hﬂe’%éfﬁr%was zda%mt%@ve d( 2H,
in, CH2 obveetdhylljous Naiﬂﬂ),;(aﬂd-lcodcentﬁtﬁ)to gitékhSkptrSscopically pure hydantoin HH as a
white solid (1.554 g, 97% yield). MS (electrospray) m/e 260 (M+H), Calcd for Cy4H;7N30,, 259.

10

Step 4:
N
NH coH
o
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:

cozu 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



To a mixture of rhodium (11) acetate diner (38 ng, 0.172 mmole) in

met hyl ene chloride is (300 m) under reflux was sl ow y28dchibsebrn260f 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 minutes. The mxture was cooled to
room t enper SPYFE% i f1 uoroacetic acid (3.75 m) was addEGVERY* IR nixture
was stirred at room tenperature for_gf _hour. The reaction was quenched
with saturated sodi um bi carbonate sol Ution. 20 The | ayers were separated

ang t hebrremb%dcemtez g;islsls)n.ut;ﬂsle ﬁ-:’)’ﬁimﬂlaﬁd mhﬁd éﬂﬂglﬁ@udlsﬂdl wrilstithTherdcubat ed
sodi um bi carbonat e sol uti e _conhined a a
back- ext r acted "W %Fﬁﬂg’%ﬁP8$£ﬁ@n fﬁ%“@€%§Wﬂéﬁg%ﬁagqiéﬁpgﬁng wer e
dried oveﬁpmmmmMﬁhE@Acﬁ iTh¢ emmaldnedamghnizemtrats wert wdshediwithbtiee 4nd. gi ve
crude 5-eyfyd over N? %q;a' ﬁ@ﬁov(a?olqge sglveft ) &h&f#ér\()ﬁuc}f \fﬂcﬂ)wa@%d on ﬂ?s

se urther

r eddi sh- brown ol | e co u next

puri fi cat Fesamatpgraphy ferane %@k&s }0 @HﬂngzOIzI) equpqrﬁFmsﬁéﬁ\giWPCéz i8s.02%, s,

?enéyl i C|) oveBalB&ld RFltws steR§: &@ dFﬂ%),W(@ﬁH?,tﬁw 1),2H)27§6 (2H
, benzyli ebr

PCT/ EPOL1 6%8 5%@4 %ﬁ&pﬁt %. (93@‘1% %1 MSige@m& |"}‘//f§ %‘H %%‘é‘} 09 g,

17. 7 mrol €sH:ph0ads6.um cyanide (1.73 g, 26.6 mmol e), amoni um car bonat e
(10.2 g, 106 mmole), ethanol (80 m) and water (16 nil) in a 5 sealed,
thick walled pressure flask was heated in a 80C oil bath for 48 hours.
After cooling to roomtenperature, the white slurry was poured into

i ce-wat er d stirred at roomtenperature for a couple of hours.
Filtrald om& by air-drying gave hydantoin AA (3.85 g, 92%yield

over 2 st Eﬁgama@laﬂ Fﬂb&-mjﬂmqumdm laédgﬁi MB e BNEQ-dfhoxAil i (Fihddl- broad s,
NH), 8.26 road s, . J}.) in, phenyl), 1.13 (3H, t, CH3).
LRVS (El e SF@y C1 16N202 10 caI C. 244; observed: 243 (MH. Step 5:
A m xture of hydant0|n AA (1.00 g, 4.09 mole), Ba(OH) 2. HO (4.00 g, 21.1
mol e) inStep® water (20 nl) in a sealed, thick walled pressure flask was
heated in a 125C oil bath for 48

O e — 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



‘hours. The reaction m xture was cooled to roomtenperature, acidified to pH "
"3 using 4N sulfuric acid while being stirred vigorousl2g.Febhens28@Eensi 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
wth water. The conbined filtrate and washi ngs were concentrated in vacuo
20 to - 50 WP 8% rali zation with concentrated amoni un?ﬂ%’? %G, sol ution
- gave white precipitate which were fi lipered, washed with water and dried in
vacuo overnight to give racemc 5-ethyl-2-amnotetraline-2-carboxylic acid

(2 2(9)6( ﬁ ) 89% yT@itl) ﬁiuhdn%e(@aﬁﬁolé ;;z? 4§§9m?oﬁ}§1%zma(7smcwas 2434 sRbser ved:
epr uar
PCT/ EPOllBﬁ%‘%ﬁ’irﬁﬁﬁ‘r@c(g%B“g&“B‘yg e fFActiop s bet “%&E@hh W%Tﬁ?%%t etraline

- 2- car boxydactionamixthré Webcontent:3ted & rendlresplventt Thetdsidhiewagtaken hp th BIQAcAnd 7

ol 9; | E 5.31
e SRR, VRPN PSRRI e sl

t enper &t upas §xgacted witlh JtOACT e pembinedomgarioetrads viers weshqémth brite dnﬁdmomac uo to
renove NMO§G,g, aﬁ@&lﬁ&ﬁa@éﬂ. tm bfude gﬁaﬁ&i iwhd Sfliffe®@ oR Has'h%hﬂn&alﬂog;a%{? aqueous

citric acid solution, e enul sion extracted -t o with

met hyl ene(hegpmsfitadc, %W%@/%Q)ﬁ%gléﬁtthgfpmde@ﬂaqséyellpﬁ@o}#éfhwén?é‘@%r i de
extracts YadcoWas) et 2 (MyIREEEd fob U] ngcm@ sl ed over magnesi um sul fate.
The ethyl acetate extracts were washed with water, brine and dried over
magnesi ung@ul:,’f ate. Filtration and concentration gave a crude oil which was
purified by P 2ol um chromat ography (elated with 2 - 54 8%

met hanol / net hyl ene chl oride) to give racem ¢ Fnoc- 5- et hyl

2-am notetraline-2-car yli cid 15(330 rrg, 21% vyi el d¥! asgpa white solid.
HRVS (FAB): C2sH2 @:04 Ql v : 010. 20 EXAMPLE

16 NH
" 10 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:

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},



"Preparation of Frnoc-(DL)-5 iusopropyl-2-amnm notetraline-2-carboxylic acid
(Frmoc- (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 mmole), thionyl chloride (4.30 m, 59.0 mol e)
and tol uene (40 m% 28 February 2005 WD 02/ 18437 PCTI EP01/ 09630 104 was
refl uxed foOP24¥dts. Concentration in vacuo gave PCT/EP01/09630
'3-(2-isopropyl phenyl ) propanoyl chlori;de_ which was taken up in nethylene
chl oride and used in the next step as a crude. Step 2: 5 A solution of
3- ( 2- i sopihRkkRRAxsh @m@mgws%e@ﬂm?me%@x@te@h@(dk&osﬁa ¥ene
~chloride &\%S@#_ﬁ%ﬁ & 1\? %tl on of diazonethane (generated from
6.95 g of Fﬁ& soguanidine) in ether (50 m) cooled in
an ice bath. The m xture was then warnmed up to roomtenperature and
stirred overnight. The m xture was concentrated in vacua and 10 purified by
col um chr omat ogr aphy (20% et hyl acetate/ hexanes) to give 1l-diazo-4-(2-
i sopropyl plagsy! ) but an-2-one (1.87 g, 82%over 2 steps) as a bright yellow
oil. "HNW (CDC13) S 7.10-7.30 (41L m phenyl), 5.21(1H, broad s, diazo),
3.15 (1.H m CHof iPr), 3.00 (2H t, benzyllc 2.57 (\'2‘1 , 124(61L
Elpoa

d, 2 CH3 of iPr) : 2Toar_q cetate
di zzier (20 ny, r(‘)l_0®‘79’< 2 >%8 thyl enhe H@ iGOS%% under refl ux
was sl oM y added .a sol ution of Q20 az0- 4- (2- bronophenyT) oih-2- one (1.87

g,,8.65 mmole) in nmethylene chloride (25 m) over 60 mnutes. After the
addition was 20 conplete, the mxture was refluxed for an extra fifteen

M nutes. The rihercmde 4vemaing but-eldorphenypiperidinset-sarberalic agid (4 CldPBEYL Bemdheaci d

(1.90 ) vasep3rd ackparila i ofthiX{10) &350 RidebicI$apla 0O o ST IREEAbihe fOr 45
m nut es. The I eact i on: guenc ed wt sat ur at (E‘d2 um bl car bonat e

sol ut i on. FeasCl fbs-J- 7\§é¥@°1§ Ve A Sflﬁéd HEoTPSiE ﬁ@@ﬁh’fo AbeEattiPer was
wash ed100 NEBtiFe ks then concentrated to remove dioxane, neutralized with 6N HCl to slightly acidic

(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:
0.
HN X :| + PhO—@—l S Pho—Q—Nj X j
o} o}
‘ LL

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.



~with saturated sodi um bi carbonat e sol ution. The conbi ned aqueous | ayers
were back extracted 25 with nethyl ene chloride. The cor8ifebcuary 806 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/ chrorrato raphy (5% et hyl acetatel hexanes) gave

5-i sopropyl QL& al one (1.57 g, 96%vyield) as a |ight PGEFRERPEP1. 1H NWR
(CDC13) 8 6. 93 7.22 (3H, in, phenyl),;;3.59 (2H, s, benzylic), 3.24 (11L
in, CHof iPr), 3.12 (2H t, benzylicl) 2.52 (214, t), 1.27 (6H, d, 2 CH3

of : P;) ’I?e feistiRe fas tE’a'atedAnmwaww Stra&ed WRR BN, ‘I‘ii@tdn%ﬁ&i &Qﬁ&éa?{&s( g, 8? 34
mol e), potassi an noni um car a
50,1 mrol & B ik P&ﬁr%% %1 o enmedjo gt BreVRll ki
wal | ed pr é‘bsm@efpkahlktmqauhﬁaicmcﬂashthaoﬁﬁﬁ‘gmpﬁy (hastahelEmAcA%mmﬁO&O)N t er
cooling t j i -wat er

9 ! GrovidRad Ogﬁgpx%rdﬁ&‘ii%sah}gﬁq,gfeﬁwso%dg? s, W5, PR (LB, 7988 BT

and stirr eratur

by air- %r&ﬂn@bé@éﬁeﬂdhé%@&érﬁmﬁﬁ 800 o1, 5@6@@4&@%&% ch was used in
t he next step without further purification. iH NVWR (DVSO-d6) 8 10.69 (1H,
broad s Bdp2: 8. 30 (1H, broad s, NH), 6.85-7.32 (3H, m- phenyl), 1.15 (611,
ot . LRMB 15 (El ectrospray): G 5H 5N202, calc. 258; observed: 539
(ZI\/HrNa) Step 5.__BB 2 xture of hydantoi n .BB crude, 8.34 mol e

theoretrcg 7.90 .9, P&,@ 7I ter (40 M) in a
seal ed, th| e flask |n a 125C oil bath for 38
hours. The reactron mxture was cool ed to roof tenperature, acidified to

-- pH 3 using 4N qulfuric acid while bei ngmﬂrrred vigorously. The
suspension was stirred in a boiling water 25 bath for two hours and cool ed

L?eL?B.mt o oo 1o ihiohth kAL BE L St i b Ol R eBEA S o o
concentr ahtfh‘oﬂﬂpmM@@LFmthmeyct@ﬁ@'@s R@td2t 1efa8FveRGEH EPhdrc0 G0 - 106
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 — Phoe—os,

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 weshed 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



~to - 50 mM. Neutralization with concentrated amoni um hydr oxi de sol ution

- gave white precipitate which were filtered, washed w R Rebtuary 2005 dried in
vacuo overnight to give racemic 5 |sopropyl 2-am notetraline 2-carboxylic
acid (1.23 g, 63%yield over 2 steps) as a beige solid. LRMS
(El ectrospr@&? C14HI9NO2, calc. 233; observed: 232 (MI—% 5 Step 6: NH2 N
NHFnoc 0021 8487 i xt ure of raceniic CT/EP01/09630
5-i sopropyl -2-am notetraline-2-car boxgl si.c acid (250 ng, 1.07 nmole),
triethylamne (1.2 m, 8.61 nnmol e), f1 uor enyl met hyl succi ni m dyl
carbonat e gedgpc- 10 CSu, 2.70 g, 8.00 nmole) in acetonitrile (30 n) and
water (30 m’) was stirred at roomtenperature for 2 days. The reaction
" m xture was concentrated in vac to renmove nost of the acetonitrile,
acidified to pH -3 w th 10% Ocitric acid sg t|o aNHj he white
emul sion was exproe ace-t-a-t-s.» th—‘»—u r was washed
with water, brine and ed Mbdi um sul fate tr
concentrat i on gave a crude oi | ich was purified by colum 15
chromat ography (el uted w tQN -) 54 8% net hanol / met hyl ene chloride) to give
racem c Fnoc- 5-isopropyl am notetral i ne-2-carboxylic qcid (208 ng, 43%
yield) as an off-white foam HRVS (FAB): C29H30ONO4 (M+H) cal c. 456.2175;
observed: 456. Thehydap@iEdiNNpL%, 676 pragleywasisupersted in aqueons NaOH (6N, 60 mL)
Foo- 4am naa b RREAYbMIPRE 4 ggecﬁommmsh l(wmd SR aRRSE, theactiBhep 11 cC

To a solution of 1 odobenzen

mol e) , i, ma%masmeaﬁdga%hf%csm tgdlegéﬁa%@c (o~ @z Tale re@lﬂﬁn&ﬂurwyasz mol e,
2. 3 equi v)filiand, waBedWRY witbrdaddaxd \(e&-a%lﬂonl%l Spiferiline-4) in dry

d 12 t d | ] adi 91

- os ereidaa T BhORER) 6 hudhh ?ﬁ%@‘iﬁﬁ@ %@”e grshtaifietdonh ( o
was heat ednatar@Osalt}; which sﬁtﬁﬂddmsmgIEIpeakced!ﬂPIt(E ayl usethdﬂracdnfontbetnﬂxtestepaMS
concent r at@ged prhf ¥ S15 Q¥ ulcd B CBdeg, A8, February 2005

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.




WO 02/ 18437 PCT/ EPO11 09630 -107- was treated with water._and extracted with
Et CAc. The conbi ned organic extracts were conbi ned, waSTERTATY BO%R i ne,
dried over Na2SO4 and concentrated to give a:brown oil. This crude product
was purified on flash chronmat ography (hexane/ Et OAc, 9515 to 75125) to

provi de roduct CC as a slightly yell ow SO|Id 9% . 1H
NMVR ( CDCI 3;]&03’%%3?ddt 2H), 5 6.95 (dd, 2H), 6.84 (t, ,fgﬁ’d@gﬁf‘g, 4H) ,
3.32 (t, 4H) and 1.84 (t, 4H); M (elem-rospray) nie 220 (MrH), Calcd for
C13H17NO2, 219. Step 2: CC DD To a solution of the ketal CC (3.22 g, 15.16
mnol ) i nEXAMBIER1(100 mlL) was added 6N 1o hydrochloric acid (50 nl) and
the reaction was heated at reflux overnight. The resulting reaction m xture
Was ConcePdpatatidn bf FRtRVEniS QISR ethyi¥Rnfifith S Hithe MBSy t CAc and
neutrali zggp\?\f&t gueous 6N Na SO|%—§}E frﬁ;} he Iayergs&%v\%]ag‘g%%gﬁgt ed and

t he aqueo /' was extracted wth Et OAC The conbi ned organi c extracts
were washed with brine, dried over Na2SO4 and concentrated. The crude
product waeppurified on flash chromat ography 15 (hexane/ Et OAc, 80120- 60/ 40)
to give the product DD as a yellow oil (2.58 g, 97% . M5 (electrospray)
me 176 (MtH), Calcd for Cl1H13NO, 1,75. Step 3: DD,EE 20:To a sol ution of
the ketone DD (2.53 ¢ 46 mMolp—{'n et hanol ( ) d ter (25 ) in

a gl ass pressure boypl e, e 4add . : @' (Z{j g, 134.3

mmole, 9 equiv.) an ium 0 2 equiv.). The
m xture was heated at 80-90 C for 18 hrs. The cool ed reaction m xture was
concentyated in uacuo and the residue was treated Wi pgp water, extracted
with Et OAc (4x). The conbi ned organic extracts were washed with water,

g:):aggr ggcg\pl)le::a 'Jl% "" %Blaad?%ueneg%gggcﬁn%% ((6} qltfv‘ﬁ%x%% g, 95%yield).
M5 (el ect mmoéwdm@ %SS(gwmpL @31 odndlor4 QUBHAENSGRm Brthutoxide (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

‘—u-r-

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



28 February 2005 WO 02/ 18437 PCTI EP01/ 09630 -108 Step 4: EE HNH 0 1\, The
- hydantoin EE (3.36 g) was suspended in aqueous NaOH ( 68 FEbobary £0%hd 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 S ing slurry was filtered, washed wth ried to
give 4-am n{g’- f—al)bf%?gﬂyl pi peri di ne-4-carboxylic acid (APPC\)A@Q@E%"%&%P?e solid
(5.26 g, >100 %yield, wet and contanjpated with inorganic salt), which
showed a single peak on HPLC and used directly for the next step. M
(el ectrosseepygy W 221 (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 15 suspended in, di oxane (80 nil.) ang aqueoys 10% Na2CC3 (40 m),

treated with Fnoc O ( g, .57 mmol e, 1. A gqui arﬂj stirred
vi gorously overnight. actepn m'_x.LH.Le Ren entrated to renove
di oxane, neutralized 6 to slightly=gcid NH and extracted

sh i

0
with Et CAc. The combined organic extracts were washedgwi th brine and dried
over Na2SO4. Renoval of thgpsolvent gave the crgge product which was
purified on flash chromat ography 20 (hexanel Ei OAC to CH2GI21MeOH) to give

288 (o 2hy PO pirgip of By keipng BB . o8BS sl o hanSL SR L sl DT
mM z 465. 17BBglasCplessiird il i dreld@ddd Odidrionivkh Sarboibhie (4199, £3P ML 6leGuiR) apdir at i on
e Apmo b S tyabide (b 120 1EMYL 4 BleBY) it S A MG BBACGTRE &

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 QQ as a white solid (2.01 g, 95% vield). MS (electrospray) m/e 260 (M+H),

Caled for C1aH7N:05, 259

10 Step4:

G

H Boc
GO — SO
Bo
o] o]
Qa RR

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 ﬁag,
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 p£essure. 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



Step 1: 5 FF To a solution of 4-iodotoluene (2.12 g, 9.
mmol ), 1, 4- di oxa- 8-azaspi ro[ 4. 5] decane (2.8 ni, 3.12 g23frf—b823f¥r39ﬂ5 2.2
equiv) and sodiumtert-butoxide (2.6 g, 27.08 mvol, 2.8 equiv) in dry
di oxane (40 nlL) were added tris((hbenzylideneacet one) di pal l adium (0) (44.4
ng, 0.0485 nd tri-o-tolyl phospbine (59.0 ng, The
reaction Wag(%% d at 90 Cfor 26 10 hrs. The resulti nggégg%ﬁl"%ﬁﬁomxture
was concentrated to renove solvent. Thg._residue was treated wth water and
extracted with Et OAc. The conbi ned organi c extracts were conbi ned, washed
wi th brinétepdri ed over Na2SO4 and concentrated to give brown oil.. This
crude product was purified on flash chromatography (hexane/ Et OAc, 9515 to
75125) to provide the pur e p?}%uct FF as a slightly yellow solid (1.937 g,
A2

85% . ;H NWR (CDC 3 N : 687(d : 399 a 15 4H), 3.26 (t,
4H), 2.26 (s, 3H) 4 FOCn of the
ketal FF (1.58 g, ¢t ' Nacetone (50 N 20

hydrochl oric add (25 nL) and #he B@®cti on was heat ed at | ux overni ght.

The resulting reaction mxtufe was concentrated to renove sol vent. The
resi due was taken up in BROAc and neutralized with aguequs 6N NaCH
sol ution. The layers were separated and the aqueous |ayer was extracted

Wi t h Et OAC Thi bis-Boe Riiaffsin RRYRFE 3 X bt Was\WREvAIRS DRER Wbty ) Y dikes addt | ed
SLINLT N e et e S R
yel | ow s0i bvegdightat @pn%ﬂﬁ:eratvﬁe ghvil gecthiFip Slpdradiktuye HIQ hivivkl] confpMtiof of Bk
C12ZHISNO, 188ion2 %h?%?éu%%rMQQ%aé’é‘BnQe%ﬁ%t%é R der sellabed Prosae B remiove DMESRA >
extracted with Bt,O. Without purification, the resulting aqueous layer containing 4-amino-1-(2-
methylphenyl)piperidine-4-carboxylic acid (2-MeAPPC) was treated with 6N HCl to adjust the
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 (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 2.22 (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)

(X + C@ — &9{33

Step 1:



To a solution of the ketone GG (1.17 g, 6.18 mmol) in ethanol (60 m.) and
water (20 xnL) in a glass pressure bottle, were added 28frabRarn2edr bonat e
(4.74 g, 49.44 mmole, 8 equiv.) 5 and potassium cyani de (1 01 g, 15.54
mml, 2.5 equiv.). The m xture was heated at 90 C for hrs. The cool ed
reaction mxture was concentrated in vacuo and the resi duE wl:ét B{xgat ed with
wat er, extr QB th Bt oac (4x). The conbi ned organic exttk 0[1@ re washed
with water, dried over anhydrous Na2§@t and concentrated to give the
spectroscopically pure hydantoin HR as a white solid (1.554 g, 97% vyield).

M5 (el ectros pr a‘gs)a sM&h&ﬁ&f 1CVEFR, isoGabpibehfthe Qb@glld\ﬁﬁﬁholgiﬁ—dﬂﬂ $tep 4: NU

oo P o o SRR B S ™

hydr ol ysi s104.2 renole2@equon imiloytdinxena(asd 1b) meladchﬂl zed wi th conc.

li ghtl aﬁa%ﬁi# aﬂgg
\?va!t gr a%dqg%(?ieﬁg%e@mﬂégﬁl no- ( jﬁgo% heny L‘l!ldp%{ralgg&ﬁem% car tgoxyl iC
acid (4% wepPBemred) wdihe reaction|waghgaged pp9Gy'C stlzﬁd:r% Eermlhnsé@acawmmre

cont am natypg czVﬂcEﬁhdtéEﬁb gahbve saa&&,)ueate&mtﬁ Ratehsweshractsd Wah expeaknen HPLC and

ggalgll\lrzg%y gllgg og@mt hegnext(%%} in la(saﬁ:etd%ti%ﬁz, ng\ﬁ ove:r%?ﬁz&l;/I1L )y, aled for

4- am no- | fbmfmawto@emﬁrc)m pib r Tiid drededraducbwas\putifiediait ﬂash&hMm%R@ﬁph rom the

| ast step i,0xa 3 (40 nil),
treat ed w(wtli@ﬁn%zg?l7%6% v%lﬁydi A’fﬁ}m%fgsé%ﬁ ng%‘ﬁf?% ey (2.2
g, 8. 590 mPoeridd)s Mfyuiz2p2 BvidvGrlcdifon @ gth:NOgo6lous| y overni ght. The reaction
m xture was then concentrated to renove di oxane, neutralized with 6N HO to
slightly gghyd.c (pH 6) and extracted with EtGAc. The conbined organic
extracts were washed with brine and dried over Na2SO4. Renoval of the

sol vent gave the crude prqduct which was purified on flash 5 chronmat ography
" (hexane/ Et OAc to CH2C12/ Me to give pure Fnoc\4- MeAPPC (2.16 g, 82%

ND(Z] —_— N&d

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:



overall yield for two steps). 1H NVR (DMSO-ds):_ 7.88 (d, 2H),77.72 (d,
2H), 7.39 (t, 2H), 7.30 (td, 2H), 6.99 (d, 2H), 6.82 (@8Fekr)ary 2008 (s,
3H); MS (electrospray) W 457~M+H), Calcd for C28H28N204, 456. 1o EXAMPLE
19 Preparation of Fnoo-4am no-I|-(4-chl orophenyl) pi peridi ne-4-carboxylic
acid (Fnoc- 4 c-OH) Step 1: G N30 Il 15 To a sol ut]
1-chl oro-4- i%Vé)d@Dlgﬁgene (2.38 g, 10.0 mmle), 1,4-dioxa- S?QQ%E%IP%%O [ 4. 5]
decane (3.1 nL, 3.44 g, 24.0 nrnole,-$94 equiv) and sodiumtert-butoxide
(2.68 g, 28.0 mole, 2.8 equiv) in dry dioxane (40 nL) were added
tris(di bepetisivierraide (10723, 26.p alrhd, . 3egoR). THonisturegas 2194 XB008E Yorasd

Lt 9t oL ks ARSIkt nflinee s TRl iy el B SCRD O BBEA G R3O0 ©

for 9 his. The resulting reaction mxture was con :
sol vent . THR Theseseitias procipiiate wpewrien fliered, washestthareugidy with wetsgand dried et OAC.

The conbi RRI he BARGInDY bACHBitNBHE (2. BY /Qﬁﬁld A8 hpthat MAHD Ch ol | €d over
Na2SO4 an&lpf_grf\gégtrat ed to give a brown oil. This crude product was
purifieEH } t28hr omat ography (hexane/ Et OAc, 95/5 to 75/25) to provide
the pure product Il as a slightly yellow solid (2.17 g, 86%. zH

NVR( CDC13$tep#: 18 (dt, 2H), 6.85 (dt, 2H), 3.98 (s, 4H, .3.28 (t, 4H and
1.82 (t, 4H). 25 Step 2: 11 11 28 February 2005 WO 02/ 18437 PCT/ EPOL/ 09630

-112 To a solution of \the ketal 11(2.123 g, 8.39 mmole) in acetone (75 nL)
was added 6N hydrochl i cact ggig Was heated at

id (30 nL) and the
reflux overnight. The action mi hg‘?mntrated to
és It aken.ug. i Ay an nfutralized with

renove sol vent. The
aqueous 6N NaCH sol ALhe M-AYers were sam N aqueous | ayer 5
was extracted with Et OAc. Thegconbi ned organic extrac % washed with

brine, dried over uu W

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.
Step 5:

Boc

O
N\f NHFmoc
N N —> N X
o
\'AY
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 mL, 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-



Na2SO4 and concentrated. The crude product was purified on flash
chromat ography (hexariel Et OAc, 95/5- 70/30) to give t 8 Fsbpa20d¥) 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, vver)(gv a Jag‘é?an’m)ni um car bonate (5.36 g, 55.88 mm?éﬁﬁgm@&g?v ) and
pot assi um cyani de (1.135 g, 17.46 mmiz1-2.5 equiv.). The m'xture was heat ed
at 80-90 C for 18 hrs. The cool ed reaction m xture was concentrated in
vacuo and isdpeopyipberglipinesidine-daatberylit Seid 2-BrARR@ was exdtecaeitle 6N HGl ko BjAc (4x) .

Th nmb d
Na2SOL ahéﬁﬁiﬂﬁﬂﬁtﬁﬁ“ﬁh.ﬁ%@ BB A ol (SN PR 2

a white sdrifidoeoc-@(F 7@&*—‘9@%@%1 afqmw@sn%&reeéwa@pﬁhast)mqmtmm@he Cal cd
for Cl3Hhd4chbiBR%tu #Rs corlceiirafed u&aermuy?r&y&@% RirfdvEEiokahe, &%ug}zea\@&h

suspended ueous O—J( L o0 ) . a heated at 130 C for days Upon
the co IMWW ﬁgﬁé ﬁ%‘r"%ﬂb%

QrEaRif E"tfaé%?é“ﬁeafﬁsh‘?d;&“ﬁ‘rlg
neut r al i zelfiedvoven a:ﬂmdmusmasmand;tomkﬁtiayeda'fh@hrﬁde(mbﬂu&)ms pllvitied efoughi ﬂagh slurry

was filtergd r

4- ani no- | - '-"g'\re?%r ﬁ%a@?e?%ﬂ%éécﬁ Wﬁd@qﬁ&?ﬁﬁ}eé"“é%l?rad‘fcﬁfr%c'&ngy s a
whit e sol iagvhite Stﬂiil (gl) 4631@%?&%f3hmwemwoahyﬂanmm)aﬁmm5@712%3, Gacd)foni C
salt), 28 ehny 22560 02/ 18437 - 113 PCT/ EPOL/ 09630 whi ch showed a
si ngl e peak on used directly for the next step. M5 (el ectrospray)
Ve 25:1% (MH), Cal cd for C12H15C1N202i 254 Step 5: C .

=

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 The crude 4-am no-I-(4-chl oropphenyl) pi peri di ne-4-carboxylic acid
(4-CIAPPC) fromthe |ast step was suspended in di oxane8Fepouary 2§05 nd
aqueous 10% Na2CO3 (50 m), treated with Fnoc-C (2.0 g, 7.75 nvnole, 1.2
equiv) and was stirred vigorously overnight. The reaction 10 m xture was
t hen concen o renove di oxane, neutralized with 6N ightly
acidic (pHW&%/g%a'} extracted with Et OAc. The conbi ned orggﬁ%&@%ﬁé acts were
washed with brine and dried over Na2@4. Renoval of the sol vent gave the
crude product which was purified on flash chronmatography (hexane/ EtQAc to
CH2Cd 2/ Me@&dp2t 0 gi ve pure Fnoc-4-CLAPPC (1.18 g, 81% overall yield for two
steps). 1H NWR (DMSO-d6): 7.87 (d, 2H), 7.71(d, 2H), 7.39 (td, 214), 7.30

i5 (td, 2H), 7.20 (dpgll), 6.92 (d, 2H), 3.44 (d, 2H), 2.93 (t, 21-1); M
(el ectrospray) W 477“1I , dofor C27H
Preparation of Fnoc-4- *W;J nyl
(Froc-4- 20 PhQAppc- ep \L.../* (ON0) O LL
0

476._ EXAMPLE 20
I(iji}é-&-car boxylic acid
olAt1On of
1-i odo- 4- phenoxybenzene (3.15 g,

.6 mol ), 1, 4-dioxa-8-azaspiro [4.51
decane (3.3 nilL, 3.66 g, 25WWnmmole, 2.4 equiv) XMd sodiumtert-butoxide
(2.85 g, 29.7 25 mmol, 2.8 equiv) in dry dioxane (40 niL) \were added tris

(di benzyl i denepseinieh dihﬂa&daﬁwiwgmn%l)s.sé ﬁ%}oﬁ) mcet&%édﬂmh%agggie’s&q

tri-o-tolyl: osphi (64 0.4, ) e -reaction was at 90 C
for o histrdm %mqf%@i? witthe FeActiams Peatoas refm oumRIght dare restliegroy o
sol vents ?dctfoplwas adnceRPdbd VR0V k8ant. PhIHBQIFRWBRI whth4rTheandesi due was
treated w tyer..and ex 1 Et QAc. The, conbj,ned organi c extracts
wer e corrm.l %%&m&/g"é eaauevﬁutqﬁagﬁ @gr)vugf?ﬁ TOVer s%@%ﬁ'ﬁ@h’ﬂ aﬁ‘ﬂﬁ%‘gﬁ)fef Wt%ed to
gi ve a br extrcted ith ExbhAs Thewombimed drgotic extmcpwerdwashledoritlf brashdrizivedrat ogr aphy
(hexane/ EfGR® / i I as a slightly
yel | ow sol.id f ?gg%gCéngrSa . ﬁﬁ%ﬁ%@?p&%&@ﬂﬁﬁﬁ%ﬁ&g &ﬂhy
(hexane/EtOAc, 90/10 to 70/30) to give the product XX as a yellow oil (843 mg, 3% yield). MS
©10  m/z 190 (M+H), Caled 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:
Boc
|}

Me H o ' Me \(0
N N
DO — DX
Boc
(o] (o]
YY Z

Z



5 (m 2H), 7.03 (t, 1H), 692697(|n 6H) , 400(5 4H) , 3

1.86 (t, 4H), Step 2: LL MM To a solution of the ketal 2I§LF9(b2‘JaTBB%5 8 86
mol ) in acetone (90 nL) was added 6N hydrochloric acid (45 nL) and the
reaction was heated at reflex overnight. The resulting ,. to reaction

m xt ure was rated to renove solvent. The residue d wth
Et CAc and ‘gg&?ﬁ% zed with aqueous 6N NaOH The layers ﬁeﬂs{a%g(r?at ed and
t he aqueous |ayer was extracted w thi28t.OAc. The combi ned organic extracts
were washed with brine, dried over Na2SO4 and concentrated to give the
crude product %mlMpmwnmtheﬂw@@thYI(wlmg;Blﬂmmm@rlapiiwﬂ(m@zaﬂé/m&t@c

90110 t -
15 (el ect rzgaea@ *%’pbm el\éﬁca}ﬁh;;ﬂ:g%] Mo, 2 i) eRptg o 41 '%@g’ MM NN
NH To a 3313 @ﬂﬂgzﬂéﬁﬁfamd?usszw?ﬁw& Abe uﬁ%a{t erl)
and wat er adtﬂﬁon,mﬂe)reacﬁoﬂtmgécﬁﬁﬁ) AR Fllbw sddadidn :ﬁd WR stRrcadn e fﬁi%ﬁrﬂm

b 0 t 22
ca 001 L T A AR P A L O,
cool ed reass ﬂ'@mtahen(mmeﬂt%s (306 md 9 wraskeidodthi brine §3x30 nﬂ.n),oﬂrteﬁ@wx@shydu&xswas
t ted whil 4
extracts. o incafi ARE o plelC The e UG yABTINRR, P SRR
concent r atiggughdlogh %Omﬂeg@pb)b@mmd@wmmfw-b&ﬂ/@)méamb@@nIEI‘HN Bs a white

Glorionsod S5 A LB T L SRS A G B s

4 PhO© 024H33N305Na, 482.2267

RaY o& Ra Yo v

The bis-Boc hydantoin ZZ (1.29 g, 2.818 mmol) was dissolved in DME (20 mL) to give a

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.



---0 PhO NN The hydantoin NN (2.28 g, 6.76 xmol e) was suspendéd i n aquéeous
NaCH (6N, 60 nL) and heated at 130 C for 4 days. Upon 28dmbingry 8905 by HPLC)
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 diyegdnaka79i ve 4-am no- 1- (4- phenoxyphenyl ) pi per ipgemPfzedso
carboxylic acid (4-PhQAPPC) as a white solid (2.53 g, > 100 %yield, wet
and contami nated with inorganic sal+)24-whi ch -showed a single peak on HPLC
and used di rgztlﬁ for the next step. M5 (electrospray) W 313 (MtH), Cal cd
for Cl8H2 . . 10 Step 5: PhO NH2 ~- PhO CO2H The crude
4-am no-| - (4- phenoxyphenyl ) pi peri di ne-4-carboxylic acid (4-PhQAPPC) from
the | ast SEremratis of Bpantietiner-GHaxRoephaH)bipeadite aqud0ufickBid he2£08 (50
n) and sji A@Q-O'Ii{ngor ously overnight. The reaction m xture was
concentrated t ve dioxane, is neutralized with ON HC1 to slightly
acidic (pH 6) and extracted with Et OAc. The conbi ned organic extracts were
washed wi t¥€Bdi ne and dried over Na2SO4. Renoval of the sol vent gave the
crude product which was purified on flash chromatography (hexane/ EtOAc to
CH2C12/ MeCH) to give pure Frnpeod- PNOAPPC (248 9, 60%overall yield for

two steps). 1H NWR ( X ) , 2H), 7. (d, al-38 (t, 2H),
7.30 (td, 411), 7.0g4n(dt , 46. 6 (m 2H), 2.94 (t,
2H); M5 (el ectrospray 35 ( Cal cd for 34. 28

February 2005 WO 02/18437 -116 EXAVPLE 21 PCT/ EPO1/ 09630 Preparation of
Enoc- 4- ami no- | - (2- met hyl phenyl ) pi peri di ne- 4- car boxyl Adfaci d( Fnoc- 2-
MeAppc- CH) _

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

10 hrs. 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
15 for C1H1sNQ3, 249.

Step 2:

MeO MeO

@OSJ e Do

To a solution of the ketal AAA (3.10 g, 12.45 mmol) in acetone (90 mL) was added 6N
20 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
25 (hexanefEt_OAc, 90/10 to 70/30) to give the product BBB as a yellow oil (2.53 g, 99% yield). g .‘



mmol ), 1, 4-di oxa-8 azaspiro [4.5] decane (6.88 g, 6.2 n28 Z®ruary@eds 2.4
equiv) and sodiumtert-butoxide (5.3 g, 55.2: mml, 2.8 equiv) in dry
di oxane (80 nL) were added tris(di benzylideneacetone)dipalladiun(0) (91
ng, 0.1 mo ri -o-tolyl phosphine (122 ng, 0.4 nmmol ction was
heated at 9 10311%3% or 26 his. The resulting reaction mx%ﬁ?glt@g%%ﬁ
concentrated to renove solvent. The regi.due was treated with water and
extracted with Et OAc. The conbi ned organi c extracts were conbi ned, washed
Wi th bri néyMBI(CBALpTE0 (aPEFO4.580d] 1EN G368 3641 oHY, 3.80 () BERBEMmOAH) andhi S
crude prgdjg%l %g§ purified on flash chronmat ography (hexane/ Et OAc, 9515 to
75/ 25) to provide”the pure product 00 as a slightly yellow solid (2.66 g,
57% . FH NWR (CDCI 3), 7.12-7.18 (m 2H), 15 6.94-7.06 (m 2H), 4.01 (s,
4H), 2.985%3 4H) and 1.88 (t, 4H). Step 2: 00 PP To a solution of the
ketal 00 (2.66 g, 11.4 mmol) in acetone (70 nL) was added 6N hydrochloric
acid (35 nL) and themMeg@acti on was heated mple(85 C overnilght. The resulting
was dil uted

20 reaction was concented t enove sol ve Th sud

wth Et OAc and neutral §t eoLshla - lJayers were
separated and t he aqueobds=4 ay S extract it ¥ The conbi ned
organi c extractswere washed with brine, dried over SO4 and

concentrated. The crude proBB& was purified on @C&@sh chromat ography
(hexane/ Et OAc, 90110 to 70130) to give the product PP as a yellow oil (2.04

g, 95%s M5 2576 ebaehiansitheletondBBB0 1 %/Is mrhél) Bxiaa6] (68 2 20t 8 o2 8
February %(1385 V\g 02/ 18437 tECT/ EPg /09630 -117_ St ep 3. PP ]
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
C1H7N303, 275.

. Step 4:

MeQ MeQ Boc

* N g
DO — OO
Boc
0 4]
CCC DDD

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, |



QQ To a solution of the ketone PP (1.54 g, 8.15 mmol) in ethanol (60 nlL)
and water (20 nL) in a glass pressure bottle, were add@8dehraam2Ofh
carbonate (4.69 g, 48.9 mvl, 6 equiv.) and 5 potassi um cyani de (800 g,
12.2 mmol , 1.5 equiv.). The m xture was heated at 80-90 C for 18 hrs. The
cool ed reac ture was added to icy water (300 m)

vi gor ousl y *vbcbglétgw(m n. The resulting precipitate was sug{}g%n PGlIa(fered
washed thoroughly with water and dri-adéto yield the hydantoin QQ as a
white solid (2.01 g, 95%vyield). M5 (electrospray) W 260 (MH), Calcd for

C11H17N3COB%ep359 10 Step 4: Boc NO, f 1'i_ .ONHv v )..-N, Boo RR To a
suspensi on of the hydantoin QQ (1. 07 g, 4.13 mml) in dry THE (25 nL) were
added di-tert butpydgdi car bonatgbc(Z 25 g, 1@?62 mol , 2.5 equivVv),

triethylamne (0.63 46 54 nmmol equi Vv, nlq % (36 nmg, 0.29
mol ) in successi ong @;n.‘, ut es Mt‘5 ddi |on e reaction
turned into a dear ow N and was st @?e room
tenperature. The reaction m xtAlre concentrat ed under duced pressure
to yield a solid that was then taken up in EtOAc (300 nmL), washed with IN
HO (3x30 nl), saturated®BBueous Na2CO3~(2x30 nl) andbri.ne (2x30 ni),
dried over anhydrous Na2SO4 and concentrated under reduced pressure. The
crude |ight yefHe®i- maduﬁitoma:mmwma‘g,edsh&ﬁ&p@&kddsaﬁmlﬁmr@mﬂmwgye 20

(hexane/ Et 11038 oc h oin RR as a

Wit o sol ek polsony Toigsgotbigothafied IENEOLTa mT 250l padfbeedcbon v

C, 24H33N, %xedbﬁﬁnﬁﬁt Fedor tanype2OQs, WA 4Rar zEﬁiﬁirEPHRE{O%&@d edrifetfsinep 5;
of the reaction. The reaction mixture was concentrated under reduced pressure to remove DME

and extracted with Et;O. Without purification, the resulting aqueous layer containing 4-amino-
1-(3-methoxyphenyl)piperidine-4-carboxylic acid (3-MeQAPPC) was treated with 6N HCl to

adjﬁst the pH to 11-12. This 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 (¢, 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 (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:



RR The bis-Boc hydantoin RR (1.71g, 3.72 mmol) was dissolved in DVE (23 nl)
to give a dear solution. To this solution was added 1NSNERDFHAr8208%, 33
mol') and the reaction was stirred 5 overni ght at roomtenperature, giving
~a fairly clear m xture. HPLC showed conpl etion of the reaction. The

reaction m i s concentrated under reduced pressurepbppbEBNs F DMVE and
extracted vmth t Wthout purification, the resulting aqueous |ayer
~ containing 4-amn no- I -(2- nethyl phenyL)pz.perl di.ne- 4-carboxylic acid
(2- McAPPC) was treated with 6N HCl to adjust the pHto 11-12. This
sol ution (30 Mnjixigasofidemloliedylsydaheniniohe (B,Oﬁ-gilmmleo,aﬁtasﬁl)mawdﬁder(w gd with
10 Fnoc- 0256%&&&93.&10%@1& Egﬁ)onm].e'(g 53\%‘@9\3)1111?19@ I"%{ati e %@W (elgEnq:lgom

t enper at ur e. The Teaction essure

to renpove 2dAsdaihick waled P@Fﬁ“ﬁf‘ébswéts reatrgl iIn@B0° Geitibath for &%b@ﬁs vﬁf@qli cmlmt,o The
conbi ned eﬁmmweaﬁewmeﬂwﬁdrwmh ﬁerwa&,andgﬁxeéa aeyde)bt cAPEMAROUS
Na2SO4 an? conc ted Th'g1 de product ijfh] k‘éﬁ’rﬁm u h floash
chr omat dgr Py ]f (H’éf EriGRles T h\ﬁl’\@m&?”\'} Vbe%c?dt%f“
Froc- 2- MeARREas d-RhidSsolid W MBS Q) Msb(d%) PR ﬁ,uﬁ%r%{admi)ds i3 am, tntaﬁdplmi)Boc
hydant oi n RR). ' I|{\||\/FS(D|\/150 d6 (i ?-H%O (23 ﬁ%
oH), 7.310@0d8049H, m 112‘%%{“"1’}{19 CrgHgh:Qrecaley Obseyfzd( B¢ 251@“1 12 88
(m 4H) and 2.22 (s, 3H); M (electrospray) nie 457 (MtH), Calcd for C
H28N20O4, S&p@: 20 EXAMPLE 22 Preparation of Fnoc 4-am
, 0-1- (2-isopropyl phenyl ) pi peri di ne-4-carboxylic acid (Fnoc-2- iPrAppc-QG)
Step 1. SS 28 February 2005.\\0 02/18437 PCTI EPO /09630 -119 To a sol ution
of 1-iodo-2-iso-propyl benzg (10.0 g, 40.7 mmol) - di oxa- 8-
azaspi uro[ 4. 5] decane (12.0 g, 93.0 mmmol, 2 iV) and sodi um

0

tert-butoxide (10.0 g, 104. 2 .6 eq'cn'vj—‘i'n dy ane (160 L) were
added tris(dibenzylideneacetone Ep @di un(0) (180 ngy®. 197 nmol ) and
td- o-tol yl - phosphi ne (244 of\ﬁ Ot

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

Step 3:

Dllll
OIIII

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

crude oil which was purified by column chromatography (eluted with 1 = 5 > 8%



5 nmg, 0.80 nmmol) and the reaction was ‘heated at 90 C for 26 hrs. The
resulting reaction mxture was concentrated to renove 28diebarry 200%at ed
with water and extracted with Et OQAc. The conbi ned organic extracts were
conbi ned, washed with brine, dried over Na2204 and concentrated to give a
brown oil. Thi S crude product was purified on flash chronato

(hexane/ Et ORQ 2B¥9E_ 75/ 25) to provide the pure product Sgcyg é’“gﬁsgghtly
yellow solid (3.61 g, 10 35%y| el d).oh6 mz 262 (MtH), Calcd for
Cl6H23NO2, 261. Step 2: SS Ti' To a solution of the ketal SS (3.24 g, 12.4
mol ) in aﬁbﬁiaﬁalanétﬁﬁexmaﬂdﬂm) tagideﬂmﬁédl abitEl-0 el ot Ibha;qﬂcﬁ}dbﬂ&mm:) and the

Ll TR e e E e,

neut r al i z&#8-248Bhobserred dd8. MTH ( 6N) . The | ayers were separated and the
aqueous | ayer was extracted with EtOAc. The conbi ned organic extracts were
washed with brine, dried over Na2SO4 and concentrated. The crude product
was purified on flash chronmat ography (hexane/ Et OAc, 90110470130) to give

t he produ 62 yeIIow oil (2.42 g, 89%. "H NWR 20 (CDO 3): 7.27
(mm‘-‘d%@é@@?— 3.58 (rn,1H), 3.20 (t, 4H), -2.60 (t, 4H) and
1.25 (d, 6H); M - 218 (MtH), Calcd for Cl4HLI9NO, 217 Step 3: Tr UU To
a sol uti oﬁ’r@ﬁratlheOf&m%bﬂmmﬂ(%@@h@ﬂcydomm-;ﬂbMC heish (Fm¢casdpetGHhnd
water (20 mL) 25 in a glass pressure bottle, were added ammoni um car bonate
(8.1 g, 84teg1mol, 8 equiv) and 28 February 2005 WO 02/18437 PCTI EPO1/ 09630
-120 potassiumcyanide (1.72 g, 26.5 mmol, 2.5 equiv. The m xture was
heated at 80-90. C for 18 is. The cool ed reaction m xture was added to
icy water (400 m) and st'd vi gorously for mn. The resulting
precipitate was suction fiTtered, washed thorotugly W|th water and dried to

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



~yield the hydantoin Was a white solid (2.78 g, 91%vyield). MSniz 288
(MtH), Calcd for 5 CI6H21IN3O2, 287. Step 4. UU N To a f8HebnsrpROed t he
hydantoin W(2.74 g, 9.54 nmmol) 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.wﬂj‘ﬁﬂg‘"’iS mnutes after the addition, the reg‘g:?’FB%IO?q}?ned into
a clear yellow solution and was stirreg overnight at room tenperature. The
reaction m xture was concentrated under reduced pressure to yield a solid
g hatOI was aﬂmng&kmmmi;%g?@gx a(ﬁﬁﬁzmlia)thfdﬂ@ﬁmad B 2%biétsb1riém@ﬁaﬁ30 m_)T ]
ri ed over_.anhydrou and concentr.ate er e re. e
crude |i g-ﬁ’ﬁ{l}% Nidig Oé?dota (29 feRapegafpes qudifted o & ng{}wgﬁ@ﬁﬁgﬁ?%%e@%&’ﬁ%hy
( hexane/ Es@ed vigdsustys The a8pensivngiay etirtdign p bodingwaterBaith foh twtalning and vhbles a
white soli 4 (=1} : f . o,
467, st op Bl Sapdpt My Ml os ffflsd Wihe bl gwﬁ@ﬁwl ved
in DVE ¥ 30 hargmbipedfilirate gndiwashings wergieprasntrated inypaiode - 30 imdn BdithN NaOH
§45 m., t450ﬁﬂé’ﬁ&z§t_ g@dﬂﬂnbx?lﬁnﬂ_ lﬁﬂﬂil xlidé@ol\iﬁtﬁn_ %ﬁé{v rﬁa?:pi&ﬁéa md Wee ﬁl@fk@, wash?d h
enper at ure ving.a fair cle m xt ure. etion o e
reacti on. vﬁ‘ﬂé&%&%‘?@%ﬁﬁl N PERERL o GHE Fé?ﬁ’d“%%ﬁ’%f%ﬁﬁ%’gghwﬂ? 'g"sur e to
renove DMearhordlic sid (0dCige G0%iyidhd)Es 2 @hitd¥olil OLRMP (Elediosmty)o K HaANO . @klidg5t ng
aqueous | ] I irno- 1- (2 28 February 2005 WO 02/ 18437
PCT/ EPOL/ gﬁ%@"@%@@%ﬁ%ﬁ%@%ﬂenw ) pi peri di ne-4-carboxylic acid
(2-1 PrAPPC) was treated with 6N HO to adjust the pHto 11-12. This
soluti&h (-45 nL) was then diluted with 1,4-di oxane (45 nlL) and treated
with Frocgfep@3l. 78 g, 6.89 nmmol, 1.5 equiv) and stirred overnight at room
tenperature. The reaction m xture was concentrated under reduced pressure
to renpove di oxane, neutralized wwth 5 IN HClL and extracted with Et OAc. The
conbi ned organi c extracts~were washed with brine

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



~dried over anhydrous Na2SO4 and concentrated. The crude product was
purified through flash chronmatography (hexane/ Et OAc- CB8CERiMeyPH0T 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

Frnoc- 4- am ngﬂogl(l%“??ret hyl phenyl ) pi peri di ne- 4-carboxylic aE?HEWﬂ?ﬁQ 3-
MeAppc-OH) 15 Step 1: To a sol ution of3p3-i odotol uene (4.36 g, 2.6 nL, 20.0
- mol ), 1, 4-di oxa-8-azaspiro [4.5] decane (6.88 g, 6.2 m, 48.1 mol, 2.4
equi v) anE®&XAMBIED7t ert-butoxide (5.3 g, 55.2 nmmol, 2.8 equiv) in dry

di oxane (80 nL) were added Iris (dibenzylideneacetone) dipalladium(0) (91

"9, 20 0. Rk Podt kL Yo AESEALECARR) g1 o Tl oc 1 1

was heated at he ' r rng reactiron uré was.
concentrated to renove solvent The residue was treated wth water and
extract ed Ptth Et OAc. The conbi ned organi c extracts were conbi ned, washed
with brine, dried over Na2SO4 and concentrated to give a brown oil. This
crude product was purifjad on flash chromatography (hexane/ EtOAc, 95/5 to
75125) to provide the pure~preduct 25 WV as gaglhkghtly-yellow solid (3.21
g, 69% . 28 February 2005 /184—3—?—P€:I'YEP01 O3 -122 Step 2: WNWxx To

a solution of the ketal WV (2% g, 5.36 mvl) MrEAC ne (20 nL) was added
6N hydrochloric.aid (10 nL) and the reaction ted at refl ux

overnight. The resulting 5 reaction was concentrated to renove solvent. The
residue was diluted with Et OAc and neutralized&@Eth agqueous NaCH (6N). The
| ayers were separated and the aqueous |ayer was extracted with Et OAc. The

conbi ned or gaAintxterctdf e batyleclchamanne (b.00 g 3.0 finite), phtdseidmByaitide (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. '



Na2SO4 and concentrated. The crude product was purified on flash

chromat ography (hexane/ Et OAc, 90/ 10 to 70130) to gi ve28lrebmanti2@d 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 et A5 mL) and water (15 nL) in a glass ttle,
wer e added %%%?43% carbonate (3.09 g, 32.21 mol, 8 eq%v? a%@(@g

pot assi um cyani de (675 ng, 10.38 mmmoli312.5 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) Step3stirred 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 ny, 89%yield). Ms mz 260 (M+H), Cal cd
for CLl4H17N30z, 259. Step 4: NH- N, NO< |\ NNI Boc Me Boc ZZ 28
February 2005 WO 02/ 18 | EPO1109630 -12 suspensi on of the
hydantoin YY (780 ng, 3.0 ) in dry THE (22 Miimree  added

di -tent-butyl dicarbonate (1. g, 7.52 mol, 2.5 @Lgi v), triethylam ne
(0.42 nm, 305 nyg, 3.01 nnnol, 1.0 equiv) and DVAP (20 ng, 0.164 mmol) in
succession. About 5 mnutes after the addition, the reagtion turned into a

cl ear yeel | ow .&ﬁli#hi‘e%cﬁﬂ@1—\éﬁﬂ§n§lkﬁaﬁ£ﬂbxﬁﬂ@fclﬂh@:&!-1@:ﬁrb6ﬂﬁﬁh§d ermei@qur e. The
reaction m X %re was ontgﬁntrat,ed nder ' r'e uce% ressure to Y g{(cg a solid
t hat wasn%nvf@ > F-Arersrrigetny specipudybesabapete (FRas RS ﬁva3t8h7-%91inﬁlé>6% PRapg ) |

dried ove(15anilyshdu0ss solimdSbonand selatice (120 all eehs el at ki aeptiRsze. The

crude i gﬂé[»ury. ei’ltlxe%\é\é cl;r? duet emw@ﬁg C nlcjzglelt{'alte%d n vacuo to remove most of the dioxane, acidified

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% yield). HRMS (FAB): Cz6H3,NO4 (M+H) calc.
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



t hrough flash chromat ogr aphy (hexane/ Et OAc, 90110- X80120) to give the pure
bi s-Boc hydantoin ZZ as a white solid (1.37 g, quanti 28thebalary 2695 nt z
482. 2261 (MtNa), Calcd. for 10 C24H33N3(6Na,: 482. 2267, Step 5: zz The
bi s- Boc hydantoi n ZZ (1.29 g, 2.818 mvol) was di ssol ved in DVE (20 nL) to
give a cleg ion. To this solution was added 1IN Nafkfmeedkky 25 nmol)
and t he reactlon was 15 stirred overnight at zoomtenperature, giving a
fairly clear m xture. HPLC showed commgbeti on .of the reaction. The reaction
m xture was concentrated under reduced pressure to renove DVE and

ext ract edﬁmbswmf@@cmv\vl HAGIR aplysistindicates that lttmamez;&gpfhgleaqdmuﬁomayer

containin | Y, r | - Vi i |

( 3- McAPPC rea(th éVBVP ?EEEK? Eﬁ'}tﬁ@&%fﬁ &lﬁpwl(lsf%ﬂa%‘?@

sol ution @Hﬁﬁﬁﬁxdw&é 259, O)) 2300, 3H)X h 1, 4- di oxane (30 m.) and treated 20
with Pnoc-Cl (1.46 ng, 5.65 nmol, 2.0 equi v) and stirred overnight at room
t enper at uggp2:The reaction mxture was concentrated under reduced pressure
to renove d| oxane, neutralized with 1N HO and extracted with Et OAc. The
conbi ned organic extracts were washed with brine, dried over anhydrous
Na2SO4 and concenprat ed. Jhepgude product was purlfled t\(Hr oﬁgh flash

chr omat ogr aphy ( reffEt CAc- - CH2d 2/ MeOH) tQ oduct
Froc- 3- MBAPPC  25%as~g e bi s-Boc
hydantoin). HRVMS-mz #479.1940 (M+-Na), Na, 479.1947.
28 February 2005 WO 18437 - 124 EXAMPLE 24 PCTMER01109630 Preparation
of Fnog- 4- am no- | - ( 3- mehoxyphenyl ) pi peri di ne-4. carboyylic acid (Fnoc-3-
MeOQAppc-OH) Step 1: MO MO O HNJ ] + 0-1 ~

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



[} 5AAAToasqut|on of3|odoan|sole(4689, 2.4 \ ) mmclw)

1, 4- di oxa- 8-azaspiro [4.5] decane (6.2 nlL, 6.88 g, 482§ whorary 2000 equi v)

and sodiumtert-butoxide (5.3 g, 55.2 nmol, 2.8 equiv) in dry dioxane (80
m.) were-added tris(di benzyli deneacet one) di pal I adium(0) (91 ng, 0.1 mmol)

and tri 'O't%BﬁE/EQS’ﬁphi ne (122 ng, 0.4 mmol) and the reachi-PRpiRsscat ed at
90 C for 26 10 The resulting reaction m xture was concentrated to

renove solvent and the residue was t13ated wi.th water and extracted with
Et OAc. The conbi ned orggnl c extracts were conbined, washed with brine,

dried oves (3iZsmeledn proesycviainude ind5 gilvaf dgy BRAR. Bhd mixWie wasstivedatp78 Tt
was puri f iggoadin faha st 6 %ﬁlﬁé ARRYr RS &ﬁ%&@@ﬁm &%ﬁe}aﬁd éntatrad whel

oL | i ks b e ilbp Sl B oihe” <o 2
NS(()) %Q BBB;cImmoﬁghvetalcmde f:odubﬁv]iﬁ&ﬁhspﬁﬁﬁec{ﬁ}éﬂ.ﬂrﬁfb chxb&aft{@mpﬁpl ) in acetone
Eleat ed) at rgg‘lg%)%gggwﬂ%oﬁt @"T‘ e rg?ﬁfﬂalﬁg%gégmr%#ﬁ%wglgﬁCe %%M

renove sol@Bak)d T6e(d H&], e (aaEy), didowt I mvB D) 6B QACHYEli6 (BelH) B3 @apiAy, t h

ot r et e W i it oY SR L 38R T B SN LB R e b e

dried over Na2SO4 and concentrated. The crude product was purified on
fl ash chr 8kpdogr aphy 25 (hexa.ne/ Et OAc, 90/10 to 70/30) to give the product
BBB as a yellow oil (2.53 g, 99% yield). 'H 28 Febr uary 2005 WO 02/ 15437

PCTI EP01/ 09630 -125 NVR 7.20 (m | H) 6 58 6.39-6.56
(i, 2H), 3.80 (s, f 3. 5 [ m/[l\4H) and 2.58 4H)‘ egLS
. B l]\l
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




IVEO MeO 310 BBB CCC 5 To a sol ution of the ketone BBB %1 81 g, 8.82 mml)
in ethanol (60 ni) and water (20 ni) in a glass presséP&eRBrEly 00 Baer e
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. Th%o%‘iﬂ{n@g reactlon m xture was added to icy ""a%{‘mﬁﬁﬁ%sw) and
stirred vigorously for 30 mn. The resulting precipitate was suc
filtered, washed thoroughly w th waterssand dri.ed to to yield the hydantoin
CCC as a white solid (2.23 g, 92%yield). M5S mz 276 (MtH), Calcd for
C14H17N30Na:3rH 1 gBinepnl watvs T HvinxBoowdsi@irred at 1t foradditiofnl 30660 DEfRr Fenaval

5 hded g ekt 63%’“’?%‘5%}%%% spibic Dl 0L deBaefalea MG ) ver e
triethyl aﬁ?lﬁéowl #Le d wighs Efc (momlr}nﬁmaﬁoqaqd @amm)mamgﬁvmdf 20 ny,
0.164 mlp}odumﬁmam&qmmed&b@ﬂash &Jﬁoﬁhﬂ&f&hﬁl@ @o.LIMEOB/Er0dd] 1t1loqm)tb§ﬁ;

aom  orptates b Bk S m AL e DR bRt RO Pt b

pressur e tobseyved! wd/zd25 (MiH).t hat was then taken up in Et OAc (300 ni L),
washed with brine (3x30 nL), dried over anhydrous 20 Na2S® and
c-oncentratsg-e%‘sunder reduced pressure.., The crude |ight yell ow product was
purified through flash chromat ography (hexane/ Et OAc, 90/ 10-80/20) to give
the pure bis-Boc - hydantoin DDD as a white solid (1.90 g, Hquantitative), 1H

NMR (CDC13): 7.16 (t, 1HEHa6Q057 (d,- 1H), 6.24 (s, 1H), & (d, 1H), 3.77
(s, 3H), 1.58 ( 9 1,42 (5 H; Ms mz 476 , t 8ﬁl
CL4H33N307, 475|28| Febluary" 2065————s»
N3 NHFmoc
N N
Mes . Mes
1LL
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 cross-linked resin (10.0 g, 9.3 mequiv, 100-
200 ASTM mesh, Advanced ChemTech) was swelled in 100 mI, CH3Cly, 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-



. WD 02/ 18437 PCTI EPOL/ 09630 -126 Step 5: Boc MeO N, Boo DDD The bis-Boc
hydantoin DDD (1.06 g, 2.23 nmol) was dissol ved in DVE 28Jbmay 280%i ve a
dear solution. To this solution was added I N-NaOH (20 ni, 20 mml) and the
reaction was 5 stirred overnight at roomtenperature, giving a fairly clear
m xture. ehgyed conpletion of the reaction. The re fture was
concentr at eg% }3 reduced pressure to renove DME and eggract gﬁswth Et 20
W t hout purification, the resulting dddeous | ayer containing 4-am no-

1- ( 3- met hgx e eridi ne:- 4- gar boxyl j dd (3-MOAPPC-) was treated
with 6N H%TX% X%&%ﬂisg ﬁﬂﬁ%ﬂﬁﬂ%@i@%zfmfm@ U IR BPANIL) was t hen
di | ut ed vmhydroﬁybénzdtmxda@ I@Slmmnﬁﬂtd d'nddhf @ttawcaimiameanl (76hug) 2. 93

he re ction

mol ,
ot re wae o A DR R Bt s e B e AU IR
neutral i zadshadbdtcdshkrdiﬁ&;ﬂﬁm x@b@bﬂﬁﬁ‘@l}(ﬂg(&\boﬁhﬂ)ﬁso THRmeDIRb fifek), QIMP“I C
extracts we 8 re d wth I.ne, ed over anhydrous Na2SO4 and
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Preparation of Ac-Nle-Cyclo{Asp-Lys)-Asp-His-(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. 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



-127 A m xture of 4-cycl ohexyl cycl ohexanone (3.00 g, 16.6 nmole), potassium
cyanide (1.63 g, 25.0 nnnole), amoni um carbonate (9. 28 Fgbri@éy 3004l €) ,
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
tenperature“g;QﬁB%pite slurry was poured into ice-water apgdestlssed at room
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C13H23NQ2,” talc. 225; observed: 226, Step 3: NH2 | LONHFgo EO2H CD2H 20 A
m xture of crude 1-ammo-4-cycl ohexyl cycl ohexane-1-carboxylic acid (48.3 g,

5.55 miol e £PRwget thesrudelinear pentidlesayan tiswlved 259 ml of DMF, ffilegf N-methyl
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The conbi ne anrc Wwashed with water, brine, dried over
magnesium sul fate. Filtration and concentration gave a crude oil which was
purified by cdhissrrdeisydisaatssiakyms puyifiadly prerafative HPEC on 4 Vadsrs 088-Relmnd2.§ 2005

WO 02/ 184 %50k il Olkicd 9RRQ 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
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).

-

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
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' 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).
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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,
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10  white, amorphous powder. This compound was homogencous by HPLC. LR-Electrospray
CssH73N;1 Og cal: 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
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2005 5 V@mgq@an@)But) (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/CH2Cl for 30 minutes. 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).



PCT/ EPOL109630 -132- further purification. "H NWR ana:vég i nd| es that
it contains 2.8 g of 2-nesitylenesulfonic acid. "HN (FS 5757(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 sol ution of
N-2- mesi tyl gragHibenyl -trans-3-indol earylic acid (3.26 OpeBrfuibise) in
140 m. of dry THE at -78 C were added 3.7 nL (3 equiv.) of triethylaniine
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-78 Cfor 15 min, and at 0 Cfor 1.5 hr. The m xture was cool ed down to
-78 C, to which was added 5.5 nL of 1.6M n-BuLi in 10 hexane, then added a
m xture of (R)-4-phenyl-2-oxazolidinone and n-BuLi in THE (prepared by
addi ng 11 BEXAMHELEI346M n- BuLi in hexane to a sol ution of
(R) - 4- phenyl - 2- oxazolidi none (2.87 g, 17.6 mmole) in 70 nL of dry THE at
-78 C) thpy tur -78 Cfor 2
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- solution (100 m.). After renoval of the organic soI vents in vacuo, the
aqueous residue was 15 extracted with Et OAc, onbi ned organic |ayer was
dried over sodiumsulfate. Filtratio ti onxgave a crude
product which was purified@by as hr omat phy 1 (Et OAc/ hexane, 1:4)
to give the product Il a I ght br gmln yield (2.86 g). LR
El ectrospray: C29H26N20G6S|_ cal : El ofysejve z Y15 (M+tH). Step 3: JJJ To
a mxture of CuBr.Me2S (0. nﬁ!ﬁnﬁ*} Qf dinmethyl sulfide in
10 mL. of dry THE at --4 Cvag MyBr in ether. After
stirring for 10 mn, the abo product 14g, 2.7 mmole) in 8 nmL of dry
THE was added. The resulting ni)xture was Ystirred at -4 Cfor 1 hr, and at
rt for 6 hr. After cooling to 8 C, to s m xture was added 1.45 28
February 2005 WO 02118437 -133 (S.16 mmol e) of N-bronobsuccinimde in 15
m. of dry THE The m xture was stirred at -78 C

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

co

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 minol) 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 vacuyum to yield 220 mg of an off-white sohd 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. .



for 30 min, and at rt overnight. The mxture was pour edgt f brlne
and extracted with EtOAc (2x100 nmli). The organic Iaye%s\/\%sbw%’gg)sgver
sodiumsulfate. Filtration and concentration gave a crude product which was
purified by a flash chromat ography 5 (Et OAc/ hexane, 1:4) to give the
product JJJwasoeght brown gumin 46%yield (0.77 g). 1HpMVRro1loSa-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 (dd142H) 3. 75 (dt,1H), 2.54 (s, 9H), 2.31
(s, 3H), 1. I I Iles 10 The above brom de
JJJ (0.72 gnﬁg’%ﬂﬂ:}%ﬁsé&é"@é‘é“ﬂ? @édﬁ%ﬂ%l’%ﬁ% ‘-”FPPBERt‘iF]I 1B ¥R pRd the reseting] . 68
g, 5.9 miredctin mixtiirs ods purifind bgHPLZ/ ng, 1.18 mmole) in 10 nmb of
acetonitrile, and stirred at rt for 6 hr. The m xture poured to 100 nlL of

A et Ll SR AN b B O B0

| ayer was dried over um sul ave a
crude prod#® ﬁmgm%“ tgdh with a Hipgar @G%?toézQ'ﬁ%ﬁ(bﬁﬁf@%f}é%%ﬁz@ﬁmffeﬂ 0.1%
( Et CAc/ CHABGARINERD Reodlindi, HowlrBte 8inMAnih RicBhALE0 eqi@{va&ﬁww gumin

)55 ablyd :ém Ryl Bl hebughe focd pd lyoén%d e%naeié%e ing k1104 o 1.

4.35 (dd, an@rgdug mwﬂeet'l‘lﬁs-bom@nﬁ&w@ﬂxon&kgbneoﬁs REVIC. [3HEedrodfra
Step 5: P (Iﬁﬁp %gg {0~ JJJ KKK OH 20 KKK LLL o a
m xt ure of%It ”j%ove azi E\%K%J 69(}?@4%)'0. 96 mmol e), water (4 nlL) and THE

(12

10 EXAMPIE35

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




‘nL) at 0 C was added 0.65 nL of 30% H202, then added 48%9[%‘ 255%') of
LICHin 1 nL water. The resulting m xture was stirred hr. The
reaction was quenched with 28 February 2005 WO 02/ 18437 -134 PCTI EP01109630
Na2SO3 (1 g) in 6 nL water. The mixture was stirred at rt for additional 30

mn. After senmuads7 of the organic solvent, the agueous $eipkthdRBsHas
‘diluted with 10 nL of saturated NaHCO3 solution and extracted with Et QAc

(2x30 mL). Filtration and concentrati-ré#-gave a crude product which was

purified a flash.chrgmatography (HOAc/ MeOH Et OAc, 1:10:100) to give 5 the
pr oduct LIfT\i 95%1‘5 &581 ?E"F eqptagly T resiqus vous weshed mith veenthiss pr ay -

C21H2z NAO4Bluneabf EtgQGnd ﬁétﬁ:ﬂﬁﬁigéﬂ arid the 4d&e p(erd)c wasdrRl vRderNacmum\to yield 2¥gS Mes
LLL 10 The above &2 i.do a LLL (0.34 g, 8 mmol e) was dissol vad in 20 ni

of met handts ot#g off; te§6‘!“§t Fﬁeﬂﬂdaﬁep&ém SE‘MEﬂ‘Fﬂgtoéf’Chlmpdtbeﬁmlaﬁmn The
resulting mxture was stirred at rt wunder H2 (balloon) for 3 hr. After

filtration angsogs 6&&&&1&1&&&&6& d&Swid BisidRad vent
d (e bARRAGI R BiRRA f DR B o IBEKEReBLTCTy

of THE (12 and e}ﬁ@
3 mol e% ded sphaygan HPPGI“%Eﬁ @f8.0.TRE0 m%ﬁ@?n\@s #Adzd andgbeas
stirred atcyalmaufonmaaﬁmhmeu BIPLG! Bgbioallyt me SfRliAdibn hs Gatpit RN hoted Ut i on

and extrag h FEt 0. m). .Fil tion and concentra |on ave a
?"? S ”Oé&e"(fﬂ %Pé%‘“)svuaa WS PrRATHEL B Ay and the res

crude pro I ch™was pu
( HOAC/ Me Okfiagtioppixture waOpurdfed by HHLGI ve t he product 3S, 2S- Froc- (L) - beta
methy (Nin-Mes) tryptophan as off-white solid in 50%yield (0.25 g

LR El ect r 0Sprents crodd &\&g Gabui®a EXAVPLE

29 Prepar a%éon of ‘&Y”H;k% nker-B unResf%K Fégenz‘%ﬁE L a%r?ﬁid]acg oFg“TE?ZT%XAw/G

di vi nyfbhef éérnf:aéglraﬁw(l&?ﬁ@rﬁg% By(bytferet) 9i1% THYH, 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 lyophﬂized to yield 38 mg (11%) ofa
white, amorphous powder. This compound was homogeneous by HPLC. LR-Electrospray
CasHgN11O7 cal: 916 observed: m/z (917 M+H).

15
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




filtered and washed 25 successively with 100 nil each o?%&%%@

DI PEAI CH2C 2 (two tines), CH2Cl2 (two tines). The resin was treated with
p-.[(R S)-a-[1-(9Hfl uoren-9-yl)-net hoxyformam do]-2,4 28 February 2005 WO
02/ 18437 PGkbloRshs 09630 - 135 di met hoxybenzyl ] - phenoxyacebectesgioshso
(Froc-Linker) (7.01 g, 13.0 nmole), N hydroxybenzotriazole (2.16 g, 16.0
mol e), and dii sopropyl carbodiini de {12464 m, '13.0 nenol) in 100 nL 25%
DVF/ CH2C12 f 24 hours at omte e. The resin s.filtered and
washed su %@L FW@F'?‘P\‘M( %%?Wim"ba?g‘ﬁ i@%@ﬂ Q-6 weeal), ﬁ@%‘%“ q”?ﬁ‘gﬁ‘%ﬂﬁﬂbl
(two ti nmesig, 6 bifel) ib DIMBwEh2Chil of DIFBAe ti mes). A Kai ser ninhydrin analysis
was negative. The resin was dried under vacuumto yield 16.12 g of

Frnoc- Li nker - ' [ i: ' jected to
Frnoc depr ot e%&ﬁﬁgﬁ%%ﬁgﬁﬁﬁ?%@\%&ﬁ%ﬁéﬁgﬁﬁ@ﬁﬁ%gﬁ%ﬁgﬁﬁ%@ﬁ%of 0. 56
mol | g. 16oExpveLEnd CHRCghre tinags). The resin was dried under vacuum to yield 1.0g

f Ac- N e- | o Asp-.L - Asp- Hi s- ( D) Phe- A Trp-Lys- NH2 Fnoc- Li nker - BHA
ool (3720 peld i Db byt s Sk W FleebeneiBos BIOM.  phase
th i j t . 1 . i N I d
oo hg” rBT R Rag o0 Rt isBlE A PR (AN focerl iU PPN P B4 BLTTE
Seven cough?ﬁﬁnmﬂ&e%@aﬁﬁﬂﬂnééﬂw apd thedilizates predipitatddiim clffiesiethyy s ( Boc)
ol ) andCpaTO g Pl (ks el b cihelWpbckiccanscTe fllyd i, 1.
HBTU (452 W%&ég%ﬁ%g&wem dresniri d%ﬁ, thf.%‘f?ﬁremd%g’ Aded pqdes2 g,
1.2 vac s $l : : 1),
Frnoc ”TASRJ p) 205%&?@35%%%%@%@%%@ %f&&ﬁ?%ﬂ}dg% y?rlgﬁé%d gg %TDI Emmllorm)c Nl e

100 200 ASTM mesh, ‘Advanced Che'mT"ech) was swel | ed .i n 1¢

(430, 1. 2 Withtup PBTU (452 ng, 1.2 nmol). The peptide resin was carried
through steps | - 5 of protocol 1, washed with CH2A 2 (three tines) and

treated w th 220 g EeeldredadinBa PepidRs ik Bolvdd iRBAY HHdGIRE! 0 | BQr NLfkhas. The
each_ of CH2Cl2 (two

resin:was_filtered and washed successjvely wth 50 ni

tinmes), | ZOpP8 s,ag‘i‘?ﬁ’&‘%ﬂféﬂpltam}t gt ‘&?%9533.0 myef BQR was ajded apditey) under 25

vacuum t ocygiiztich Wasdngniafrdtby RRIGAPeitalld thelcpdizitionFid codbpREAMMBRDIS- TiEhduBSi N

was trgat ol el Qs 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).



28 February 2005 WO 02/18437 PCT/ EPOL/ 09630 -136 tiL ethanedithiol, 100 AL
di ethylsulfide, 250 pL anisole, and 10 ni trifl uor oaceid kebEEN 2805 r oom
tenperature for 180 min. The resin was filtered off, washed with -2 m TFA
and the filtrates precipitated in.chilled ethyl ether. The precipitates
were centrifwoedssand the ether |ayer decanted. The resi gugrpRmosdashed with
two or three volunes of Et20 and recentrifuged and the 5 crude |inear
product was dried under vacuumto yi el4b 250 ngy of an off-white solid. The
crude pew%esubj ected to cyclization without purification. 250 ng of
the crude pti des was dissolved in 250 m of DWMF, 600 iL of

- N-nethyl norpholine was added to have an apparent pH of 8.0. 300 ng of BOP
was added Faephrativa of Bpthicyde(Aspr Ly spra O Ap e (D )Y WRE-Tip-TjwiNEAl | y t he
cyclization was conpleted within 18-24 hours. 10 10 mM of water was added
to stop the reaction, DVF was evaporated in vacuum and the resulting

reaction mxture was purified ct))y HPLC. This yclic terial was
purified by preparative HPLC o ¢ Cl8-colu .5 20 cm and
eluted with a |inear gradient 0. TFAI H2O, buf fer

20- 60% uf fer
flow ra},@q}/m’n\
PLG anal Jisi s fof ‘cofl ected fractions,
N %% ofw Nanmor phous powder.
. LRR- EMsct r ospr ay OH69N1509" cal :
APLE 31 20\ Prepar ation of
Ar g- Tr p- Lyp- NH2 Fnoc- Li nker - BHA resin
(720 ng, 0.4 mol) from Exanpl e 29 were subje€tad to solid phase synthesis
usi ng Protocol 1 described above. Al couplings were performed using HBTU
in DWVMF as the coupling agent and Bl PEA (3 equiv.) as base. Six coupling
cycles were perfornmed of 28 February 2005 WO 02/ 18437 PCTI EPO1L109630 - 137
one cycl e eachmei-LinkErBdAlssin (7Bomy, bomolifror Eaniplold) waeshbdBitiid«662 ng, 1.2

o ol g ; (g Mhfiase Hftads %ﬁg??mt&cb?l S0 AR, KB LR v Bpertbrfed TR HBTTRC ™ A 9
Dl\gl'9 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-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.

B: 0.1% TFAICH3CN) in 90 mn.
mai n peak was cut by 15,anal yti
pool ed and | yophilized”t Vel
Thi s conpound was honobgeneods by
1024 observed: rnlz (1025 M+H).

Pent a- cycl o( Asp-Lys) - Asp- Ape (D) Pheg

The Pentyl-hexapeptide resin was treated with 100 L 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 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



and HBTU (452 ng, 1.2 ninol), Fnoc-(D) Phe (480 ng, 1.2 TU (452
nag, 1.2 ammol), Frmoc Apc (550 ng 1.2 mmol) and HBTU ﬁg—g’ét}rua@%o nmol ) ,
Fnoc-Asp (OBut) (500 5 ng, 1.2 mmol) and HBTU (452 ng, 1.2 mml). The
‘peptide resin was carried through steps 1- 5 of protocol 1, washed wth
CH2C12 (thremd2ems) and treated with 2 nlL val eri ¢ anhydpig®pedifaeszf %o

DI PEAI CH2Cl 2 for 30 mnutes. The resin was filtered and washed successively
with 50 M each of CH2ClI 2 (two tinesy6-i sopropanol, and CH2CI 2 (three

times). The,resin was r mto ield 1.0 g of .
Pent yl - hexX&p&HI e F@ﬁtﬁmﬁ%ﬁﬂﬁﬂ‘g %ﬁ% mweféom@??qﬁ‘wén 18-24dqus. wi t h
_ 100f | t L etloanledivhiai wis,add€iGo plop thilrémﬁdﬂym%fvts(k@apo%&lhihhramhﬁ ﬁh&the?é%?ltiﬂ;@ 31_
‘trifluoro . i t rature for 180 The resin was filtere

of f, mshee}ga%b%ﬂ]%&grgwggql%ghﬁﬁ?ﬁ filtrates precipitated in chilled ethyl
et her. The precjpitates were centri fuged and the ether |ayer decanted. The
resi due was wablemde Grcipmatsgal gras prifisd by prepsrativedIPLG @0 Yydec Cébeplomnfuged and
the crusle x20R89 an@EIRRE Gith WS ead biaBntloF 20180%/B (HASHWIDAG 'mﬁhgb Artet Bl Qs AN

off-white he rud t|d was, suhj ect ed yelization w thout
purificat |1§;§jélg§8\ﬁ 9@ é%ﬁ&é’ﬁ(q“ﬁedﬂe é‘b%%od’é%' §‘aéﬂ FEAEPR 220 ni |
of DV, aﬁﬂyﬁ.calﬁPIlz@ amiylmy bf aaﬂieqtddcﬂabmsms}eadﬂ@ﬁopwmavmdﬂ 5&@&&%} ofH of

8.0. 280 Q] cl red HPLC.
Typi cal | y%ﬁe o@ﬂaz&"?l on was % Dg“é%& 8{@)’@3{,@%? of wat er
was added%@ﬁd@s@hé@%@l@?ﬂv@ﬂqnﬂmﬁ\wQO evaporated in vacuum and the
resulting reaction mxture was purified by HPLC. This crude cyclic materi al
was punéfied by preparative HPLC on a Vydac Cl8-colum (2S x 20 cnm and
elated with a linear gradient of 20-60% B (buffer A: 0.1% TFAl H2O, buffer
B: 0.1% TFAICH3CN) in 90 min., flowrate 8 miImn, detection 280 rim The
mai n-peak was cut by analytical HPLC analysis of collected fractions,

pool ed and_| yophilized to yield 53 ng (13%9 of a 25 white, anorphous

powdert . Tﬁ?—‘é@%@und was honogeneous by HPLC. LR-El ectrospray Cs4H72N12Qg
cal: 1017 observed: mz (1018 MtH). 28 February 2005 WD 02/ 18437

PCTI EPOL| P2pafation 3BPentXABlApIZs PAGPEMRDABE (D)Phe-Arg T -NH,
of Pent a- cycl o( Asp- Lys) - Asp- Apc- ( D) Phe- Ar g- ( 2) Nal -Lysrll)\ll-és

SRy

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’



Fnoc- Li nker-BHA resin (720 ng, 0.4 mmol) from Exanple 29 were subjected to
solid 5 phase synthesis using Protocol 1 described abo\a8 Felirdarg@0@s i ngs
were perfornmed 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
Frnoc-Lys (Bewdoxsé® ng, 1.2 nmmol) and HBTU (452 ng, 1.2 we®ieperoidd®c- (2) Nal
(530 ng, 1.2 mmol) and HBTU (452 ng, 1.2. mmol), Fnoc-Arg (Pnt) (800 ng,
1.2 mmol) and HBTU (452 ng, 1.2 mmot}47-Fnoc- (D) Phe (480 ng, 1.2 nmol) and

HBTU (452 Frnpc (55 | ) and HBTU (452 ny,

12 ol y g b8 sy S B (or pesoptorsnah i e AT gt ol )
The pept | deied elenvastamesfibliad ddrpengihedticpigortin Of protocol 1, washed
with CH2C12 (three times) and treated with 2 nL valeric anhydride in 6%

Dl PEA/ CH2C12 @8“{1" ute The resi n was filtered and washed successively

with 50 nil <Bi7-EppesRade reig e reasd witly 0 ethrspditill0BHBCL2 (thr ee

tines). T%é’tl?ﬁétﬁﬁdé%ﬂﬂtﬁaﬁ'i@élgqn&’ Wﬁx‘i tfiﬁtﬁ;'f%ﬁco Y ?l:c%n}tef]rlpgra&u% for 180 min. . |

Pent yl - bexapeppti . de resin. Penty exa ep € resin*was
100 L et h&‘h%%ﬁrflma@ﬁlt%bofﬁwaﬂ:edrmﬂngnﬂﬂm@d tiesfOtrptes previipitated in elnllhd]eﬂlym L

trifluoroaged iMe @Feb%ltﬁ:fes WO raﬂt:l'tﬁe%tﬁe?fa}ymcﬂea Thi ﬁﬁdﬁ@?assma%)?e

filtered of A and trates precipi
chilled eWF%im %EFW\’IYI ?fﬁ?éligﬁcizréfeé’?‘ﬂfﬁgéﬂéé}?ﬂﬂck %Pﬁ?@c‘tﬂf?édélﬁﬁer | ayer

decant ed. uﬂ_&?wi@ﬁhﬂb'?lem% SRk § ddiidt'ma &&%érﬂ}@g& 2498 Et20 and
recentri fq% ed .and g |near product was acuumto yield
220 ny of ‘\Z“HP’FW%EW‘F@“%‘ fHan. The crude peptide was subj ect ed to

cyclization without purification. 28 February 2005 WO 02/ 18437

PCT/ EPQ/O963BSnJg3&t1?e4:9udmin9ir b eEWHsdcﬁ bivREar" din
220 m of DM, ..500 %égN_ rreth Sos |%§ﬁﬁgﬁg8fﬂ§§ S’gﬁg%ﬂé)gparent

pH of 8. omoz@@%ww o e 25 4RI AT3O. %%pcmsefaﬁ%wamdéemmred by
HPLC. Ty pcychzlahyn wxssanamlrémtmum WepicAlR R QERatiod Malc Bred FitARUIBS24 hot, N Of

wat er. was, wil 9 t| on was eva ed in vacuum _and the
resul ting g reac ion dr%ﬁe‘?({]o gaﬁtﬁﬂ’ﬁ’%d”aﬁﬁvﬂﬁf_ “Fﬁ?“é‘m&‘r eireuliing

mat eri al wa@opmm@msmnmddmmave HPLC on a Vydac Cl8-colum (2.5 x 20
cnm) and eluted with a linear gradient of 20-60% B (buffer A 0.1% TFA H20,

buf ferisB: 0. s Hrd G @&manw%lﬂﬁ@d by SrepMathR ERIE il Wl cHELRGhA @ 280
M- The MRbfRRRKN N3 GHY 2 I¥ear gradient of 20-60% B (buffer A: 0.1% TFA/HLO, buffer B: 0.1%
TFA/CH5CN) 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 tyophilized to vield 49 mg (12%) of a
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—NHz

~y . w*gi

N)\N




~anal ytical HPLC analysis of collected fractions, pooled and |yophilizedto
yield 55 ng (14 %9 of a 10 white, anorphous powder. TIH8Falongy2nads was
honbgeneous by HPLC. LR-El ectrospray Cs6H73N110s cal: 1028 observed: niz
(1029 MtH). EXAMPLE 33 Preparation of

Pent a- cycl otvs@rkass) - Asp- Apc- (D) Phe- Ar g- N- net hyl (2) Nal - Lyeribid/odeae

~Frnoc-Li nker-BHA resin (720 ng, 0.4 mol) from Exanple 29 were subjected to
solid phase synthesis using Protocotl48-descri-bed above. Al coupli ngs wer e
per formed usi HBTU i DME as the coupling agent and DI PEA (3 equiv.) as
base. Two cou%ﬁ’l" gﬁwg@fm@%mﬁ%mﬂf&m%@%ww@ﬁ tsobdoe- Lys
( Boc) (565haw, syﬁlth&smsing Praaow] Hiebtlided 2BovenAll &o@hﬁgwe)e pedOritiRG iz 28N 151( ﬁé P
rom

ng, 1.2 Y |
residue, the resy f‘%ﬁwg %ﬁ?m%xpﬁgs Wil ‘Hé'%ib%s% %'% §°“Qﬁggﬁyf§so‘5%%9 el pf ony |
derivati ve)llngC}Rfadl ‘mﬂn Fobehwdhed (5d5ongy 1.2 airhd) amﬂeIm'HJ €452 mg) 2.6 nigol), Fn@a-
mol ) ag]d 'l@blfﬁﬁnﬁ lé%ﬁmﬁ%&ﬁﬁrﬁ % %@m%@ PQ@J)?S(B é,‘i.z’lﬁ:% ijs' ng

DMVF (6 x oIIovved by CH resi n”was
under vaCLi‘El‘ meohammtab: E’BO‘F tha 0 g cHand SPFU @63 rEpba/ 09630

1. 40 obt aumeu)\m@wmmo 1%&»1)%agmmm DieRAS IMM(@@u(ﬁ eq. ,

and %thirf%%”ﬁ%nam%ﬁ%ﬂ%#%%ﬁm e G EH g o)

usi ng THE ste@s k- 36f prbiocéldl Wuhsﬂwiliycmzlz@mnrf(eﬁunes)%dlﬁeatechwﬂh Zhﬁevalmi n was

dried der, v ene s was thep remved

usi ng 807 aaiE o HieioBblbobe o s e g qheteq pa washed siscemsn)

2- mer capt Gﬁfhfwmﬁﬂea({h‘iﬁmHztf?ﬂtWé-nﬂqeﬁﬁs ahol] dhdl a b BE3s) Bl ivhOr Med
usi ng DVF Pﬂg |so r opanol 30 .m) owed by et hyl ether (3
X 30 ) é&ﬁd rW%%ﬂq?RN§§ F %Rflﬁﬂﬂﬂ“mﬁéPﬁﬂﬁﬁmThe resulting N-~ Me-2-Na
resi due was subjected to four coupling cycles, one cycle each with Fnoc-Arg

(Pnt) (800 ”'ﬂheEen?ylmﬁﬁp)ptﬂ@%sﬁﬁﬂéu(eﬁt@@wﬁgwﬂjuﬁetﬁmﬁolFl'ﬁ@ﬁl,( D) Phe (480 ny,
1.2 mmol) and, 10 HBTU(452 , 1.2 mmol ), Fnoc-Apc (550 ng 1.2 mmol) and

HBTU ( 452 digethylsulfidengiiojL WF%@DMB il agfegroqcBidacidmt robnpterpoizjurafod 1467, (452
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protocol 1 Sh ree tines
ether. The prec1p1tates 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

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).



mL val eri c anhydride in 6% DI PEAI CH2C12 for 30 m nutes [ S

filtered and washed successively with 50 m each of Cﬁ?g%%r%ﬁga?éll\anes)

i sopropanol, and CH2C12 (three tinmes). 15 The resin was dried under vacuum
to.yield 1.2 g of Pentyl-hexapeptide resin. The Pentyl -hexapeptide resin
was treat edwoighhiga3P0 L et hanedithiol, 100 L di met hyl sul péfiepord&Bo L
anisole, and 10 nL trifluoroacetic acid at roomtenperature for 180 mn.
The resin was filtered off, washed w14%--2 nml -TFA and the filtrates

pr eci pi taMi |l ed ethyl ether. The precipitates were centrifuged and
t he et her canted. The residue was washed 20 with two or three

vol umes of Et20 and recentrifuged and the crude |inear product was dried
under vac lpatatioy bERetkt2235lo(Appeliys pAspi-{Profipt€D bk Ads-THpEysNHee pepti de was
subjected to cyclization wthout purification. 235 ng of the crude |inear
pepti des was dissolved in 220 m of DMF, 500 L of N-nethyl norpholine was
added to have an apparent pH of ©8. 0. 280 was added and the 25
cyclization was nonitored by HREC Typically the | i #ation was conpl et ed

within 18-24 hours. 10 nl ofwhater was a to s t he reaction, DVF was
esulting %itihon iyl
e

evaporated in vacuum and the ureé was purified by
HPLC. This crude cyclic nmaterigl Mvaso putify by fpr 'R rat,ive HPLC on a
Vydac Cl18-colum (2.5 x 20 ¢mya “"UE?T!\U/'[\ﬁ/d Y Theayine

B (buffer A 0.1% TFA/ 7 Huf f Er

gradi ent of 20-60%
0. 1% TPAICCH3
rate 8 m/mn, detection 289 nm

in 90 mn., flow
e mai n peak was cut by anal ytical HPLC

anal ysis of collected fractions,

%9 of a white, anorphous powder.

&i ed and | yophilized to yield 43 ng (10
LR-El ectrospray C57H75N11GCs cal:

i s conmpodihd¥was honbgeneous by HPLC.
1042 observed: mz (1043 M+H). 28
February 2005 WO 02/ 18437 PCT/ 1EP011jJ09630 -141 . EXAMPLE 34 Preparation of
Cycl o(succinic acid-Lys)-succinic acid-Apc-(D)Phe-Arg-Trp-Lys-NH2 5
Frnoc- Li nker - BHA resin (I-géo -y, 0.4 nmmol) from Exanple 29 were sut_)c{ ected to
solid phase ByorhekePHAT %0011?5)@94 mmob) deouy Frsmplesfioneee subiertedouplid ngs wer e
Eer for S®dph@e @lﬂtﬂaaér&&m rotdbi 18Rsck#Bed MQ'@&@E@@%&:&@&E&S& H%g@'iﬂ- ?_ as
ase. Six in cl es we erforned of one cygl'e each wi c-Lys

(Boc) (56BMis the Guplng aeent dnd P {34@ Vigs base Ygplingrges vere bertormed

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., B



- Trp (520 ng, 1.2 n unol) and HBTU (452 nag, 1.2 nmol), Egp ga‘é’& ) (800
- nmg, 1.2 mol) 10 and HBTU (452 ng, 1.2 mol), Fnoc- (D)Ig ?’

mol ) and HBTU (452 ny, 1.2 mmol), Fnoc-Apc: (550 ng 1.2 nmol) and HBTU
(452 mg, 0.6 mml), Succinic anhydride (600 ng, 6 mol) in DM with 1.1 n
of DIPEA. TWe owgssn was filtered and washed successi vel ypivkphiabkssl each of
- CH2C12 (two tines), isopropanol, and CH2Cl2 (three times). The resin was
dried under vacuumto yield 1.0Og 15 PEdtapeti de resin. The pentapepti de
resin was treated with 100 L ethanedithiol, 100 L dinethylsulfide, 250 L
‘ani sol e, and Z@m&ﬁ&éﬁhﬁmﬁmﬁpﬁ@smﬂm&m&mdaﬂmmiﬂOQILfoéN—ﬁnsm '

The resin Jﬂnleﬁg{q%ﬁ d‘P{o %v%%%ﬁ%eﬂp A, Mg %Qseaddédin

pr eci pltat e préeci p Pates tere cen rlfuged and
t he et her wcéby@ond@wnm@ued bﬁHH@éﬁmwdlmmrmvm\mmnletedom@m ¥dwurn| unes
of Et20 aﬂdnﬂ%ﬁﬁﬂ&ﬁstH&&Qt@&g Hﬁ@e&ﬁwﬂ@m% Fat B8 vAiuG add B Fesiiflny aCUUM
toyield 220rrgof an \A@ge30| . The crude peptide was subjected to
cyclizati & %WHFWﬁR‘Wﬁi YTFBRC- 220 mg of the crude linear peptides was
di ssolved in 220 m of DWMF, 500 pl1 of N-nethyl norpholine was added to
have an appar €his cyphk qbﬁc&n@teriﬂ&&s puyifiefl bpp¥epavaiive AR €Tbreaidydab €18-colalanZAa6 i on

hours. 283 28?21%% B D58 eI PR AR T B Rl (e 000

added to JEH{CHAAD indomirorflowniie Swelbmiaydgrstion 259 nion Tha cwimpeakies @by resul ti ng
reaction ahatjtiehlEHMRSanRlSik bf Rfeddd Bk dRs, pbbied aﬁc[l?&iﬁn]?z)é& kd ﬁemé ﬁ{g'(ﬁ%

purlfledb reparative on a Wy Cl18
Bl ut i PHITE 2PioRbaps B Lﬁ%‘SWPZ’(‘Jﬂ%U%IB’n(%EHeP%’r VATEIE TR %ﬁﬁm—smy buf f er
B: 0.1% Es;HyN {075 0bRvedt B/z, (1D¥eM+HAte 8 ml /m n, detection 280 nm The
mai n peak was cut by analytical HPLC anal ysis of col lected fracti ons,
pool ed and |yophilized to ,yield40 ng (1199 of a white, anorphous powder.
Thi s conmpound was honogeneous by HPLC. LR-El ectrospray C49H63N1107 cal :
918 obser X lz (919 MtH). 10 EXAMPLE 35 Preparation of Cyclo(maleic
aci d-Lys) 4dci d- Apc- (D) Phe- Ar g- Tr p- Lys- NH2 Fnoc- Li nker-BHA resin (720
ng, 0.4 ninol) from Exanple 29 were subjected to solid

- Preparation of Penta-cyclo(Asp-Lys)-Asp-3-MeOApc-(D)Phe-Arg-Trp-Lys-NH,

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



phase synthesis using Protocol 1 described above. All li ngs e :
performed using HBTU in 15 DMF as the coupling agent a%gt%bﬁﬁyeéﬁéqui V.)
as base. Six coupling cycles were perforned of one cycle each with
Frmoc-Lys (Boc) (565 ng, 1.2 nmol) and HBTU (452 ng, 1.2 mnol), Fnoc- Trp
(520 ng, 1.#%ownAssyr and HBTU (452 ng, 1.2 mmol ), Fnoc- Ar gpéBeboeea3®0 no, 1.2
nmml ) and HBTU (452 ng, 1.2 mmol), Fnoc-(D)Phe (480 ng, 1.2 rnnol) and HBTU
(452 ng, 1.2 nmol), Fnoc-Apc (550 mgi51-2 mmol ) and HBTU (452 ng, 0.6
> mmol ), I\/%Ineic anhydri de (600 20 , 6 mol) in DMF with the addtion of
| JOBT ( 808REEh stePihoP 9L Prafoceldutra 1 CHpel(Bupatimesd and ireatesiwith 2ml  washed
~successi Vekiyidy i o Ba o . {4 o nd
G20 2 (1 1 bl DA R L 0 e B3 e SR DAl
Pent apet i sccpseieshywitFaml qacmoE@RElE Gwortiossshisopopincdand CHyA N tHi@Otimes).
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filtered 25 of f, washed with -2 nl TPA and the filtrates precipitated in
chil |l e¢ et hyl Thetheayl-heRhpeppide wisipiwas tresed Gt Hitnul cathyan2di€Hol\D0GR2.1 184 37 :

PCT/ EPO11Q9630., :.14 e .centrifuged.and the ether |ayer ‘decanted. The
resi due @&ﬁ%&?ﬁ@éﬂ%ﬁ*ﬁiﬁﬁﬁﬁnﬂﬂgﬁm@wmwaﬁ% Aperdiie fr A84 miged and
the crudeThe eit ovas feseddits, @elshied hth ~2 @il TFAIah the fdr ket 3 Bcipitledih cRilled iyl Whi t e

B PN NG

of N- et hyith 5% erdhyebivdlimes ofdit) Qutdiodcentifigedand theappizdiantr ppbilvef wi.ddied 280 ngy

of BOP was_added and .t di zation was . mopitored by HPLC. Typically the
cycli z8ti %&a&@%m@@éﬁ ot i ot vhtiosplidothesradepspide vor sthied s added t o
stop t he ewhetioowithdipPurifatienapor ated in vacuum and the resulting

reaction mxture was purified by HPLC. This crude cyclic nmaterial was

urified b i V. LC on .a, Wda 18;.C 0.X C and
C1'Lt e wi th 2 et e P Yo e R MR S e R0l e
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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).



EXAMPLE 36 Preparation of Cyclo(phthalic add-Lys) -phthgli
aci d- Apc- (D) Phe- Ar g- Tr p- Lys- NH2 Froc- Li nker-BHA resin ( %WBQQP mol )
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
coupling agsmiozasd? DI PEA (3 equiv.) as base. Six couplingcexgldifsssyer e
perfornmed of one cycle each wth Fnoc-Lys (Boc) (565 ng, 1.2 mmol) and
HBTU (452 ng, 1.2 nmml), Fnoc- Trp (5¥-ny, 1.2 mmol) and HBTU (452 ng, 1.2
mmol ), Fmg-,Al nc) (800 ng, 1.2 nxnol) and HBTU (452 ng, 1.2 nmol),
Frnoc- (D) P , 1.2 mmol) and HBTU (452 ng, 1.2 28 February 2005 WO
02/ 18437 PCT/ EPOL/ 09630 -144 mmol ), Froc-Apc (550 nmg 1.2 mmol) and HBTU
(452 g, @réearationpf PRive-hpld(Aspelysy-dsp-¢€14G6D)PlegArgSTHpHIye NH,N DVF with 1.1 ni
of DIPEA. The resin was filtered and washed successively wth 50 ml each of
CH2C12 (two tines), isopropan and ‘ € tineg). The resin was
dried under vacuumto yield 1. ent apeti de resj The pent apepti de

resin was treated with 100 Itlf et hanedithi«l, 100 df met hyl sul fi de, 250
L anisole, and 10 nL trifluordacetic aci room tfe rature for 180 m n.

The resin was filtered off, : my TF he filtrates
precipitated in chilled ethy : N?hgf LECh| Me centrifuged and
the ether |ayer decant/erri/:ﬁh e wa ashe ith two or three vol unes
of Et20 and recentrifuged d the ude | E\?ﬁguct was dried under 10 vacuum
to yield 220 ng of an off-white soiid. The cruige peptide was subjected to
cyclization wthout purification{ 2 Ji@, crude |linear peptides was

di ssolved in 220 mM of DM, 500 p f N-nethyl norpholine was added to
have an apparent pH of 8.0. 280 ngcof BOP was added and the cyclization

was nonitoredghy. . | e i-zatd on conpl eted wi.thin 18-24
hours. 15 10 rﬁ? COQ%t%gX%@%z@/d%gbﬁo‘%ﬁ fg Er oflh%mplé’ge??iwgﬁf ub@ﬁegﬁs“’lé‘{; apor at ed
i n vacdunPhaspenthesis peingProtagel L descaibed dioveri All apuplings sreppupeifotnasd usipg HBI'T.in Thi s
crude cyChiME ¥k dolpling¥@sntRbd DIPIRO3uiR) SRR AV & Bs e £
Cl18-colum (2.5 QFE gj% ang@eck t (33)% ? hali near‘1 ra ‘laent r%)/%@%?eéjo%% B
(buf fer A™GFTiss M&z%} gy 65 gz b mamly (432 o8> b ool Foger at e 8
n/mn, déte620 oy, RBthnad and HETUEI5D gt Bk mivis), BibocBYg (Pmce) (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 o&‘w{hite solid. The crude peptide was subjected to
cyclization without purification. |
‘ i
230 mg of the crude linear peptides was dissolv:é&niﬁ 220 mi 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
25 cyclization was monitored by HPLC. Typically the cyclization was completed within 18-24 hours:.



20 anal ytical HPLC analysis of collected fractions, %ﬁgg and aﬁgphlllzed
to yield 35 ng (10 %9 of a white, anorphous powder. @

honbgeneous by HPLC. LR-El ectrospray C53Hs3N1107 cal: 966 observed m z
(967 MrH). 28 February 2005 WD 02/ 18437 PCT/ EPOL/ 09630 -145 EXAMPLE 37
Prepar ati onwafe2Res3ta cycl o( Asp- Lys) - Asp- 4- OHApc- ( D) Phe- Apgrt/Eb@odess - NH2
Froc- Li nker-BHA resin (720 ng, 0.4 mmol) from Exanple 29 were subjected to
solid 5 phase synthesis using Protocol331 described above. Al couplings

wer e perforggd using HBTU in DMF as the coupling agent and DI PEA (3

equi v.) adomlebwate; ‘%aSééﬁF&itP AP Bipapastion BMEF W@V@Oﬁ%@fg igfvacuye apd e eesdtieg wi t h
Fnoc- Lys (:Befdn fbfire W@s purifidd 6yEPLCand HBTU (452 ng, 1.2 mmol), Froc- Trp
(520 ng, 1.2 mmol) and HBTU (452 ng, 1.2 mmol), Fnoc-Arg (Pnt) (800 ng, 1.2

I d H D).Ph I d HBTU
(452 g1 > The %ﬁﬁﬁﬁmﬁeﬁﬂ%ﬁeﬁ% PRI It cha IR P80 0T
mol ), Frdcd s apdgute Mtbsd;oeangradmn@faer@o%Ba(huffﬁmmlc/rAB@!Hw buffer Brivd®y . The
gagtc I1 ge?{ﬁzrmgcftmmmwmﬁﬂ M@ggmﬂ/ﬁ&%%&%naﬁgﬁ%mm%mﬂ aym (%? with
D PERs oo Ergiec I s bhealinied Sretins panled £3d e hiined A iolAdn s (A ohetss vel y
with 50 mwhea,cahm@ﬁho@ugﬁb&r(mcdm;mﬁd was Hoaivganatoby HENC, HRd:dospialir ee

penty1 - nex bRt ek hE RIS WAL 7ol T esi n was treated with 100

pL ethanedithiol, 100 L dlnethylsulflde 250 pL 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

chi | | edo eEXWMPIEId3er. The precipitates were centrifuged and the ether |ayer
decanted. The residue was washed 20 with two or three vol unes of Et20 and
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cyclization without purification. 225 ng of the crude |inear peptides was
di ssolved in 220 m of DWW, 500 L of N-nethyl f s added to have
an apparent pH of 8.0. 280 ng ed and the 2 ebruary 2005
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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-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.



WO 02/ 18437 PCT/ EPOL/ 09630 - 146 cyclization was nonit b
Typically the cyclization was conpleted within 18-24 ho%'zee%m%gﬁacof 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
mat eri al wasvgoarisfsred by preparative HPLC on a VWdac Cl Speekpdiodse- 5 5 X
20 cnm) and eluted with a |inear gradient of 20-60%B (buffer A 0.1%

- TFA/H20, buffer B: 0.1% TFAJCH3CN) i-1500 nmin., flow rate 8 m/mn,
detection 280 rim The main pcak was cut by anal ytical HPLC anal ysis of
col | ected fraditeSentyl-bexapeptideresin wpointdd withdl 00 pL thehallithiel, 100 1113% of a

whi t e, amog.p Thl ogeneous HPL

LR- El ect r ospr aiﬁd@@%ﬁ%&& ﬁ%%&%&‘@?%@&%ﬁﬁ‘?”ﬁ%%‘%f“ 136 minAVPLE
38 Pr epar atheoesinpvastdteral a@whshedﬂ:&b-knﬂ)l?&smi the H&Qﬁ@@rda@)’c&&ﬁm’%ﬂei ILys- NH2
15 Fnoc-L r e 29 were s ect ed
to solid I%ir%gs'g ﬁ%%%s‘p%%%ﬁg egta%%{qg%éf%rdl ErTpe nnthe\fgﬂduﬂlwlas ‘g%sgbcil ngs
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equi v a cl rformed of -on | e each with
F?mc Li/s @1?3{1@%’5%&8?4@%% éﬂ’éﬂ‘%ﬁ%ﬁﬁﬁ?dﬁﬁq’ £y F"')tg‘f noc- Trp
(520 ng, 1CJ’ dizetiagl witlhow prfidationt 52 ng, 1.2 mol ), Fnoc-Arg (Pnt) (800 ng, 1.2
mol ) 20 and HBTU (452 ng, 1.2 nmmol), Fnoc-(D)Phe (480 ng, 1.2 m ol) and
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The pept i deorphaling Vmasdieéﬁﬂhmanhpnac@hp}lﬁ&ps 780 oy FBOPveS akied ard theas hed

with ChgC ﬂ!ﬁu%sﬁﬂd%}e WL%(QHMEEY%H G dgﬂrﬁetemwiﬂ Iendufls 6%

Dl PEA/ CH2 r30m t The resin wa
successi v WateenrR A0 fz’cft%’ thaeersiond ¥ wes Eeramorged poeaom, andtie wi t h 50 nd
each of Oﬂ%ﬁﬁg&ézﬁoﬂhﬂﬁﬂew&pﬁiﬁeawmc and CH2Ct2 (three tines). The
resin was dried under vacuumto yield 1.1 g of Pentyl hexapepti de resin.

The Pentyl - hexppenld. dfetit SRkl R phgea&b%dprg\ﬂarabve P& o8k Qagac%'lé Qé)lgllnn](g g pL
x 20 cm) and eluted with a linear gradient of 20-60% B (buffer A: 0.1% TFA/EH,0, buffer B: 0.1%
15 TEA/CHCN) 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 (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



di met hyl sul fide, 250 pl. anisole, and 10 ni trifl uoroacet room
tenperature for 180 min. 5 The resin was filtered off, éﬁéhﬁﬁ r“gpﬁé

TFA and the filtrates precipitated in chilled ethyl “ether. The
precipitates were centrifuged and the ether |ayer decanted. The residue was
washed w ttotesasqar three vol unes of Et20 and recentrifugegepiidodsine crude

| i near product was dried wunder vacuumto yield 235 ng of an off-white
solid. The crude peptide was subjectedst-0 cyclization w thout

purification. 10 235 of the crude |inear peptides was dissolved in. 220
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C55H74N1209 Cal. . g 3 ﬁprv Zz.(1048 M+H). EXAMPLE 39 Preparation of
Pent a- cycl Ot A2 Eé AP 2T @3?@%& Ar g- Tr p- Lys- NH2 28 February 2005
WO 02/ 18437 PCT/EPCH/09630 148 Pnoc-Linker-BHA resin (720 ng, 0.4 mol)

from Boanpl e mwmybhmﬂmmdé&dnmsﬁ&ltd&mwfww etRt@sdlSiogp.ng Protocol 1
descri bed,abqv coupllngs wer e gyiforned using HBTU in DM as the

coupl i ng 4EE Ysg]ﬁde,éﬁfbﬂe\alpgo@qeﬂlplyla tv@meucspﬂaéwmtewge@m@slm

perforrTedT]ﬁB‘rem@ﬂﬁkﬂltéﬁédQ)fEMe Dietth -5 D TEAYSd (B atésSh él &dmg%@l and
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cyclization W1thout punﬁcahon

- 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).



steps 1- 5 of protocol 1, washed wth CH2Cl2 (three t| lgatrnd é%ﬁ ted with
2 nmL valeric 10 anhydrlde in 6% DI PEAJCH2CI 2 for 30 m % U4y sin was
filtered and washed successively wth 50 nl ‘each of CH2Cl2 (two tines),

i sopropanol, and CH2C12 (three times). The resin was dried under vacuumto
yield 1.2 g“uﬂuH&nVyl-hexapeptide resin. The Pentyl - hexapepirsi@os0si N was
treated with 100 L ethanedithiol, 100 pL dinethylsulfide, 250 L anisole,
and 10 nL trifluoroacetic acid at rool&-enperature for 180 nin. 15 The
resin mas#é%bpﬁigﬁioff, washed with -2 m TPA, and the filtrates

precipita illed ethyl ether. The precipitates were centrifuged and
the ether |ayer decanted. The residue was washed wth two or three vol unes
of Et 20 aR&pratenvf Péntgealofash-Ohg-spuge-(DiPieairgpdiaiNNas dried under
vacuumto yield 235 ng of an off-white solid. The crude peptide was
subjected to cyclization wthout purification. 20 23% ng of the crude

| i near peptides was dissolved in 220 mM of DME f N-nethyl

nor phol i ne was added to have ah appare of BOP was added
and the cyclization was nonitjg y i C8 t.he fcycli zation was
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reacti on, DMF was evapor at ' reacti on m xture
was purlfled by HPLC/RQSNIh Nobe
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eluted with a
|inear gradient of 20-60% B (buffeg” A: 0. 1% [TA/ Hé’o buf fer B: 0.1%
TFA/CH3CN) in 90 min., flowrate &m/mn, Fbctlon 280 nm The mai n peak
was cut by anal ytical HPLC anal y$ of coIIe fractions, pooled and
| yophilized to yield 60 ng (14% a white, anorphous powder. This
conpound was honogeneous by HPLC. LR-El ectrospray 30 C56H/6N1209 cal : 1061
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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,
| 10 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.




DVF as the coupl i ng agent and Di PEA (3 eqw V. ) as base. 2@5 ou% pg cycl es
were perfornmed of one cycle each with Fnoc-Lys (Boc) ( >i]rﬂjz' mml)
and HBTU (452 ng, 1.2 mmol ), Frmoc- Trp (520 ng, 1.2 mml) and H13TU (452
ng, 1.2 mmol ), Fnoc-Arg (Pnt) (800 ng, 1.2 mmgol) and HBTU (452 ng, 1.2
xnmol ), Frowxo @@s8he (480 ny, 1.2 mmol) and HBTU (452 nygpctedoid@ssgnol ),
Froc-4-1 PrOApc (660ng 1.2 mmol ) and HBTU (452 ng, 0.6 nmol ), Fnoc- Asp
(OBut) (500 ng, 1.2 mmol) and HBTU {¥%2 ng, 1.2 mmol). The peptide resin
was carriggtﬂ%{héou h shg s 1 - 5 of protocol 1, washed with CH2Cl 2 (three
times) andUfFOLVEH WiseAdes thtop thearaction, DMK wis eporaiedgoymiopEmsithpresdtitgr 30
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February 2005 WO 02/ 18437 PCT/ EPOl/ 09630 -150 260 ng of the crude |inear
pepti des was dissolved in 220 m of DWVF, 500 L of N-nethyl norpholine was
added to have an apparent pH of 8.0. 280 ng of BOP was added and the
cyclizat | BHAMPIERGNi t ored by HPLC. Typically the cyclization was conpl eted
Wi thin 18-24 hours. 10 ml of water was added to stop the reaction, DV was

evapor at eg, Hf‘f‘% agg] tikn ure was purified by
HPLC. This e@ ﬁ cyc i opﬂ’ﬁl qr?%éjsABg D)?hg—%: I;‘?‘PO'?B@?’QU ve HPLC on a
VydacCl18-colunnn (2.5 x 20 cm) and eluted with a |inear gradient of 20-60%
B (buffer A 0.1% TFAI H20, buffer § 0.1% TFAICHSCN) in 90 mn., flow

rate 8 m/mn, detection 280 nm e main peak was Cyt by analytlcal HPLC
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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 HBTU (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.



Cg7H78N1209 cal: 1075 observed: mz (1076 M+H). EXAMPL zt__l Pr ep%ggl on of
Pent a- cycl o( Asp- Lys) - Asp- 3- MeQApc- ( D) Phe- Arg Tr p- Lys- NS Fgruary
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 ugiggn&i in DVF as the coupling agent and Dl PEfwfede®gsi V.) as
base. Six coupling cycles were perforned of 20 one cycle each with Fnoc-Lys

(Boc) (565 ngy, 1.2 mmmol) and HBTU (45®8rg, 1.2 mmol ), Fnoc- Trp (520 ng,
1.2 nmmol) and HBTU 3452 ng, 1.2 mm ), Fnoc-Arg (Pnt) (800 ng, 1.2 mmol)
and HBTU ( 452ThePentyl-hexapeitie rdsimoess () tBhwith 2@Quinghanedithiohfiopland HBTU (452

ng, 1.2 =3 d HBTU

ol )~ FnduRe R st amas ah 10 BLaHiGpee R A C et e BTG )

The pept i (e resiniwas filieed off, Maéﬁdaﬂmmw@%ﬁlm%&ﬁm iPCHill&RAIA 09630
151, U0 e e Al B ERh BED B TSI RO ESAES) 20
resin was Vfl’ﬁhltt‘fépé@r@ﬁélumsbﬁmosudzmgmlﬁﬂm@andathm%hme#rmadﬂﬂmsdﬂé&ClZ (two
tinmes), a 2C h eS| n ri ed under
vacuum t o%??l@eerﬁg‘a togt eﬂﬁzﬁﬁt %ﬁm é‘i@%ﬁfﬁ’?‘i&@gﬁé‘é‘iﬁﬁ et ﬁf 9? hexapept i de
resin was qdlmoedmhmﬂpullﬁ@mmet hanedi t hi ol ,100 L di net hyI sul fide, 250 AL
ani sole, and 10 niL trifluoroacetic add at roomtenperature for 180 m n.
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pepti des msnajﬁﬁzairyﬁgl;plﬂlﬁ&zgyml,gf DMF, 500 L of N-nethyl norpholine was
added to have an appar ent pH of 8.0. 280 ng of BOP was added and the

W thi n10- 24" FaePak bRl B Gure bR ERbsiale PR @ L IR EVERRRR IR D\E
was evapokah em) ind eutediwith a Bmedr giadienteof 2D60%HP (buffer A: 0.1% TFA/H,O, 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, an:'lorphous powder. This compound was homogeneous by HPLC. LR-Electrospray

CspHggN120g cal: 989 observed: m/fz (990 M+H).

20 EXAMPLE 47

Preparation of Penta-cyclo(Asp-Dpr)-Asp-Apc-(D)Phe-Arg-Trp-Dpr-NH;




reaction mxture was purified by HPLC. This crude cycli eri S
purified by preparative HPLC on a Vydac C18-col um (2. g% @%%%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 wagp @rksspy 20 anal ytical HPLC anal ysis of col | ggiephifes@agti ons,
pool ed and | yophilized to yield 49 ng (12% of a white, anorphous powder.
Thi s conmpound was honogeneous by HPLELSA-R- El ectrospray C55H74N1209 cal :
1047 observed:, m z (1048 M+H), 28 February 2005 WD 02/ 18437 PC / P01/ 09630
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toyield 1,0 g of Pentyl-hexapeptide resin. The Pentyl - hexapeptide resin
was treat éalem#rimuﬁﬁom%ftﬂqm-mmu@rem-rret hyl sul fide, 250 AL
anisole, and 10 nL trifluoroacetic acid at roomtenperature for 180 mn.

The resin vasThé Pl aubhide iRl tithiolivin 160 I liedififl} 100 L1 | L7 at e
precipitated in chilled ethyl
dimethylsulfide, 250 uL anisole, and 10 mL triflucroacetic acid at room temperature for 180 min.

15 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 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). |
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DI PEA/ CH2PHeFTelg pac ifmpcdpr (Ferd (F30ang, L3ammel) M‘EHE@U%@ %éﬁé@l@@roces si vel y
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

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.



with 50 m each of CH2CI2 (two tines), isopropanol, C12 ee
times). The resin was dried under vacuumto yield 1. Zgagggr”ary%&r

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 {iyd8us4dP0 L anisole, and 10 nlL trifluoroacetig ﬁgbgm%ﬂ room
tenperature for 180 min. The resin was filtered off, ﬁ wth -2 m TFA
and the filtrates precipitated in childled ethyl et her . The precipitates
were centrjf d and t et her | ayer decanted. The residue was, washed 5
with two 8Fm RGeS i&%@é fftopths esagtRn: f’é@e‘?ﬁswa&éﬂi ig weruppeandthepesylting ar
product wasctibn mikturemabgfuriiad byHPLO, yi el d 240 ng of an off-white solid. The
crude peptide was. bjected to cyclization without purification. 240 ng of

th de |i
I\I—rerefwl © rrlor ‘frgneéy\k/\l/:faicgﬁ%{c e(‘fg;t %eéiﬁ;‘?% %%(gggr%’t Jﬁ%‘éégp @gﬂgkrzgs of BOP
was addedxa%aniﬁ@eltﬁecwéwhmar mmm@f%ﬁ%@r(ggﬁfew& NW@FW& cbafme DA%

cydi zats OWFMAT,CNYRI REAG., Wolvthie 8 ki /ndidt, dbptich 280 heh. 'I‘hlen’ﬂin sy added to

stop the r Li rated | acuum_.an res t
reaction ﬁ@%ﬂ%ﬁ?ﬁ%@aﬁ? i, pofle !@%@%gr kel olds
p:.ll’l f 11 ed Whitprmpegphatd poavdeP Thiodmngpoitydiass lﬁic?ygaﬁ) by HRLG LRQEBﬂrlo@my aBdff
eluted w { B uffer A: 0.1% TFAl H2O, buffer
B: 0.1% %’@A’f%&@(ﬁ@ oi%gérg%ﬁ"?zfn(gggﬁo ‘rate 8 nml/mn, de(; ection 280 nm

The main peak was cut by anal ytical HPLC analysis of collected fractions,
pool ed and lyophilized to yield 55 ng (14 %9 of a white, anorphous powder.
Thi s conmpound was honogeneous by HPLC. LR-El ectrospray C55H74N 205 cal:
1031 otoscEXAMPIR4oz (1032 M+H). 20 EXAVPLE 44 Preparation of

Pent a- cycl o(GI u- Lys) - G u- Apc- ( D) Phe- Arg Trp Lys- NH2 Fnoc- Li nker-BHA resin

(720 rangp, ngai Wrﬁ I u _ s hase
synt hesi s lf@l ng (%Y(C)lg Eégggrﬁ%igh o':vaec1 J%}ce(ﬂggﬁep‘br%’f@ V\Perlgﬁf)erfor med
using HBTU in 25 DVF as the coupling agent and DI PEA (3 equiv.) as base.

Si x coupling cycles were perforned of 28 Febru 05 WD 02/ 18437
PCTI EPOL/ 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 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



- 155 one cycle each with Fnoc- Lys (Boc) (565 my, 1.2 mml) and HBTU (452
mg, 1.2 mmol), Fnoc- Trp (520 ng, 1.2 mmol) and HBTU(3§ ebgary 2605y ) ,
Froc-Arg (Pnt) (800 ng, 1.2 mmol) and HBTU (452 ng, 1.2 mmol), Fnoc- (D) Phe
(480 nmg, 1.2 mmol) and HBTU (452 ng, 1.2 nmmol), Fnoc-Apc (550 ng 1.2 nmol)
and HBTU (444 odfisq3P. 6 nMmol ), Fnoc-G u (OBut) (510 5 no, peRemdilbeso and HBTU
(452 ng, 1.2 mmol ). The peptide resin was carried through steps 1- 5 of
protocol 1, vvashed vvlth CH2C12 (thre‘ewgrmes) and treated with 2 niL valeric

hydri d DI.P cl 3 tes. Th filtered and
vashed sudlBed FERTPR Sm e e ot eaptas LS etep Bpano

_ and CH2C1 Zrc(ctplrtniewﬂe cpgjigelihad tlesther laps ddeaned. The esiduyassurhddovithtebdr 1. 1 g

i th 100 SeerRanes FaDal st Prbifdi b ARER WG R Al 678 10 1

trifl uor ogiekt420 ngeif gh Gﬂ:%ﬁemlﬂe’ﬁﬁe:liﬁelpéﬁﬁeﬁfas hiifjedtddnto cyclibstioh thout\was
filterg’,d ?u;l ca hed with -2 ml TFA and the filtrates preci pitated in
chilled e fi ether. The precipitates were centrifuged and the ether |ayer
decant ed. The resi due was washed wth two or three volunes of Et20 and
recentrif uged22&mgqflﬂa ruuiﬂibledtﬂmpﬁdesmsaﬂsso]wed{\msnﬂmﬂemw 508 drof Mametihwh t 0

yield 255gm, f sol ti bjected to
cyclizati onr@}thﬁ % purl :hg‘é%a?lohgﬂ?igﬁ&rsw ? 19‘ Pﬁ) i nedér&peép fdes was
di ssol ved cydization was meritcpdby BPIEC. ﬁhﬂple‘cfﬂﬂthmcltryton mmldad@nml&ME. 0

have an apgai 3Naté}li‘la9£dcﬁd@o st egacﬁgn, BME WSy gﬂﬁiﬁgl xﬂ'%gc&uaf" andthk L‘ésﬁlﬂflé on
was m)nltored by HPLC. Typi ¢ the cyclization was conpl eted w thin®18-24
hour s. 100 TeRgRqR tigfurspisurified Héé% to stop the reaction, DVMF was evapor at ed
in vacuum and the resulting reaction mxture was purified by HPLC. This

crude cycl i c Tt endedyclivasateial whd difieg bypprepantite VRLGN Orptac @184¢6la6n (2.5

Cout for A 2beabend il o Bl b hond Gl RpHehuflourch % 0 o 5

M/ min, dEEAGHEN) md minn flowmese Amilimipeaisiections280um e 2@imprak wes aiby HPLC
anal ysi s @ﬁdﬁ@hmt@ga%mtcbm&d ﬁQ&QJn?%o@l@@alll ”getmmea&%ua 3&&:@1(9 %§9f

(1599 of a,.white 1am)rpho S his co neous
HPLC, PR Ehite pmggheugpovdsy ompoyndyas hopozsiseys BBk it OSPTESZMFH)
28 Febr uaCyH200/8),\WD ©22/obseddd: m/z (925 M+H).

EXAMPLE 50

.. Preparation of Cyclo(succinic acid-Dpr)-succinic acid-Apc-(D)Phe-Arg-Trp-Dpr-NH,

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),



PCTI EPOL/ 09630 -156 EXAMPLE 45 Preparation of Pent-cycl -Orr)-Asp
Apc- (D) Phe- ArgTrp-Orn NH2 Fnoc- Li nker-BHA resin (720 nﬁg(#g?’ﬁ’%‘%s from
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 ag@mtozagg; DI PEA (3 equiv.) as base. Six coupl i ngefisdi@sssyer e
performed of one cycle each with Fnoc-Orn (Boc) (550 ng, 1.2 mml) and
HBTU (452 ng, 1.2 mmol), Fnoc-Trp (5¥F-ny, 1.2 mol) and HBTU (452 ng, 1.2

mol ), Frmge- A 00 ny, | d H. BTU (452 ny,. 1.2 1),
Froc. ( D) PR 798 A e 13 S s A TRRARD ey 83 ool Eepck 52 TR SO0 d B
_ (1 520 rrgI i.mdﬁm@Haﬁ‘g (#E2Tab, 1 458m0Y), Froc DPiRd (180 fapyic2 Aspl) OBHBIU (€500,
. o . t] resi was .carl l.e
-t hrough s} t62 qu% Eﬁ%%-%ﬁc r o?%é%ln%?b \%\n/a@s%ggu\%&?f?’%ﬁé &éol?’tsﬁf%%m ﬁhﬁgrsl € and
tr eat ed- wil6l9 e, fmmel) iy PMF vithql/imi of DIPRA.6 JEber@iErwaHkaged aiidwasBed ni nut es. The

resin vas shdckskidtpdith BOlmie A SE CRYCHE AR t#EdsY, isolbdpinadAnd ik %@s 12 (two
tinmes), isopropaﬁgll,_ and CH2C gﬂ(%ﬁr ee tis%lrésg :JPTh_e resiﬁr?%s 1% ri’ed under
vacuum t o Tf &pig wes d5edyunder mspemite HelddPgPendpetidesesin. The Pent yl - hexapept i de
resin was treated with 100 pL ethanedithiol, 100 gL dinethylsulfide, 250

- pL anisol e, apkk dlftapbptideirfdd\4:QRGRYE With 360 i, &h qggmﬂmgmr 0 mn.
The resist was f}?elgt glr?%d e(;ff, v?/ashed Wi t lfc'LZ rﬁﬂe A an tﬁ%&%ﬁﬁﬁe’eﬂsﬁ

preci pi t atbdnisele,ahd 10 ad. teiflinrbacetit duit at robinetepiperiyye fonl &bmie (The eaittwas f uged and
t he et her . _JTh sidue wash 0 .t or .t hree

vol umes otﬁl t%écsgfaffng r@b@ﬁm ?lﬁgrgﬁe‘ganén © %%?ﬁﬂ@%%‘ﬁ@ﬁ%ﬁfﬁ%@%edri ed
under ¥acbrespiteiesvest derprifygerd apid theretindr layeictaptego Thelresiivewasvendeedpethitivol or was
subj ect ed iirGe vofiisiof BLIOPANEROIeBHEd hi &3l - i near
peptides was vgi sscs)love in 220 m gg? DVF, @g%p%ﬁdﬁgw%?%ﬁéﬁﬁ%ﬁ%ﬁgl i ne was
added to KHade2mgmfpaovthit bblalf Ti: GudeiBptiduyvas butoRd waghaten witheitt he 25
cyclizati piriff@godroni tored by HPLC. Typically the cyclization was conpleted

wi thi'n 18-24 hours. 28 February 2005 WO 02/ 18437 PCT/ EP01/09630 -157 10,

m of water was added to stop the reaction, DVF was evaporated in vacou,
and t he resu|2{2p|qgof the crude linear peptides was dissolved in 220 ml of DMF, 500 pL of N-methyl

15 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.

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



mreactlon mxture was purified by HPLC. This crude cycl te”%
purified by preparative HPLC on a Vydac C18-col um (2. g%'g%?@ Oélad

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 Wegp @HEssPY anal ytical HPLC anal ysis of coll ect gdrkp@rbds®Ns.

pool ed and |yophilized to yiejd,53 ng (13%9 of a white, anorphous powder.
Thi s conmpound was honogeneous by HPLOG64tR- El ectrospray C53H70N12C8 cal :
1003 obser. : (1004 MtH). 10 EXAMPLE 46 Preparation of

Pent a- cydmﬂaﬁ) Asp- Apc- (D) Phe- Arg Trp-Dbr-NH2 Fnoc-Li nker-BHA resin
(720 ng, 0.4 mmpl) from Exanpl e 29 were subjected to solid phase synthesis
usi ng Pr otRsepstation ¢€€palo(pnlticalbidvdpr)-Alaleicoidphpc() Phue Aey-Tgr Dpr-NHe  usi ng HBTU
in 15 DVWP as the coupling agent and DI PEA (3 equiv.) as base. Six coupling
cycles were perforned of one cycle each with FrnogyDbr (Boc) (540 ng, 1.2
nml ) and HBTU (452 ng, 1.2 mol), Fnoc-Tr 1.2 mol) and HBTU
(452 ng, 1.2 mmol ), Fnoc-Atg (Pnt) and HBTU (452 nyg,
1.2 mml ), Fnoc-(D)Phe (%80 ‘mg, 1.2 mmol),

—1" 2 2l ) and 2
Frnoc- Apc (550 ng 1.2 and HBZ ng, O. \ Fnmoc- Asp (OBut) 20
(500 ng, 1.2 nmol) and HBTU (4%2 . 29l )

: i de resin was
carried through steps . r,ol\ﬁ,d&/q\
L dhnyliri de i n 8%

CH2C12 (three tines)

and treated with 2 nm v Kl 2 for 30 m nutes.

The resin was filtered and ed stcce ively Owith 50 m each of CH2C12
CH2C12 (thkee tines). The resin was dried

(two tines), isopropanol, an
Rf Pent yl - hexapeptide resin. 28 February 2005

under vacuumto yield 1.10 g
WO 02/ 18437 PCT/ EPOL/ 09630 38 The Penjghyhexapeptide resin was treated

with 100 .tL ethanedithiol, 400 JAL di met hyl sul fi de, 250 izL anisole, and
10 nL trifluoroacetic acid at roomtenperature for 180 mn. The resin was

chi | Ted et hyi EReehape e Ploste Radunol FemabmipleS ek shisled @ sditer 1| ayer
decant edl. piisesynéiwisislusingBrotoseld hiestribedrbote. mhoﬂphﬂgblwele pebiatai wisiag HBtrmn and
e i o R RSl O L 1 1

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) (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,

1.

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
precipitates 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.



cyclization wthout purification. 220 ng of the crude | es was

dissolved in 220 mM of DWP, 500 L of N-nethyl norphol |dr§q€%5%£§gé%% 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 wlo®@fisasmt er was added to stop the reaction, DMrrpmsosd@por at ed
in vacuum and the resulting reactlon m xt ure was purlfled by HPLC. This
crude cyclic material was purified byl r‘eparatl ve HPLC on a Vydac

C18-col u a |linear gradient o 0% B
(buffer A mi &3 fg)"'ltﬁwfﬁfgmdo &’B‘raméeacgmﬂ:‘#@% @%ﬁfﬁﬁ”’flﬂmgba‘ﬁ{thﬂes FB% rat e
8 m/mn, Im%m#eumﬁndehELﬁal n peak was cut by analytical HPLC
anal ysis of collected fractions, pooled and Iyophlllzed to yield 35 rag (9

% of a mhlt'emsaﬁnaé U1 RENERS puliid HshuBY (3 HPLC.

LR- El ect | 7. 989 g : g NMPLE
47 Pr 2‘54 O y%‘rﬁ%‘ﬁ‘g y‘@?ﬁﬁg%ﬁlﬂmﬁzﬁ) ﬁggrﬁ@eff‘(% ﬁHé' Wﬁdﬂﬂ%ﬂﬁﬁfﬁ R 28
February JGAEHAON)Zh 9B, Wﬂaﬁ%@]ﬁ:ﬁ&ﬁ&ﬂmﬁ&ﬁ%oﬁﬁ@@ﬂe ca By dhEBy N (720

lrJrgSg i ng gr g]tg%c])q rILﬁg‘“‘escrl be§f E)C\\glgrﬁea #“%%Pg’ﬁﬁ?ﬁﬁ%‘%@ aﬁ‘r‘%gﬁoeﬁ? ?ﬁ@ﬁ@%"s R HBTU

in DMV adhithemotphsius powdayefbis eompoDheFas Bnageneous by HBLG dsfe FleGiaspapupl i ng
cycles we {(?’d&?d?@%bse%@rﬁ/!c{h%ﬁ@ﬁl? wi th Froc-Dpr (Boc) (530 ng, 1.2
mol ) and HBTU ny, , 5 Fmoc-Trp (520 ng, 1.2 nmol) and HBTU
(452 mg, 1.2 rnnol), Fnoc-Arg (Pnt) (800 ng, 1.2 mmol) and HBTU (452 ny,
1.2 mmol ), Proc-(D)Phe (480 ng, 1.2 mmol) and HBTU (452 ng, 1.2 xnnol),
Froc- Apc (550 nmg 1.2 mol ) and HBTU (452 ng, 0.6 mol ), 1 oc-Asp (OBut)
(500 nip, EXAMPEEIS? and HBTU (452 ng, 1.2 mol). The peptide resin was
carried through steps 1- 5 of protocol 1, washed with CH2Cl12 (three tines)
and treat eeho¥ats CH2Cl 2 for 30

m nut es. Thg regﬁfﬁgﬂﬁﬂgﬁ% ﬁ%ﬁ%@ghés-g%?e{%%ve y with 50 m each of
CH2Cl 2 (two tines), isopropanol, and CH2C12 (three tines). The resin was
dried under vacuumto yield 1.9 g of Pentyl-he re |n The

Pent yl - hexapeptide resin was t 100 L ethanedit 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 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.



di met hyl sul fide, 250 pL anisole, and 10 nL trifl uoroacejy oom

tenperature for 180 15 The resin was filtered off, msﬁjgfeﬁ%%o% 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 threwowwhsyyes of Et20 and recentrifuged and the cppgpdileh@ar Product
was dried wunder vacuumto yield 200ng of an off-white solid. The crude
peptide was subjected to cyclizationl&i-t hout -purification. 20 200 ng of
the crude |linear peptides was dissolved in 220 m of DWF, 500 pL of
N-net hyl  nor PhePentgd-hggaveptidtackin wastaeted with ARl ¢thanegithiof 1@ 0. 280 ny of BOP

- was added cyLl [-zati on ni,tored.by. HPLC. Typically the .
cyclizati 6%9 %@Q%%de %/@t"g‘ Oghﬁnﬁqégﬁgﬂhmfﬂ?ﬁ‘:chgtﬁ?mﬁfe%faé?’egﬁés‘é@%d to

stop the rBaeesinoms ﬁmhfédnﬁmgdpﬁﬂ:aufdl TBZA at:_?&l_ﬂdﬁltraﬁﬂﬂreﬁﬁﬁﬁt_écﬁﬁl&ﬂl&d@h)fl

reaction xl PSR ed . : is crude, cyclic materi was

purified by p'lrJI(:al%eFr at |11!\%%eésll':{lst3 c%n%ﬁ%n Ahe %@_aggq%ﬁpq?dz%ergg%wwasgﬁd

el uted i tAthdwp oridiage vghuntis ofEL O and Bcatsfged dod tiemruds liRariprodieAvhiaied buf f er

B: 0.1% i.n mnN., f Jat m/mn, .dqetectj.on 280 rim The

mai n peak-ls\%;\‘g}ésr cut i Yﬁ%‘ﬁ%&ﬁ‘%‘éﬁ“ﬁ&ﬁ%ﬁﬁ%@@ﬁ%ﬁgR?BP&"E‘E‘Pé‘H IF5etdi ons,

pool ed an@ydligaion withpeipurificgtionl d 30 rng (8% of a white, amor phous powder .

Thi s conmpound was honpbgeneous by HPLC. LR-El ectrospray 30 C51H6sNi 208 cal :

975 observed. g5 rﬁ%&gtﬂgajyﬁéﬂ%e?g&pggég W PNsoR2PR MPnl%E I%%? 4o ;Er c/»f lﬁ?gei{hydf 630 -

160 EXAMPLE 48 Preparation
Ac- cycl o( FsppiRfing wasaddegito Ham) Shappaen-pH ¢f8Mor 280Hg BABOP Wwasnddded Htdahe esi n (720

, 0. i2a . i | ool Yo hes
s e

in DVF a EseraYas Addedde sep the eaipERMESwas guapPTatecsis vhoaa, asl the cesultibg ng
cycl es weracteyhigtuiiedadfurified8y Hpot.e each with Fnoc-Dpr (Boc) (530 ng, 1.2
mol ) and HBTU (452 ng, 1.2 mmol ), Fnoc-Trp (520 ng, 1.2 mml) and HBTU

2 ng, 1.2 - . 800 . | d 2 g,
52 ol ) - R R e el Tkt By oot tprciin § YRS oy 175 ™
mol ), EnHel aptandshuedyith a linepngrpdientrof 2045000 B((46{ter iy 0.106 EEATHEOD,)buffeirR 6:1% p
(0But) 15 ( BBA/CIYCNY P90 VIR, MoR teke BRI Ahih 40 cf25h 25h 20, R knain JAEWRERL hfle resin

was carried,thr .
analyhcal?—iﬂ 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



'steps 1- 5 of prot ocol 1, washed W|th CHZC12 (three ti %%QPM%&M ed W|th

2 nmL acetic anhydride in 6% DI PEAJCH2CI 2 for 30 m nutes esi n was
filtered and washed successively wth 50 ail each of CH2O 2 (two tines),
i sopropanol, and CH2Cl2 (three tinmes). The resin was 15 dried under vacuum

to yield 1.wo3298s3Cetyl - hexapeptide resin. The Acetyl - hﬁé@ﬁﬁmﬁob(g@ re5| n

‘was treated with 100 pL ethanedithiol, 100 L dinethylsulf de, 250
~anisole, and 10 nL trifluoroacetic acl&-at roomtenperature for 180 m n.

The resin s fjltered off, washed with -2 m TFA and the filtrates
preci pi t aDMF #sthesouplingpeentapd DIBEMGrequipias pasechip raupling cyles were perfarindigfed and

e sl sy i Tspcoa v, 1san b R0 oty Y i
under vacﬁfpﬁﬁ@“ﬁﬂ?ﬂ’%ﬁgﬂﬁlwg 5%1“?& P%%O@%moa-ﬁarﬁé : b%ma@&a ade was

subj ect edHBI'U (@§2Zing.Za2 inmol)Finbo(ID)Bhe (480ingH { 2eimolP 41 mmvf(mhag ¢ Qlﬂﬂﬂol} i near

N A AR e L

cyclizat i e¥nekban Wé%édngayl 2iehel). Thereptidd rgsin fres aay:cddltbwgloanepaas Sobnrpl et ed
Wi t hi n 18prAoddPU Washed SifheITAAS Mg%eéﬁ%gy&m&?gﬂﬁﬁé@% 838 i 61 10 m

of water vvas added to stop the reaction was evapor at I n vacuum and

t he resul PHVYCHagkt fopa0 ?ﬁ%@r 'éhq/va%n Wewﬂlfer@c&nﬂyvaﬂﬁd@w@mdv mtluﬁ[émbe;idi ic
mat eri al C 018 col u 2. x 20
cm and el ut e%&lé\nh{wh%%l%l ne gr a E—H‘aﬁf@t@%ﬁﬂ} d%r?sfn gnml‘gfr TFA/ H20,

buf f er 10B: V@ﬂdﬂﬂoﬁdaﬂmgbmﬁﬂ-hmﬁ@udensm flow rate milm. n, det ection 280
nm The mai n peak was cut by anal ytical HPLC anal yS| s of collected

fractions, i zed %. ,of..a. white,

anor phous poagle %ﬁ%ﬁﬁ’%@%ﬁ%’&% eﬂ%dn%l&gooﬁﬁsqﬁvgaﬁ%f Petg ectrospray

&45 :—|6(() Nﬁ tzﬂaTe&qisulﬁaaaswnsamvael fnmamLQﬁﬂudY&e%&hc akfd %&%ﬂ_f;ieﬁnp%uﬁé P 8803thinON Of
clo(p i ¢ ac i C.a c e-Arg-Tr r-N

e LD def S5 AR o et o S el Rl g e i ebistbt cd 1 o

solid phta‘ee_ Shapleapitaesiracgeniifogedaat te cdes tiyirtiReingddp The refidhe @HWRLHeATS wer e

perforge dwﬂﬁ M@or'fﬁzyvélﬂmes of EtyO and recentrifuged and the crude linear product was dried

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).



15 DWMF as the coupling agent and DI PEA (3 equiv.) as bagepn gg@g)l [ ng
cycles were perfornmed of one cycle each with Fnoc- Dpréé?Boc) % ny,

mol') and HBTU (452 ng, 1.2 mmol), 'Fnoc-Tip (520 ng, 1.2 mol) and HBTU
(452 mg, 1.2 mol), Fnoc-Arg (Pnc) (800 ng, 1.2 mmol) and HBTU (452 ng,
1.2 mol ), woenedsyPhe (480 ng, 1.2 mmol) and } {BTU (452 pggmporkegse MOI ) ,
Frmoc- Apc (550 ng 1.2 ranol) and HBTU (452 ng, 0.6 mmol ), Phthalic anhydride
20 (660 ng, 6 nMmol) in DMF with 1.1 nl68ef DI PEA. The resin was filtered and
washed s ively with 50 nil each of CH2Cl2 (two timnes), isopropanol,
and mzozm% mes). The resin was dried under vacuumto yield 1.0 g
Pent apetide resin. The pentapeptide resin was treated with 100 gL

et hanedi t Prefaralidd of AdiNietyklpl GpsiGys)€ys- AR D)PheaAigsTHpeCysalid, 10 i
~trifluoroacetic acid at roomtenperature for 180 mn. The resin was 28
February 2005 WO 02/18437 PC TI EPOL109630 -162 filtered off, washed with -2
m TFA and the filtrates precipitgtedyin chilledNgtbil ether. The
precipitates were centrifuged and el et her | ayer ¢lecanted. The residue was
'Et20 and recgeftrifuged and the crude |

product was dried under vgcuumto f an off*whjte solid. The
crude peptide was supj e i i ut 5 pgo Lecation. 220 ny
of the crude |inear n% 500 gL of

N- et hyl  nor phol i H o : 280 ng of BOP

was _addepl and the

and t ulting 10
ypt eri al was
purified by preparative HPLC on a Vy 20 cm and
eluted with a linear gradient of 20-60% TFA/ H20, buffer
B: 0.1% TFA/CH5CN) in 90 min., flowrate 8 m/mn, "detection 280 rim The

mai n peak wasmﬁue_r,maam&yasm ado PG n%aab ﬁ%hlsmﬁ]pﬁ% lw\?\ﬁés%ﬂ;e&ﬁ@fbt S
pool ed .an Xg% il yiel a~ 15 ,, anor oqs
powder .> TRT% Hﬂn rh?’g;:g

C18- col um ( 2.

(@]

°¥fy ﬁﬁiﬂe@h&gﬁwep peroraradusipg
C, 50H57N1DDIF asdhe coﬁﬁlingﬂg&ﬁ @ DIPBA (3 eqiti.padVhld). SevexX @Bl &R1es 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,Cls 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%




Preparation of Cyclo(succinic acid-Dpr)-succinic acid-AgedyRldheods 9
Tr p- Dpr- NH2 20 Fnoc- Li nker-BHA resin (720 ng, 0.4 xmaol) from Exanple 29
were subjected to solid phase synthesis usihg Protocol | described above.
Al'l couplings were performed using HBTU in DM as the coupling agent and
Dl PEA (3 eqwon2his8%- base. Six coupling cycles were perfopgpgpeffissspne 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 / 49660 - 163 Frmoc-Trp (520 ny, 1.2 mmol)
and HBTU (452 1.2 mol), Fnoc-Arg (Pnt 800 , 1.2 rmol) and HBTU
(452 ny, 1141’2"9%17),“1#%%@( Ees(m’éwnh&?teq?).oz(lﬁ%m%mmﬁeqabwaa%bﬁg, 1.2
mol ), Frogaljiel KBEOawlysit ofcollegtd frafitnd, Bdibd #hd 2yopHilizdd 16 yRINBIng of PuRSINT C
anhydrldelin%g\%g g, 6 nmol) in DM with 1.1 m of D PEA' The resin was
filtered an RUEH 5 successively with 50 mMl each of CH2A 2 (two tines),

i sopropanol, and CH02 (three times). The resin was dried under vacuumto
yield 1.0 g P&he pyéicr dipeer pepitide wihdissobnd aydept ofdiM$@slilntedadtht>0@ e efiwasért h 100

M. et hape Ginll BlePH wQ@justed & prER BN iBUHIIGI? 0,400 b%w*edﬁﬂﬁscﬁ StutRA9nd G
d 180 mn. T

trifluoroaceti ¢ aci he resin was

at rggmterrperat re for 1 es
filtered SFFZARAQIRE Jroffiens -?zﬂﬂcmméﬁﬂhﬁ Riclipation pas osnplgted:irighin 24-d#houss.
chilled etithygkoletidrewas lybpkilildd apd €td htead @ssodeten CERCOOHUWER Fradfiljcbiag Lt her

and 1 econtPEEIBEBERG ST h O A SREERA bl %e Plts b Bimitetrient 2051 o o

220 ng of 68% :0d % BFA/HLO;Thvdfer BUU®6 FRAMCHIEN)MasS(auinj, dowveste 8 enl/min,

cyclizagi k 0N, . A i des was
a0 Ssol o et . Phpih GBS R cat ol LG SO IOER 6 REBY 025 15
have an appaledand ephizegtoyieldbYpma{t.390)B cydigpeptidadhisrempputd wast | on was
moni t or ed hBholiRkbus b HALCAILRYEI AR st Z Bt : CoTRb&NRE: L (il 4
hours. 10 mgflf vva?f-er was added I?oﬁst%g%o%éﬂ%lacti onjﬁ%uww\%adgbgegvgﬁgr?at ed
in vacuum and the resulting reaction mxture was purified by HPLC. This
crude cyclic material was purified by preparative HPLC on a Vydac

C18- col um 22.5 20 x 20 cnm) and eluted with a |inear gradient of 20-60% B
(buffer ARagy AJH2O, buffer B: 0.1%

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



TFA/CH3CN) in 90 min., flowrate 8 nml/mn, detection Z%thbﬂjarg'b@ogmln peak
was cut by anal ytical HPLC anal ysis of coI | ected fractions, pooled and
| yophilized to yield 31 ng (8 % of a white, anorphous povvder Thi s
conpound was honogeneous by HPLC. LI Z-Blectrospray C5H57Nr107 cal: 876
observed: nwo @A%é7 MrH) . 25 28 February 2005 WO 02/ 18437 pPfshbdiigédsh 09630
-164 EXAMPLE 51 Preparation of Cyclo(maleic acid-Dpr)-maleic
aci d- Apc- ( D) Phe- Arg Tr p- Dpr-NH2 Fnoc-L7hker - BHA resin (720 ng, 0.4 nmol)

from Exanpl e 29 e su %5%62 to solid_ 5 phase synt hesi s using Protocol |
descri bed %??G@e witle CELGRthssertivers) andiepateg with 2ol yalgricas t he

coupl i ng mwmﬁfiﬂé@'[fiﬁﬁaﬁﬁg@i&lfo\f ab nﬁm&aﬂferesﬁa %as%ﬂ&%'a.ﬂ@wﬁ%@& ﬁ&ce(@ & |

performed of, one cycle each Prroc- Dpr

HBTU (452 W@bf*olmlzeaﬁ%ﬁ(;HzClﬁ?ﬁ@ mneﬁ r(s@zwanrgl? alrsloczlzlzﬁin Kt;zreggnmmsm l(esiaxramag,

1.2 mol), I 2 HBTU (452 ng, 1.2 mol),
Froc- ( D) Phdéfe?ﬁ‘g%évgmﬁ%@“ﬁwéﬁg %@}g@er@,}?lo 1.2 mol ), Froc- Apc
(550 ng 1.2 mml) and HBTU (452 ng, 0.6 nmol), Maleic anhydride (600 ng, 6
mmol ) i A DVF \mhsﬁeqtﬂé:eamw@memwaamme(lﬂmblmL@hmdnﬂw Wowhout DI PEA. The

e " e A 55 eSS, Sttt A s BBl R Bt

vacuum t o Thegbsth Was(ﬁltgreﬂ’eﬁlmbddl viith +2:m] TPA abdehaitihtepgpiipited i8 Shilled@bylt r eat ed

with 100 et BANGHLLIL ere L OR: B IRLIMEGUL L) 88101250, 12:dc A a”hsd?es. .

and 10 nL trif room

was filtervdeh wpfor %Wbmwfﬁzomﬁt%ﬂﬂmﬁlgﬁnﬂm ctrudEtlmaarq:gochWEwasgﬂrtedt ed in
chilled,ethyl. ether pre i cen rlfu d t et her | ayer
decant gd _g‘?es atﬁ’éﬂe\}\g%%v%%??@'g %a ets%{ € Y ReRY ‘Vﬁﬁ’ér@e ‘%tﬁtZO and
recent ri f iygaatioandthohtpwifigatonpr oduct was dried under vacuumto yield 230
ng of an off-white solid. The crude peptide was subject ed to cyclization

' 220 i ol LEE Bt Reag it Rep Mo sk R S PR TR SHiEpBhgR” v

appar ent prpphole gas @@Gd techave atB@am@Iédﬁ&d 286 mighod BOByab bdrirtl noditheas
moni t or ed patizidnGras oRiGRE by HPNE. Fppichilydl &R MBSwi R Rt 1454 ddland 4

hours.
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).



28 February 2005 WO 02/ 18437 PCTIEPOI/ 09630 -165 10 m gfrapisy oves added
to stop the reaction, DVMF 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 x 20 cm and
el uted w t hwa d2nuggar gradi ent of 20-60% B (buffer A 01%dipddidékse 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 HPLG Bfal ysis-of collected fractions,
pool ed an%éﬁé&ﬁ,s'_i zed toyield,28 ng (8 % of a white, anorphous powder.
This conp 6hormgeneous by HPLC. LR-El ectrospray C4r, H55N11 O7 cal:
874 observed: nmz (875 MrH). 10 EXAMPLE 52 Preparation of
Pent a- cy cPoépasioh pEhenfis (Aspigs)(Ash BRBrAt-(DPhpAky SrNHR-NHDPGekli )ker - BHA resin
(720, ng, 0.4 mol ) from Exanple 29 were subjected to solid phase synthesis
using Protocol | described above. Al couplings were perfogned using HBTU
in 15 DMF as the coupling agend and DI PEA -v) as bage. Six coupling
cycles were performed of one each with Fnoc. -Lys (Boc) (565 ng, 1.2
mmol ) and HBTU (452 nag, 1.2 Froc- Jrp (529 -2 {mmol ) and HBTU

(452 gy, 1.2 mmol), Fnoc-Git {(480 nyg, ;@m) andyKBTD (452 ng, 1.2
nmol ), Fnoc- (D) Phe (480 ny, }.2 nmmo}) a Td) (45 N 1.2 mol),

Fnoc- Apc (550 ng 1.2 mmol ) amd HB 4 nmv%;f\s I)N -Asp (OBut)
(500 ng, 1.2 20 nmol)_ and T ¥, . 2 :inmoty~ € pebtide resin was
carried through ste < of ©p pcol @, wWwashed th Cl2 (three tines)
and treated with 2 niL valGeric T«r ide in 6% DI PEA CH2C12 for 30

m nutes. The resin was filtered _add sashed sucldessively with 50 ml each of
CH2C12 (two tines), isopropanol Brand CH2C12 (f#=ge tinmes). The resin was
dried under vacuumto yield. 1.3 g of Pentyl-hexapeptide resin. 28

ool nvas. tr CRERHARE VLSS {202k Qarmo FOm IE0mls elarsbRgrlaridde, 250 L
ani sol &, pinde yothetis dsirigffiromocda cedcibedbiote. ATl doRpliNg Weme Pedbraied ufifg HBPO ik .

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-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-W];ite solid, The crude peptide was subjected to
cyclization without purification.



The resin was filtered off, washed wth - 2 m TFA and t
precipitated in chilled et hyI ether. The precipitates é\%g:réedr%érg ﬁuged 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 vacuuwoteangssel d 300 ng of an off-white solid. The efwemipspsi de was

- subjected to cyclization without purification. 300 ng of the crude |inear
pepti des was di ssolved in 220 m of DMZ- 500 pL of N-nethyl norpholine was
added to have an apparent pH of 8.0. 280 ng of BOP was added and the 10

cy' clization ¥sm ¢ endellingpr pipLid:s Way gissobred in 220 ext o DMFz 500i 1 of Wamethginp| et ed
Wi thin 18ygfy, lﬁlﬂﬂé%asadﬁgdmhagwﬁ% 30 }?8'98961' E@ﬁ%%ﬂéﬁ%&&%%&in%%ew was

evapor at ed vacuum and reac was purified by
o

HPLC. Thi qtiee vy mpPnitorsd b HPEE. Ihfascalbuh? gyckzgtion wiscempletad widin-i-23 tomrs
Vydac C1816 ail bf¥atérdvas added2O stopkheatdtion, lﬂﬂ\ﬁdww& ofatdd IASRFuug, %Hﬁél}esﬂ&n 0- 60%

B (buffer A Ol‘yTFA/HZO B 0.1% FA/CH3CN) in 90 mn. |l o
rate 8 mfer?ﬁll ’B Wﬁ)‘ﬂ"%@g f?&iq’he mai n peak was cut by anal yti cal HPLC
anal ysi s of collected fractions, pooled and |yophilized to yield 80 ng
(209 of a whHhis @ud%ﬂmhmmsalpumﬁedﬁhp&pmm vesVbnGiRndans (hy HPLC.

LR- El ect r 99pEaY and Midd-Min 9 8n&Rbradik _26’*8@% V6 wjpﬁ %@@'ﬁuﬁeﬁ% EXAVPLE
Foe - L1 nRus BALCHBEN in ot dowasia  rkrin & s e Ahasne redopact od o

solid phag®yaydlythelsiELcs Bfa,u@c@@ifra%u 1:0@Hd BBAMBzed ¢] gs were
perfor{BEdﬁgEﬁ% HBTU in 28&%; 2003@2% 2/ 18437 PC'I§ Iili’p%lillggg{%@ 167

DVF as th Pyter BRRTPRRES ef) i5COpO % bpmogensqusby d&apl i ng cycl es
wer e per f Blectespof Cs:biatN:004Br eal cH6H obsieitviad: biyp ¢ 1069 M+HBoc) (565 ngy, 1.2 mmol)
and HBTU (452 ng, 1.2 mmol), Fnoc- Trp (520 ng, 1.2 mmol) and HBTU (452 ny,
1.2 mol), Fnoc-Ala (380 ng, 1.2 nmmol) and HBTU (452 ny, 1.2 mol),
Frnoc- (D) Phe (480 ng, 1.2 mmol) and HBTU (452 ng, 1.2 mmol ), 5 Fnoc-Apc (550
ng 1.2 nmigggmu (452 ng, 0.6 mmol ), Fnoc-Asp (OBut) (500 nmg, 1.2
mol ) an 2 mg, 1.2 mol). The peptide resin was carried through
steps 1- 5 of

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



protocol 1, washed W|th CH2Cl 2 (three t| mes) and treatez% har% %sval eric
anhydride in 6% DI PEAI CH2C12 for 30 m nutes. The resin vvas Y ?ered and
washed successively with 50 m each of CHCI2 (two tines), isopropanol,
and CH2CI 2 (three times). The resin was dried under 10 vacuumto yield 1.4
g of Pentyl siepeapgpti de resin. The Pentyl - hexapepti de resicirpiiodsheat ed
wi th 100 pL ethanedithiol, 100 iZL dinethylsul fide, 250 p,L anisole, and
10 nmL trifluoroacetic acid at roomteifferature for 180 m n. The resin was

filtered of X\@[ with -2 TEA and the filtrates precipitated in
chilled et Yﬂ‘é‘ﬂ?mf@‘é’ﬁé&@%ﬁ&t@é%@%&h@msmméltméa%&neash@dwer | ayer

decant ed. shh@ssive§ it 80 WA SaWRF REYC, e truﬂes§ Wg%péj:nl %d binehy2© and

recentrifuged and the crude |inear produc acuumto yield
330 ny of ¢ resirwassriedundsr vasnumievicdlde qfé’pmﬂ?hlhexmndutxpmct ed to

cyclization without purification. 330 ng of the crude |inear peptides was
di ssol ved i n ZROpdikv1 BExd d ahel s added to
have an appar ent e?)ilt-lyof % eﬁ&gl%h%%tewﬁmu%ggﬁ anai’?ﬁoe’w?io cyclization
\r/]vas mon$ t cthﬂgn]ﬂd@LZ'}O LTyapisola) dnd 10 Indl. teifladrbacatit aid svasorm ERpRitart R 180 iin. 18d 24
ours 1 e ion, was,eyapqrate
in vacuum%%] %Vﬁfrtegé% ?‘F?%‘ge%“g%c%%‘;ﬂ% ?‘Pﬁ?%gk%atﬂ F‘P%\\{P‘i]jmtf;’%t%' Thi s
crude cyclether r{ﬂleerﬂcwamwerp geritfifuget! dnd the etlpadayei degartiRl Theneddudydawashed

C18- col UnWyithdws or thred Yok 20:- 60% B
(buffer A 0.1% TRA/ D0, e%ﬁ@f{%@m%m%&%n?ﬁﬁ%&@%@gﬁ%ﬁgw%g f1 ow
rate 8 raluﬂﬁrﬁacuueltfemdoﬁﬂmfmfﬁmeteMdnTbea-hdd\p@udutvasb;)Abyaﬂ&itystl cal . HPLC

anal ysi$ Q;Chgz@o]]e%gg ﬁ%oﬁns pool ed and | yophilized to yield 87 ng
(20% of a white, rphous powder. This conmpound was honogeneous by HPLC.
LR-El ectrospra C51H65N9CB cal: 932 observed: mz (933 MtH). 28 February
2005 WO 02/ 18¥8mawtthemmnly lpgsapptides HardinnPedins20 Bl op BME, 5ofplodt N-methyl

Ac- N e- cyg{ HoYif p c ke BHA resin
(720 10, 6 e@@%?%%%xma 99%5%&3& R R

synt hesi SC’GQT“HQ“ YheRigred b lZAMIlWﬁpmplfg@lmd:ﬂ@libéﬂmmd

usi ng HBTW inhof water was added to stop the reaction, DMF was evaporated in vacuum, and the resulting
15 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 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)



DVF as the coupl i ng agent and DI PEA (3 eqw v.) as basezéi_e en C%&Jhgng |
cycles were perfornmed of one cycle each with Pnoc-Cys e\tﬁf 1.2

mol ) and HBTU (452 ng, 1.2 mmol ), Pnoc-Trp (520 ng, 1.2 mml) and HBTU
(452 ng, 1.2 mmol), Fnoc-Arg (Pnt) (800 nmg, 1.2 mmol) and HBTU (452 ng,
1.2 n; mol ), wo®gsskP) Phe (480 ng, 1.2 nmmol) and HBTU (452p88wpekfecks 2 Mol ),
Frmoc- Apc (550 ng 1.2 nmmol) and HBTU (452 ng, 0.6 mmol ), Fnoc-Cys (Trt) (710
ng, 1.2 mmol) and HBTU (452 ng, 1.2 niml-), Fnoc-Ne (430,1.2 mmol) and HBTU
(452 ng, 1.2 mmol). The peptide resin was carried through steps 1- 5 of
protocol % with CH2CI2 (three tines) and treated with 1 nlL acetic
anhydride in 6% DI PEA/ CH2C12 for 30 mnutes. The resin was filtered and
washed sudegrsitionlof Paith-t(AOLy3)-AgR6 TIAE-(IOHRCIAZe (T pVDyd NAB Gleak 1)SOPr opanol , 15
and CH2Cl12 (three times). The resin was dried under vacuumto yield 1. 2 g
of Ac-Heptapeptide resin. The.Ac-heptapeptide resin wag treated with 100
pL et hanedithiol, 100 pL di nmethyl sul fide, i ni syl e, and 10 nL
trifluoroacetic acid at roomtenperature f i esi n was
filtered off, washed with w2 ipitated in
chilled ethyl ether. The 20 pr ‘and t he ether
| ayer decanted. The residue 1ed. vol umes of Et20
and recentrifiged and Ahe c ' /\g]/&gyk [ under vacuum to
yield 250 ng of an of%es | i g i i i i de was purified
by preparative HPLC on a Wdac C ¢ and eluted with a
| i near gradient of 20-60% B (buffe . B: 01% n 28
February 2005 WO 02/ 18437 PCTI EPgX 630 -169 1 TFAI CHBCN) in 90 mn., flow
rate 8 m/mn, detection 280 nm The main pekk WMas cut by analytical HPLC
anal ysis of collected fractions, pooled and |yophilized to yield 45 ng of
p]lcjriD}‘v:Sed i Mc-pﬁhﬁ&%ﬂt&r&hﬁ(?@@lﬁ izf 0.Smbol) 2t EReH) éHz?vae\f@&b ReRE R ¥R | u 223 81
o] Wi t e was. ad Ie P
o t N oRistRiheth btnp Potet PestiieT e Al i e pbdihe il
moni t or ed D4F #‘ﬂl@hﬁou]im agaitl apd THBEA) (3odqinivd ks Ione. VRS canplipd aytledwank pé}fdnm%ﬂB
hours. T i

B6e ek Uch QR Fifod HRRBLD giﬁggt%i\%mﬁ{;}gmﬁ@gﬁ ufgg?hg%go% Riogo O o

and was subj écted to prepar at |
and el ut ed™REhmE 1.2 Hunel) dHBER {453mep b2 mm01)’ moc-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.



60% B (buffer A 0.1% TFA/ H20, buffer B: 0. 1% TFAI CHSC%# flow
rate 8 mMmlmn, 10 detection 280 nm The mai N peak was éﬁlcal
HPLC anal ysis of collected fractions, pooled and Iyophlllzed to yield 20
ng (4.7 % of purified cyclic peptide. Thi s conmpound was honngeneous
byHPLC. LR Qe@hsaspray Cs3H70N1203S2 cal . - 1067 observegerip 6},968 M-H) .
EXAMPLE 55 15 Preparation of Penta cycl o( Asp-Lys)-Asp- (D, L§ Atc D) Phe- Arg
Trp-Lys-NH2 Fnoc- Li nker-BHA resin (72005rg, 0.4 nmol) from Exanple 29 were
subjected to solid phase synthesis using Protocol 1 described above. Al
coupl i ngs \aref paier vrspdded feistop themaactiom Dl\&\manmeémmmg andytharesaltidg DI PEA

(3 equi V. resfiodAS@ure KaX &méglb HngycI es were perforned of 20 one cycle each
wi th Fnoc-Lys (Boc) (56 2 mmol ) and HBTU (452 ng, 1.2 mol), Pnoc-

T8 (520 %, PP ol Db e 15,

HBTU (452 %#§ cm} and elnted Wjth afimee gatiepif 20-69H®B (msgffar A OrifoTHA/BRO, HdlfEt B:(04%2 Ny,

0.6 , 1 |
The pept | d oAbl 6T )out kR e dsfecR o B0 Tt BT nlghP ool s &y )
PCT/ EPOL/ G98B&al HELC angysis of @Heosfdo%ac@ﬂetmebﬂ and lmdyh@d tuield 2&p@CH26) offar ee
tinmes) andv}ﬁte,%i&ﬁhdus bbwder MEhiY 8dnf¥dufid wad HovHgeat@ub By HBDE: Q}E’@%k&lﬁg 2 for

m nut es iltere succe55| vely wth each of
CH2Cl 2 (tvéﬁ'{“?hﬁ%é‘;&mgs]@é #ﬁﬁgw\aﬂ% (three tines). The resin was
dried under vacuumto vyi eI d 1.15 g of Pentyl-hexapeptide resin. 5 The
Pent yl - hexapeptide resin was treated with 100 pL ethanedithiol, 100 tL

di met hyl sul fi de, 250 pL anisole, and 10 nL trifluoroacetic acid at room

t enper g urpaAMETEES0 M n.  The resin was filtered off, washed with -2 nl TFA
and the fi I trates preci pitated in chi |l ed ethyl ether. The precipitates
wer e centr fuged a | aye ted. The resi s washed wth
two or th 1&8%{?@8 &EP‘[}@%a%B @%ﬁ@é&iﬁé’ﬁﬁﬁm@&? | i near product
was dried 10 under vacuumto yield 245 ng of an off-white solid. The crude

pepti de was subjected to cyclization without purifi Non. 250 ng of the
crude linear peptides was dissolved in 220 n , 500N tL of N-nethyl

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,



nor phol i ne was added to have an apparent pH of 8.0. 280 of BOP was added
and the «cyclization was nonitored by HPLC. Typically t %W?Q@@ 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 purifiedvdyyiBRC. This crude cyclic material was puripbr@esiR¥sso
preparative HPLC on a VWdac Cl8-colum (2.5 x 20 cm and eluted with a

l'i near gradient of 20-60% B (buffer A176 1% TPA/ H20, buffer B: 0.1%
TPA/CH3CN) iin 90 min., flowrate 8 m/mn, detection 280 nm _The main peak
was cut bynda0 sriflpproatetic puidat apnm (esipstadire fus|l Bwine TThe resintwas Alteredoldl ed- and

| yophi | i zeghshed wiitel HmBPEABNd thd Attt rea lta»ﬁéa lh%hﬂ@d@ﬁﬁ B 'ﬂ@gﬂ:@fpﬁatz e
conmpound was nggn %HPLC 4: r os H68Nép al : 989
observed: Eiﬂ@ ey herttyer desrited, Thssendupaebmshed: CEARLCH I
Pr epar at i %@m@amﬁg@dw&ﬂm&@rﬁxﬁh@aﬁﬁb&uﬁeﬂviﬁmWﬁcl&llzl&) hgeak 1)
Froc- Li nker % agg@? 8 rm‘t)) ec{)(@om Exanmpl.e 29 were subjected to
solid 5°pHAQ Egepﬁ DY HSHPIe¢ W%’é’&“&‘@@?‘é’mﬁﬂﬁ%oupl i ngs
were performed using HBTU in DM as the coupling agent -and DI PEA (3
equiv.) as bag® mPbRiheetidk iifgr H@Sva‘é\ﬂfs@hﬁ&iﬁmim@fgm SO N-Reigch Wi th
Frmoc- Lys Boc 565 rr%i E’I’% ﬂ’) and HBTU (452 irdﬁl% Froc- Tip
(520 g, Wasadiledigorkyve amappargnt o o %r‘?mﬂjmmSﬁ’BEOB\P@S 30dthe0 ng, 1.2
mol ) anctydﬁBa‘ﬂan’éﬂm@preﬂlb? HPO! Pypichitpthe (ididdtion (dEdnipletedwihin TR024 howng] HBTU
(452 ny, 62 mol HBTU (452
my, 0.6 rﬁoﬁp%@;ui@é}mécwls&gﬁéﬂ%%égt ”%4586"} @gm Wﬁ%ﬁd‘é‘n %Ezr?P‘P'g‘%?sWE“ 1.2
mol ) . 10haeagegn ma@ll}ee@ﬁpum@sleHHCed through steps 1- 5 of protocol 1,
washed vvlth CH202 (three times) and treated with 2 nL valeric anhydride in

SZA:: ELEEIA(/ 342 Or&s Exrde 3}Qh31ﬂatéhﬂswas ﬁl@ﬁeﬁ%%?bp%ﬁvéﬂbﬂ@éfggﬁd%g cg%g&ﬁﬂg 25
(three ti r‘f‘@ dsgi‘fﬁgiwi‘tgéﬁ‘ﬂe%ﬁ? P'?‘ééo %equ\'}gﬁrtﬁx&lfy‘b @V@p (a'blﬁif Odfo

Pent yi - heﬁ#&mﬂé in 8 inin., Mﬂﬂaﬁ(ﬁﬂﬁljﬂhmhéﬂﬁﬁﬁ@%&iﬁnfﬂﬁls&oﬂ&ﬁmﬁﬂpéﬂtﬁﬁkc\?ttt h 100
L et hanedi, | sulfide

trifluor oa et I'c ac]g%g“ @Slgg%{ayeéeérﬁél e 3081%‘1%%%13?%%‘38%&?2@%?\%%
filterdd of# whmgmenvhm Pppweder. rﬁhls'lflﬁmpamﬁtmémtnogmeauselwlﬂ‘léb iLBi-Eledroepran
chilled eidHN;,04Cl cal: 1024 observed: m/z (1025 M+H).

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-



et her. The preC| p| tat es were centr| f uged and the ether aﬁ(r%r éﬁﬁ ed. The
resi due was washed 20 with two or three vol umes of Et 2GSHHPT¥ I fuged
and the crude linear product was dried under vacuumto yield 240 ng of an
‘off-white solid. The crude peptide was subjected to cyclization wthout
purificati omwo @B8sdzebruary 2005 WO 02118437 PCT/t POL/ 0963@c1/kfrinsds Ny of

- the crude |inear peptides was dissolved in 220 ml of DWMF, 500 pL of

N- et hyl  nor phol i ne was added to havd&?7an apparent pH of 8.0. 280 ng of BOP
was added ,ﬁpg%?tsohe ycl i at| s nonitored by HPLC. Typically the
cyclizatio r‘ré 5@% 13aumel), Fmay-Ang (Bmc)(§00medesmmabed t o

st opt t he raaddiBTR(45DME, m&mlﬁﬁam’)ﬁgﬂﬂ’hh msuwummﬂaﬁdmw?mﬁﬂ%lﬂz S
reaction r cli e

Dot o0 oihEaeeBId i) LGS (o bl o O Su BTG (00, 8.0 Sl onge iR

el ut ed wi t(PBatl(F¥uag, 1 muoiobntd BBTDA480%g,B. X thinbl) e Thépeplidd fésith it &H2@d buf f er
B: 0.1 [ ct| rim The
First o ogh e 15beputlol L waitie Withrfich (bR 454 BelL At Siy.

fract |h ons v gégi#ddds%ﬁnlwwlﬂwmg[ 13 do:;&Oeiuduﬁfa Tﬁgre@ﬁ v@e@kggggdﬁndamﬁidt e,

anor phous er 0 o8 neous ect rospray
CS2HB7NI2 fokly witl 50 i uch oy £t 33?“20 £9at i on of
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Froc- Li nker-BHA resin (720 ng, 0.4 mml) from Exarrple 29 were subjected to

solid hase Proto 0. couplings were
per:‘or rrgd usi 2% tﬁ?%()]ﬁeﬁape I%f’émf"‘ﬁ %@E‘ﬁftﬁi@'ﬁgﬁﬂiﬂe&%ﬁdqﬂm& (3u2q:u \g/ ) as
b . b X ded e - L

(Boc) (56 m@*‘ﬁ‘”’ﬁd ol eI (LR iSRS e R R

1.2 ol ) BREsHSTRs fitansd offyvashed vithy ) ! THAwnd the Fltrptenprpcipignel imghill qcf)@h%mU
and HBTU (2 mpréa;ﬂtatm%amﬁm cd daPhecthd 8 ericanted THEBdsidua ek drﬁ?é& (452

ng, 1.2 JC5BI’ 6 andHTU( rrg,06
mml ), Fmoc- é’ B OF% 8@51: § E% ”%‘Frﬁ')‘"?d a&ﬂghﬁé'?‘gltnﬁg’é’r The
pepti de r eadé Nﬁﬁmﬁﬁr}'ﬁdlcﬁﬁbﬁ mg of an off-white solid. The crude peptide was sub}ected 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).



t hrough steps 1- 5 of protocol 1 ‘washed with CH2C12 (thrgg tlnggéﬁand
treated with 2 nL 28 February 2005 WO 02/ 18437 PCT/ EPOEF ry val eri.c
anhydride in 6% DI PEA/ CH2CI 2 for 30 minutes. " The resin was filtered and
washed successively with 50 m each of CH2A 2 (two tines), isopropanol,

and CH2C12 (johpgfsti mes). The resin was dried under vacypyfrbfoydss! d 1. 1 g
of Pentyl - hexapeptide resin. The Pentyl - hexapeptide resin was treated with
100 L ethanedithiol, 100 pL 5 dinmethyt®s+ fide,- 240 L anisole, and 10 niL
trifluoroacetic acid at roomtenperature for 180 mn. The resin was
filtered SZAMBLESLg with -2 Ml TFA and the filtrates precipitated in
~chilled ethyl ether. The precipitates were centrifuged and the ether |ayer
decant ed. Piparatios ofl Rentwd AspABBiach-5WO{DID)ALOD) Ph- £ Mpliyesanof Et 20 and
recentrifuged and the crude linear product was dried under vacuumto yield
240 nmg of an off-white solid. The crude peptide was supjected to 10

cydi zation without purification. 240 ng of the cr igear peptides was

di ssolved in 220 mM of DWW, 500 L of N-nethyl was added to have
an apparent pH of 8.0. 280 ng of BOP was 7cyclization was

' ‘tad wWithin 18-24

was evapor at ed
urified by HPLC
This crude cyclic mate | , ‘ LC on a VWydac
Cl8-colum (2.5 x 20 ZE?’S%@ ebut ek t Hl a 4 i nea gradsent of 20-60% B
(buffer A 0.1% TFAI HZO, buffer B: TFAJ Cﬁ) in 90 mn., flowrate 8
m/mn, detection 280 nm The second nfkin peakwwas cut by analytical HPLC
analysis of collected fractions, pg d and Ixéqpilized to yield 20 nmg (5
% of 20 a white, anorphous powdet. This conpound was honogeneous by HPLC.
LR- El ectrospray C52Hr67N1208Br cal: 1068 observed: mz (1069 MtH). 28

Febr uary 2005 Mi2- g lel- 334 1B | bﬁ%ﬁ%ml)‘ﬁjo%ﬁxample 29 were subjected to solid
5 phase synthesis using Protocol 1 described above. All couplings were performed using HBTU in

hours. 10 ml of - mater was adde
in vacuum and the resulting

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-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/CH2Cly 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



EXAMPLE 58 Preparation of Penta-(Asp-Lyss)-Asp-5-C Atc-%%ﬁl;he- Arg
Trp- Lys- NH2 (peak 1) Fnoc-Linker-BHA resin (720 ng, 0.4 ryary 2898 Exanpl e
29 were subjected to solid 5 phase synthesis:using Protocol | described
above. Al couplings were perforned using HBTU in DM as the coupling
agent and DOj,BA equiv.) as base. Six coupling cycles rmed of
one cycle each \}\A&??'n Frmoc-Lys (Boc) (565 ng, 1.2 mol) angﬂ:@%%égz ng, 1.2
mmol ), Fnoc- Trp (520 ng, 1.2 mmol) amd-HBTU (452 ng, 1.2 mmol ), Fnoc Arg
(Pnc) (800 ng, 1.2 mmol) and HBTU (452 ng, 1.2 mmol), Fnoc- (D) Phe (480 ny,
1.2 mmol ) ceehizktipBWes ;osioradby HPLC. Typiaaliyithe cyivationivackc¢bpletedmithitoBo2 4tpuis. 2
- mmol ) and BT bFwA483v43%d 6P MAS : AL and
HBTU (452 ngtP 1.2 nmol )ﬁ(ﬁs pelet}?ag!le:dﬂr’)gsi n vﬁlggag?{é?e}iiléé F%%%%ggteps 1- 5
of pr ot ocHRCHON TEEE sy e%?z‘él’ﬁ-(three tines) and treated with 2 niL
val eric anhydride in 6% DI PEA/ CH2C12 for 30 mnutes. The resin was filtered
and washed sliicesdé sreliomateriadhwipurifie@BrirepdratGePPLE optaWydat GBS folumn (2.5

i sopropan . ] k- ] r.esj ried jer,. vacuum
Lo v o Rbelihd Ak i} SR e s g B0 e RO RS Sl T
was treat @BA&ﬁ?isﬁNl) Gro90shing flhw masel B oibinggh, dete0i@orpd80 nuti. Fhe hrgingreak Wakecut BBEO tt L

ani sol e, @Ryt HBLC drbb A T-ORERY RS R r i n.
The resin S fi%&ﬂere(lajlfyoff, Washedcﬁﬁtk’%o%dsrﬁgﬂ@éA and Of’;klléem?ﬁngr(%%%ss)dg

preci pi t al"BlE pomhops keydst 1Epis cogprund washemogenepys hy ARLC. & Eleetenspiay f uged and
t he et her ClLHya¥%,Gleslh3s dbsetad: mi/eSiloBiemwen, washed 20 with two or three

vol unmes of Et20 and recentrifuged and the crude |inear product was dried
under yacuumto yield 250 ng of an off white solid. The crude peptide was
subjected to cyclization without purification. 250 ng of the crude linear
pepti des was dissolved in 220 ml of DWMF, 500 | 1L of N-nmethyl norpholine
was addedEXeMELES2 5 apparent pH of 8.0. 280 ng of BOP was added and the 25
cyclization was nonitored by HPLC. Typically the cyclization was conpl eted
Wi t hi'n 18Pi2garatden of PeRfi- (AspLys:Ayp-3G0H)-YIBLIM-[Bhé- R THEPRELNGR630 -175 10 m
of water was added to stop the reaction, DV was evaporated in vacuum and
the resulting reaction mxture was purified by HPLC. Thi g, crude cyclic
material was purified by preparative HPLC on a Vydac “colum (2.5

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



x 20 cm) and eluted with a linear gradient of 20-60% B (buffer A 0.1% TFA
| H20, buffer B: 0.1%5 TFAICH3CN) in 90 mn., flow rat &8Feabrdary 2005
detection.280 rim The first main peak was cut by analytical HPLC anal ysis
- of collected fractions, pooled and |yophilized to yield 24 ng (6 % of a
whi te, anor {plgadgsapwder. This conpound was honpgeneous byctRbdtoodi
El ectrospray C52H67N1208Cl cal. 1024 observed: niz (1025 MtH). 10 EXAMPLE
59 Preparation of Penta-(Asp-Lys)- Asp1$~CI At c- (D) Phe-Arg Trp-Lys-NH2 (peak
2) Pnoc- Li nker - HA resin (720 4 mmol ) from Exanpl e 29 were subj ected
to solid ¥ flenstp P zﬁ}lznf é@mmeremne&;emﬁm@lanﬂms@dupl i ngs

equi v. ) réﬁﬁcﬁﬁ‘?‘é‘*“’“&ﬂ@s‘ﬁﬁ&wféﬁ AN AR B A BE A AL wi 1

Froc- Lys @B@tﬁ)‘m@@sémﬁgmdiﬂ@anmmmddd 2|gafwtﬂaaxampud1e rasumml) Fnoc- Trp
(520 ng, 1.2 mmol) and HBTU (452 ng, 1.2 mol), Fnoc-Arg (Pnt) (800 ny,

and TBTU (462" et Riod BRIk B % ™0, 15 %ana HeTu
g- 422 rrg'.iI ﬁmi?emyﬂml@dg BOPEL arisgle, 28d (lﬂ]?ﬂlt)ﬂlﬁ&ﬂ&eﬁ@.ad:]at&; eﬁﬂﬁ‘e HBTM:Gﬂx52| ij-,
rr r :
washed vi Ti° CRB GESHT I Perhed B And (1A g e flespriipiapedin diledi ar 1 ce
in 6% Dl Pahﬁm@mcirpmtesa@ermmmfaged dbid¢her etleeir teyeralecaniddt ahefbsﬂndwma&hm
successi Vgh twé &fth;fégvmmg ?[Igé% b éﬁoanaltl{reé de]m%ar ‘_PP :Td CH2C12

(three tines). The resin vva vacuum |eI

Pentyl - henmteepEImdmtomldriSOiﬁg@fElenfEWhﬁBEo]ide'Kl&pﬂﬂielpi deeﬁds@ubg&sedttﬁeat ed with
100 p th!l di met hyl sul fide, 250 L anisole, 28 February
2005 V\Beogﬁ% gﬁi @é’%%agé%% -176 and 10 nL trifluoroacetic acid at room
tenperature for 180 mn. The resin was filtered off, washed with -2 n

TFA, "and t he 25 mgdthesnpiedioraripeptides wasdishived mazmnlhyf DEFN300 1L B F-methyl

preci pita r r ant resi due
was was hegﬁsﬁhﬂﬁﬁ%wﬁ%g&tth;ée%%go?ﬁgeﬁ%ﬁ gfts%eZaé Ofréej(glgW?sﬁ%ﬂ%aé’g fid t he
crude | i ngFskizafenwaranonitmsedcy HRLG Framcallyaqurchza@wmmmzﬁcednghuf 18524el:murs
of f - whi tems;ﬂl ¢fdvatéf|%sﬁdu&lﬁ: dﬂﬁ%b?&cﬂ@ﬁm/ﬁh&&%& Qraftéalﬁ%éuhéﬁ{lﬂ@%

purifi catl crﬁge I'i near peptl es was di sso
of DMVF® 5t jhea by

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).



mor phol ine was added to have an appar ent pH of 8.0. 280 of BOP was added
and the cyclization was nonitored by HPLC. Typical |y t38ebjeary 2883 on was
conpleted within 18-24 hours. 10 ml of water was added to stop the

reacti on, DVMF was evaporated in vacuum and the resulting 10 reaction

m xture wasmmﬂwd by HPLC. This crude cyclic material pppgpdijgbdsdi €d by
preparative HPLC on a VWdac Cl8-colum (2.5 x 20 cm and eluted with a

l'i near gradient of 20-60% B (buffer A81G. 1% TFA/ H20, buffer B: 0.1%
TFAICH3CN)_ in. 90 min., flowrate 8 m/mn, detection 280 nm The second

mai n peak EGAMBLE 63 by anal ytical HPLC anal ysis of collected fractions,

pool ed and | yophilized to yield 20 ng (4 %o0) 15 of a white, anorphous
powder . THirepacation@fPehtMissp Q?QBMWMAHRmPhMgEE& BEDr ay
C52HS7N12C8Cl cal : 1024 observ mz (1025 M+H) LE 60 Preparation of
Pent a- (Asp- Lys) - Asp-5- MeO- (D, L) At c- (D) Phe-Arg Trp-L
Froc- Li nker-BHA resin (720 ng, 0.4 mol) from
solid phase synthesis using Protocol
performed using HBTU in DM as the c
base. Six coupling cycles were
(Boc) (565 ng, 1.2 nvnol) and

re subjected to
| I couplings were
| PEA (3 equiv.) as

“dach with Pnoc-Lys

c 28 February

ng, 1.2 nmol), Fnoc- Afg N ( d JABTU (452 ny, 1.2
mmol ), Fnoc- (D) Phe (480 rrgc,léj ng, 4.2 mol), -
Frmoc-5-MeO- (D, L)Atc (600 ng 1.2 (452 ng, 0.6 nmol ), Fnoc- Asp
(OBut) (500 ng, 1.2 nmol) and HBTU P ng, 1.2 mmol). The peptide resin
was carried 5 through steps 1- 5 of protocol g~yashed with CHCI 2 (three
times) and tr ateﬂ é\gth 2 nL  valeric anhydride in 6% DI PEA/ CH2Cl 2 for 30
m nutes. The I@%‘?‘ BHA resle @Y mad 4manb fromdiranple2d werasubjested ®Gokd  each of

CH2C12 A t phask syimisedis usxﬁg)woaﬁamiescribwam Cnlﬂ?coﬁ g6 %extel peESoned ulit@ HHA%I i Was
TR VT TS AE R L i Yo
di met hyl seh¢ ¢vdle eaChﬁﬁthM_mmYs (Bee) (56h (hg;I.DZ nimcﬂ)ranﬂ HBIDQGR hige 1.2 &indlol § Froe-om
tenper at ufrgy {596 mk802 Minfbl) and HBTU (452 mg, 1.2 mmol), Fmoc-Arg (Pme) (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).

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



The resin was filtered off, washed with -2 m TFA and t fiItr%es
precipitated in chilled ethyl ether. The precipitates A 2905 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
vacuum t o yixe) @889 ng of an off-white solid. The crude pepkbdRBoMHS
subjected to 15 cyclization without purification. 250 ng of the crude

| i near peptides was dissolved in 220-a$2-0of DVF, 500 L of N-nmethyl

nmor phol i ne s,added to have an apparent pH of 8.0. 280 of BOP was added
and the cYEIAEoRYas Fogitered bR FRSE WE@*@?@W&N@P&%&F‘@W 18 2 haoms. was
conpl et ed 10irillvf WatkBwadbdi@lioStop tHedbiioR DMBLAS evifbtatBdiSM clifn, 3h@ e b iiBitin
reaction, DA yas eva Or%};{%b‘ %#gcuum and the resulting 20 reacti o%

m xture was pu’ﬁ“f’?t'ér&“%f/l’ PS8 crude cyclic material was purified by
preparative HPLC on a VWdac Cl18-colum (2.5 x 20 cn) and eluted with a

| i near gradi edhisegfude opcBootaRriglyms parificd by Prepataiire A Don ifdaeClB:colomh 3.5

TFAlI CH3EN)x 401 i : 1o, (.o, ' .maLn peak
was cut bmﬁ@?%}ﬁ‘ﬁfd Aot G RBdRaP O SELEE AP0 PEAELD bl B

| yophi | i z N0 98 minyflqwrgieghmijping deteation A8 wn. ThesnaimBerk WooeWbY . Thi s
conpound mﬁﬂwmmmisbycdﬂ%@ﬁdeﬁoﬁl%ﬂeﬁ%@g@ ﬁ%ﬁgﬂﬁ@@% (@59 ofL19
observed: %éagnlogé*p 2 .Februar}i 2005 WO 02 %8 gﬁ _ItEgP 1109630 - 178
EXAVMPLE 61 Preparatl i R"% TPAHT SRR MPE omggsnepus L HOPEHRe- Ar g

Tr p- Lys- NHR2:HenhdieOd caln k@03-dBbédvademizn(100204+H), 0.4 nmol ) from Exanple 29 were
subjected to solid 5 phase synthesis using Protocol 1 described above. All
coupl i Rgs were perfornmed using HBTU in DM as the coupling agent and DI PEA
(3 equiv.) as base. Six coupling cycles were perforned of one cycle each
W th Fnoc- oc) (565 nmg, 1.2 mml) and HBTU (452 ng, 1.2 mmol), Pnoc-
Trp (520 r@é@—%‘ml) and HBTU (452 ng, 1.2 mol ), Froc-Arg (Pnt) (800 ng,
1.2 mol) and HBTU (452 ng, 1.2 nmol), Fnoc-(D)Phe (480 ng, 1.2 mol) and
HBTU ‘( 452 Pueparatiof ofiRentarfAsp; Lybadsp- SES{IELIAR-(1))Rhe- Af$ T6H-bg-NHZ ol ) and HBTU
(452 ng, 0.6 mmol ), Fnoc-Asp (OBut) (500 ng, 1.2 mmol) and HBTU (452 ng,
1.2 mol). The peptide resin was carried 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



t hrough steps 1- 5 of protocol 1, washed with CH2Cl2 (thr ti and
treated with 2 nL valeric anhydride in 6% DI PEA/ CH2C fréf"cﬁﬁ%r nﬁﬁﬁﬂes. 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 vacuupg@aysel d 1.3 g of Pentyl -hexapeptide resin. pFR8potn9630

Pent yl - hexapeptide resin was treated with 100 i.L ethanedithiol, 100 pL

di met hyl sul fide, 250 pL anisole, and-1&-nL tri.fl uoroacetic acid at room

tenperature for 180 nmn. The resin was filtered off, washed with -2-m TFA
and the fiSRecesively withSe mdiepchraf FH26T0d tinaes), dvopyopanadiand CHAME(toreting).t at es

‘were cent r : ) .esi due was washed 20
with two (;Frﬂe?%rﬁg‘gévoe%ﬂg%&%ﬁéggﬁrg 1? %n%&%ﬁ%&%’éﬁe& e‘g]ﬂ'e crude linear

product was dried wunder vacuumto yield 260 ng of an off-white solid. The
crude pept i de ThaBensyltijesaneptidetresin wysdtented with A00MT: ¢taredithiok 10008t i on. 260 ng of

the crude 4] [ ides was di.ssolved in 220 of DMF, 500 of N-net hyl
nor phol i néjkﬁiwéz}gﬁé“&%%gﬁ@&h%@ﬁ@%%ﬁ°f6ﬁ33? acg B rooya frpyg e%ﬁ]&%&g‘- added
and t hes 28heedsinuens fli200 bIWRsBRIMIBA-VmPITR dmid@hd AR6:30predigitatedia l:ﬂllweﬂ?[] was
nmoni t or ed | ' .zati on was C lL.eted. Wi t hin -24
hours. 18%’%&% raasg?eg%ﬁét%ﬁlgggﬁdope %Tapr grach:eﬁng%) SREEVEIEES at ed i n
vacuum aidthitie of Beg volusees of BiaBrand receritsifugedmnddles qrade linemprbductRisdriedhi s
crude cyclj [ Al rifie pr atiye HPLC on dac

C18- col urmlu'n &‘T‘T’E‘E‘ﬁ’@ﬁ"”%@%ﬁ ‘r’\‘éf“‘éﬁ%a‘i%é‘ﬁ s%?ﬁﬁ%“i“%(er?eeag&“g‘?’%sd@ﬁi\‘%é? 20- 60% B
(buf f er Acydizativnwihoppirifisatidner B: 0. 1% TFAICH3CN) in 90 nin., flow rate 8
mlmn, detection 280 nm The main peak was cut by analytical HPLC

anal ysis of celd - | . hir |} i 13
5 o i s Db A AR RS BB AR ot B S F Ny
LR- El ect r 8%pphpline wayidied Wilp@oanapparediBBofdis e 280mlg of BQP (vaOaldeddntiyhe 10
EXAVPLE 6 en; - - Asnc-B- | -.(D),Rhe- A
Trp-Lys- N ‘ﬁfgﬂ%f“?% bﬁﬁlﬁﬁ‘?m@( Bl R i PhuplRidh i MO0
subj ect ed obyater vias g %S@Qmﬁwgﬂ:%‘gaspw% ml’é‘@@%ﬂ#ﬁ@ﬁﬂ’é@ﬂ&. All
coupl i ngs reaetian pixtire wagshrified b HEBTU i n '

15 This crude cyclic material was purified by preparative HPLC on a Vydac CI8-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%
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  CssH»N;20; cal: 1017 observed: m/fz (1018 M+H). o S



'WDNF”aé t he cddpling agent and DHbEA (3 equiv.) as base. .S 'édh j g cjéfes'
2EdsbriRy 545"

were perfornmed of one cycle each with Fnoc-Lys (Boc) 4 nmol )
and HBTU (452 ng, 1.2 mol), Fnoc- Trp (520 nmg, 1.2 nmmol) and HBTU (452 ny,
1.2 anxnol), Froc-Arg (Pnt) (800 ng, 1.2 mmol) and HBTU (452 ng, 1.2
mol ), Frocwhlgkihae; (480 nig, 1.2 mol ) and HBTU (452 nu, pecBrrResddsol ).
Frmoc-5-1PrO- (D, L)Atc (620 ng 1.2 nmol) and HBTU (452 ng, 0.6 mol),

Froc- Asp (OBut) (500 ng, 1.2 nmol) ard-HBTU (:452 ng, 1.2 nmol). The
peptide resin was carried through steps 1- 5 of protocol 1, washed with
CH2C12 (t BEAMBLEASS) and treated with 2 mL 28 February 2005 WO 02/ 18437

PCT/ EPOL/ 09630 - 180 wvaleric anhydride in 6% DI PEAI CH2Cl 2 for 30 m nutes.

The resi n Pe@ratioh bEPth-00g-IHE)SAPB-iPS DI S&R L (VSPNe- M d TrpAYsH . cach of CH2CL2
(two tines), isopropanol, and 2C12 (three tines). The resin was dried
under vacuumto yield 1.2 g of Pentyl-hexapeptide resin, The

Pent yl - hexapeptide resin was treated with 100 pL etharmedithiol, 100 pL 5
di met hyl sul fide, 250 pL anisole, and 10 nL trifltudroacetiy acid at room
tenperature for 180 min. The resin was fi
and the filtrates precipitated in chi

were centrifuged and the ether v
two or three volunes of Et20 g
was dried wunder vacuumto yig yanjlof ffwhitd sqlid. The crude
pepti de was subjected t t Foutn —Ncali on. 250 ng of the
crude |linear peptides was ssdl v 2 ~ of , 590 gL of N-nethyl
nor phol i ne was added to have an appg t pH off 8.0. 280 ng of BOP was added
and the cyclization was nonitored Ry IHPLC. T%ELFaIIy the cyclization was
conpleted within 18-24 hours. 10 [m “of water nadded to stop the
reacti on, DMF was evaporated in vacuum and the resulting 15 reaction

m xture was purified by HPLC. This crude cyclic nmaterial was purified by
prepar ati ve HPu@-Bnke-BHAl ssinCIB) mg04mmol) ffom Rxadtple?s) warashbiskcted exckolid t h a

| i near Qgr ggli . = 5819 ( ) - A f : Yo .
e %%gq%f%’?v°lr1?i%&‘§£dn@?ﬁgi&ﬁf 8“&5#55’%?%&%‘%%&“?%@%% peak
was cut biMEgsshgsoppling agmtand REEABqwr.) avhdase ciis govpling eviclswere perbirmed e d
l'yophi |'i zefle dyfle ¥icBnithTFBad¥Lyk (e )P569 gl 2Rm¥d]) 41 HBTO(RNAHS 1RIMHE, Fmbll S

compound yas HPTRICNEOUR 24 tit st e SSicds B, Arg (Pme) (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}

.(The precipitates
d. The i due was washed wth
ed an ude |inear product

>

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



C55H74N1209 cal : 1047 observed: rﬂz (1048 M+H). 28 February 2005 WO

02/ 18437 -181 EXAMPLE 63 PCT/ EP01109630 Preparati on of 28 February 2005

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 ¢sygthesis using Protocol 1 described abovePC borfosep! 1 ngs

were performed using HBTU in DM as the coupling agent DI PEA (3
equiv.) as base. Six coupl i ng cycl es-¥&r-e perforned of one cycle each with
Frnoc-Lys (Bqc), (565 m<no| and HBTU (452 nmg, 1.2 mmol), Fnmoc- Trp
(520 . Triohee mngitemstoy FNES. plealy the sadiafion maciomimleiedg RS 15 B0y, & 2

{3%?-8' %45gnﬁnﬂﬂfr1whtel45aaﬁ%d&sepm@cﬁf?r%f%v?&%%ﬂ&ﬁo vﬁ?mgﬂ,aﬂdml) smd 4
Z D = - , {cC ng . o an

(452 ny, 6‘% n“’%“’gl‘—’@ “‘%%Ed%’%gt) (500 ng, 1.2 mol) and HBTU (452 ny,

1.2 mol ). The peptide resin was carried through steps 1- 5 of protocol 1,

washed wit h CHiicande exchiemateriphvey pamiipdby prepedtivi ALOom Vydag Cé$-celumnii8r i de

in 6% D) PEAO &% Qi@elﬁ@&w%@a%@&ﬂfi;ﬁ‘a&enﬁmofsﬁ%'ﬂ‘ b‘ﬁ‘ﬁ%r&'O'lb/@fﬁdQH?@q)u‘fﬁsﬁ’%‘i%

successi v th 50 g2 | nes), isopropanol, and CH2C12
(three ti ﬁé‘gﬁéﬂ ﬂ@mi’%gff Tingdelortien %%fﬂtﬁetn@l%/ Wasicupbyy  of
Pent yl - hezwqhmahmamlm;soﬂ'&aﬂed?@iﬁaﬁhoda cpoafed phd Hephitisdd fo Yidld 58 igdi2%m) wfd h 100

pL et hane h f de 0 ani so

trifluor ogo?:]}et%] 05%}[0031 gé’ F 00 ?nb?g igv(a sghqm?geg%wheﬁPfﬁ%%}re&?er%s
filtered 633511,741%4@&‘@1110% hbseaemﬂ'ﬁmﬁ'ahﬁ’rﬂhe filtrates precipitated in
chilled ethyl ether. The precipitates were centrifuged and the ether |ayer
decant @d. The residue was washed 20 with two or three volunes of Et20 and
recentrifuged and the crude linear product was dried under vacuumto yield
260 ng of zan ite solid. The crude peptide was subjected to
cyclizati%ﬁ? purification. 260 ng of the crude |inear peptides was
di ssolved in 220 mM_of DWF, 500 pL of N-nmethyl 25 norpholine was added to
have an aPisarefien piPesta-(Asp-LysishspryBulic-J0Phevit- Bpelan Nifupeakid) 28 Febr uar y
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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 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-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. |



WD 02/ 18437 PCT/ EPO1/ 09630 - 182 cyclization was nonitored by HPLC.

Typically the cyclization was conpleted w thin 18-24 h@8Ffebruarp2g95 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

mat eri al wagoRehsht ed by preparative HPLC on a Vydac Cl8p&pkphiiiess- 2 5 X
20 cnm) and eluted with a |inear gradient of 20-60%B (buffer A 0.1%

- TFA/ H2O, buffer B. 0.10/0 TFA/ CH3CN)18R 90 m-n., flowrate 8 m/mn,

detection 280 nm The main peak was cut by anal yt| cal HPLC anal ysis of
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(520 ng, tydzatiopwithampuHB®EtotA52 ng, 1.2 nmol), Fnoc-Arg (Pnt) (800 ng, 1.2
mmol ) and HBTU (452 ng, 1.2 rrm)l), Froc- (D) Phe (480 ng, 1.2 mnol) and HBTU

452 , 1.2 D, L) At HB 452
o, 0.6 znmol 10 ek hecr Uit i qenton? igivddis ol e v Rk omef (172
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of CH2C Zn(a&mmjxfm&)mpu%ga{mm_ and CH202 (three tines).

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%
15 TFA/CHsCN} in 90 min., flow rate 8 ml/min, detection 280 nm. The first main peak was cut by
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



The resin was dried under vacuumto yield 1.3 g of Pentyl-hexapeptide
resin. The Pentyl -hexapeptide resin was treated w th 1G8 fabreari2ae&i t hi 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 ¥Reodigdstrates precipitated in chilled ethyl eEf@be10d36
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’ 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).



10 mmol ), Fnoc-5-iPr-(DL)Atc (600 ng 1.2 mol ) and HBT 6 nnDI)
Fnoc- Asp (OBut) (500 ng, 1.2 mmel) and HBTU (452 ny, %8%%??20%
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! CH2CA % d @f18439 m nutes. The resin was filtered and pgsBREmes3o
successively with 50 nnl each of CH2C12 (two tinmes), isopropanol, and CH2Cl2
(three tines). 15 The resin was drieWB8under vacuumto yield 1.2 g of

Pent yl - hexapeptide resin. The Pentyl -hexapeptide resin was treated with 100
pL ethaneéﬁé@ﬂ@@mmloo pL dinmethylsulfide, 250 L anisole, and 10 niL
trifluoroacetic acid at roomtenperature for 180 mn. The resin was
filtered cmpammroenlenﬁ-mp}zrsmspmg)yphadﬂirpugﬁngp@&i19)i tated in
chilled ethyl ether. The precipitates were centrifuged and the ether |ayer
decanted. The residue was washed 20 with two or three vol

recentrifuged and the crude I|i undgr vacuumto yield
245 nmg of an off-white solid. cted to
cyclization without purificatjon. “ifhear peptides was

di ssolved in 220 ml of DMF, 5p0 L of N i'me was added to have
an apparent pH of 8.0. 280 npjof BOg 8 February 2005 WD
02/ 18437 PCT/ EPO1/ 09630 - 185 [ [ MPLC. Typically

t he cyclization was caoqnpletgd g of water was
added to stop the redction in vacuunl and the resulting
reaction m xture was purifPed by Thi s de cyclic material was
purified by preparative HPLC on c C18- cgéy?n (2.5 5 x 20 cnm) and
eluted with a linear gradient of 20-60%B (buf A: 0.1% TFA/ H20, buffer

B: 0.1% TFA/CH3CN) in 90 min., flowrate 8 m/mn, detection 280 nr The

and 1y %hgf %"%‘%%&iﬁ%ﬁ ﬁ?ﬁﬁ‘vﬁ?@&'zﬁﬁ‘%%ﬁeﬂbg eé‘%%%" & s
gggg?\lj ed. DMRas(tﬁ@&% plidigHzenthdd BME: ﬁi@%; Rﬂ%;’grsﬁ doRpligyf cycles were performed lc!)}f() o
Pent a- (As lea‘ })e eé:i%vlél lﬁngétfy’s ?}Q? ﬂk%s mg, 1 I nﬁuollyand%ﬁ Pf’:g mg, l 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),

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

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.



Frnoc- Li nker-BHA resin (720 ng, 0.4 mmol) from Exanpl e §§éyﬁfe sga'ected to
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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 CH2Cl2 (three times). The resin was

dried under vacuum to yield 1.2 g of Pentyl-hexapeptide resin.




anal yti cal HPLC analysis of collected fractions, pooled and I yoghi lized to
yield 24 ng (5,6 %9 of a white, anorphous powder. Thi <8 0
honbgeneous by HPLC. LR-El ectrospray C52H66Nx1O9Br cal: 1069 observed: mnlz
(1070 M+rH). 20 EXAMPLE 67 Preparati-on of Penta-(Asp-Lys)-Asp-5-BrAtc

(D) Phe-Cit ‘WoRoAssr NH2 (peak 2) Fnoc-Linker-BHA resin (738r@Byobks¢ ol )
from Exanpl e 29 were subjected to solid phase synthesis using Protocol |

descri bed above. Al couplings were p¥¥formed -using HBTU in 28 February
2005 WO 02/ 18437 PCTI EPOL1/ 09630 -187 DMP as the coupling agent and DI PEA (3
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chilled e r eci pi tat es e centrifuged and the et her | ayer
decant ed. 5% fr‘%??rdﬁ‘é %&gt I?SDWPW‘WS ePOTtRAdR vaFy ¢ respltieg and
recentri f@mmhwammﬂaﬂbymﬁm product was dried wunder vacuumto yield
240 mg of an off-white solid. The crude peptide was subjected to
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of a white, amorphous powder. This compound was homogeneous by HPLC. LR-Electrospray
Cs2HgsN1309Cl cal: 1024 observed: m/z (1025 M+H).

20 EXAMPLE 70

Preparation of Ac-Nle-cyclo(Cys-Cys)-Cys-(D,L)Atc-(D)Phe-Arg-Trp-Cys-NH,

NﬁN/N
PR

~t

w

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 nl of water was added to stop the reaction, DVMF was evaporated in
vacuum and the resulting reaction mxture was purifi &8 fifgbryqpy 2005hi 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 Gol@sdhN H20, buffer B: 01% 25 TFA/ CH3CN) in 9Brabdleesfh! OW rate
8 mM/mn, detection 280 nm The second nmain peak was cut Ey anal yti cal
HPLC anal ysis of collected fractions;1gicol ed and | yophilized to yield 22 ng
(4.8 %9 of a white, anorphous powder. This conpound was honpbgeneous by
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dried under vacuumto yield 1.2 g of Pentyl -hexapeptide resin. The

Pent yl - hexape'ﬂlelﬁtefﬂb@ltwmaéeltesma\taeﬁemdmm mlet}mhhhﬂml; mhjpbl , 100 L

room

di met hyl syl f ni.s dlom_trLf oroacetic acid_ at

t enper at ugiéneplggh@&%bﬁf ﬁ‘ﬁ %}ﬁ@“ﬁf?q‘:ﬁ% abfqom (Gpriprefor 80 mingg  TRA
and t he fTheuesit was filteeai gff, waihedl with ~thﬂ|’ﬂFadaxﬁlttB¢/ﬁ1u-aﬁE Bﬁl‘n 1t£ih&ml%ﬂ% Bhjiat es

x[ ﬁ fv%vgt %ﬂﬁér? %‘?g géglgit&tgsewe?e <f'en E—tll-JE eece Ta{%aaéx& N e ‘?:W%f\ad%s n eg?
product wiith Byq @ghree volumes of Et0 and recentnfuged 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).



under vacuumto yield 245 ng of an off-white solid. The crude peptide was
subjected to cyclization wi thout purification. 245 ng2§fFele@%? | i near
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 onyw@as @i tored by HPLC. Typically the cyclizapbpRpM@ssssonp! et ed
within 18-24 hours. 28 February 2005 WO 02/ 18437 PCTI EPOL109630 -189 10
m ofwater was added to stop the react®on, DVF was evaporated in vacuum
and the rm reaction mxture was purified by HPLC. This crude cyclic
mat eri al +i ed 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: 0.1% TPAI H20Q,
buf f er B: P@paratigbolHeataciydodysiGys)90ysri-Br(D,L) Adcd i) Pleet £rgSTrplCyeiNH, det ection 280
nm The first main peak was cut by analytical HPLC anal ysis of col-lected
fractions, pooled and |yophilizeg—to-yiod 22 ng (5.8 %9 of  a white,
anor phous powder. This conpound/was honbgeneous by HPLC. LR-El ectrospray
C52HesN1109C1 cal : 1024 observgd: mz (10 M-H) . 4 PLE 69 Preparation

of Pent a- ( Asp- Lys) - Asp- 5- Cl At ¢/ (D) Phe-Ci - Lys- NN2=( pegk 2)

Frnoc- Li nker-BHA resin (720 0.4 mol, no Exangl e i2Y\were subjected to
solid phase synthesi.s usi : degcrli beo Al'l couplings were
per f ormed usi ng HBTW 1l 38! NWQM A PINPEA (3 equi v.)
as base. Six coupling cyd es werd rforfed- ong gl each with

3. HBTU (452 mgP 1.2 mmol), Fnoc- Trp
Froc-Cit (480 ng, 1.2 mol)

Frnoc-Lys (Boc) (565 ng, 1.2 mmol)
(520 ng, 1.2 mmol) and HBTU (452 )N
and HBTU (452 nag, 1.2 mol ), F&f D) Phe (4%,5\@, 1.2 mol ) and HBTU (452
ng, 1.2 mmol), Fnoc-5-Cl-(D,L)Atc (560 ng 1.2 nmmol) and HBTU (452 ng, 0.6
mol ), Fnoc-Asp (CBut)B 20 (500 nmg, 1.2 mmol) and HBTU (452 ng, 1.2 nmol).
The peptide rEgerukes %W@d@%%u@-ﬁ munplg feom Exgnplé 29 msteonibjecttd toadived

With ChR2GiHRasd .sryﬂmeﬁ sinFEEtoand descBiBEhovd. tAL c%ugihl 2 Vel effor@éahﬁéﬂlr Iy i, 6%
Dl PEA/ CH2 r, 30 m nut Blﬁ%egy n, s filtered shed™successi vel y
Wi th 50 R i PLEALG eativd ghasty sp co avﬁ@mre(ae@wd
times). Tﬁ@mesglmeaﬁhmﬂﬂmmdcmm (7HCHEM.2 enydl)ehwll HBZUN(464 mg, 1.2 mmol),
Pentyl - hq}?ﬁ‘@@ﬁtp' (gﬁ) 105515 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



28 Febr uary 2005 WO 02/ 18437 PCTI EP01109630 - 190 The Pentyl - hexapepti de
resin was treated with 100 pL ethaneditbiol, 100 L di n@lsr%ﬁ beyary 8% 250 pL
ani sole, and 10 nL trifluoroacetic acid at roomtenperature for 180 mn.
The resin was filtered off, washed wth -2 ml TFA and the filtrates
preci pitategyg@ngnr!led ethyl ether. The precipitates WpeErpfiibds f uged and
the ether | ayer decanted. The residue was washed 5 with two or three
vol unes of Et 20 and recentrifuged andl®he crude |inear product was dried
under vacuu eld 250 ng of an off-white solid,. The crude peptide was
subj ect ed %’rp 1G apalysis Wqﬂn@tdfre}m@ms peckad and Iyopliizadyo gfeld Wangofpuefiedi near
pepti des vh&a:qbepﬁdﬂved in 220 M of DVF, 500 V L of N-nethyl norpholine
was added to have an apparent pH of 8.0. 280 ng of BOP was added and the i0

o Chi n 18 04" T PR Hh8 pet e ar s bR £ el of TMEs Gl M0 BRI v
evapor at eM@%YM’Wﬂ@MMP@M@B@W O.aas buldhedintotthe sohwims apdithief | ed by
HPLC. Thi
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B (buf fer “ o e Oﬂééﬂedcmﬁﬂ&mﬂen%d@%@ém%@@@@ iwas 9bjeatedito, f 1 ow
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( 2025 MrHpook % %ﬁfﬁkggg# %@%&f##&ocel EQFPRIEA Pisi n (720

ed
(QIS Cys) - QIS (D, Atc-
mg, 0.4 nASPesTen tHSt- & 2@6%?1@*1}5@43]1 1:865:tF0 C@lbl%’ﬂobqghaé:enlsylmdﬂey S

using Pr otMGH) 1 described above. couplings were performed using HBTU
in 28 February 2005 WO 02/ 18437 PCT/.EPOl/ 09630 - -191 DMF as the coupling
agent and DI PEA (3 equiv.) as base. Seven coupling cycles were perforned

EXAMPLE 72

15 Preparation of Penta-cyclo(Asp-Lys)-Asp-Appc-(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
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 - |



of one cycle each with Fnoc-Cys (Trt) (710 ng, 1.2 mmol) and HBTU (452 ny,
1.2 mol), Fnoc-Trp (520 ng, 1.2 nmml) and HBTU (452 &§ Febroarygeds
Froc-Arg (Pnt) (800 ng, 1.2 mmol) and HBTU (452 ngy, 1.2 mol), Fnoc- (D) Phe
(480 ng, 1.2 mmol ) and HBTU (452 ng, 5 1.2 mml ), Fnoc-(D,L)Atc (550 ng 1.2

1) and , 0.6 mol), F Trt) (710 gyol) and
Eé?u)(i[-!z Hﬁ(wleéw ol . Froc. N 2a(43(ramfrgq/152 §m£|§ (rd En%‘ilf};"?ﬁ? )%

nmo) . The peptide reS| n was carried tigeugh steps 1'- ~ of protocol 1,
washed with CH202 (three tinmes) and treated with 1 nL acetic anhydride in
6% DI PEASGHpTItocol brwaggdmitniRall> (Fhse times) andvaisatddiwithe} il valerit anbighide in

_successi v 1 CH202 tiJres I.SO

G005 mEtPHEAICRACH, o A ikt e geiaes i) MR shSERURERR S0 T o
Ac- Hept apepth df €263 (two Tives) As@irypanblepidsCH (thee timed) Theaesid wadiiedluidesh 100
L et hanedi_t hi ol sul fide, 250 pL anisole, and 10 nL
trlfluorog%GF?%fQH%P%%ng%%E%g%Bﬁ%@ﬁ#@nf 180 min. The resin was
filtered off, washed with -2 m TFA, and the filtrates precipitated in

chill ecs et hyl mépmﬁmmpwepm@iﬁeahmmmmme&mﬁm@nd t he et her
| ayer decauptg g&‘g resi due was washed with two or threa vol umes of Et20
oy

and recen O eanisplecpnd 10 gl driflynrerseiéqacisas rapm tempeiaheior 18aviom t o
%I el d 2401&9@&@33&%&%%3@%%2ﬁﬂrmﬁamw Oéaﬁﬁﬁd'xﬂaén]‘i{ﬁtﬂagp“ Ilh ed
y prepara Qn a calu c and el uted wi a
| i near gr 5&1"% C@Fe‘:ﬁﬁta%’ﬁm Cﬂfﬂgﬂ‘éir th‘g&l@faﬁfﬁﬁfﬁd Eg;;eg‘dugmasgz

TFAI CH3CNwithrtw8 Or thirée.volufhes Wf EQQO@nd redirtiifufed 264 tiecindeling3 Grotict was ried | n peak
was cut b anal ytical HPLC anal ysi s of collected fractions, pooled and

| yophi 19 z88dFF2gua) i@ viskd 245 mag ofap offrwhitg solid; Heegrudsaspiideavas wwhiectsdite fi ed | i near
pept i de wegcliditivf @lithek puifitatiin, of DVSO, diluted with 500 m of water and
the pH was adjusted to pH 8.0 with NHAOH 02 was bubbled into the sol ution

RS L e SO o e L
mat eri al diceplallivie dras ﬂd&‘ﬁmﬁxﬁd’pﬁ E&ﬂ%i(BCR&ﬂnQQfB(FFﬁml’ddéda‘ﬂ&tﬂdPLC on a

& (hut f or TSyt apltpsdo TR G Rl e ﬂ%ﬁ%‘%@@%ﬁ@% HoBly 1 aro

8 ni / nin, 10 gdpkwateores z@edrtorstorrﬂs rengtion, PbElcwasasapotatédtisy vaonahy ¢riddhe rebilting

anal ysi s efacd] hBatredad el 8PFp180 Pool ed and |yophilized to yield 20 ng
(5.0 %9 of purified cyclic peptide. This conpound was honobgeneous by HPLC.

LR E,l ectrospr Titis g{ GM Elgt%gazl w%sa ;lmnﬁl 8 %}9 pr%gasrgtiv\é?-&l.cngnza \gy:l&lgc4 818 commn (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 homogeneous by HPLC. LR-Electrospray:
Cs3H7)N130; cal: 1018 observed: m/z (1019 M+H).

25



28 February 2005 WD 02/18437 PCT/ EP01/ 09630 - 192 EXAMPLE 71 Preparation
of Pent a- cyceo( Cys- Oys) - Cys- S Br (D, 7[ . ) At c- ( D) Phe- Ar g- T2§-Fejpauary005
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
wer e perforggd,sing HBTU in DMF as the coupling agent apgrfdoDhuso 3 equiv.)
as base. Seven coupling cycles were perfornmed of one cycle each with
Fnoc-Cys (Trt) (710 ng, 1.2 mol) and9o$BTU (452 ng, 1.2 mol ), Fnoc-Trp
(520 nmg, 1.2 mmol) and HBTU (452 ng, 1.2 mol), Fnoc-Arg (Pnct) (800 ng, 1.2
mol ) andEXEMBIEZY? ngy, 1.2 nmol ), Pnoc-(D)Phe (480 ng, 1.2 mmol) and HBTU
(452 ng, 10 1.2 mmol ), Fnoc-S-BrAtc (620 ng 1.2 mmol ) and HBTU (452 ng, 0.6
Mol ), FrpgpiiSod diPlehta-cdydid Qi spTys)IAsp-20MeAppAES PhIBAL:- T4 8y s 00, 1. 2 ol ). The
peptide resin was carriéed through "“steps % - 5 of protocol 1, washed with
CH2Cl 2 (three tines) and treated with 1 nL valeric anpydride in 6%

DI PEA/ CH2CI 2 for 30 mnutes. The resin was filtere washed successively

with 50 m each of CH2CI2 (two tines), i and. \CH2C12 (three
times). The resin was 15 dried under vac i of
Ac- Hept apepti de resin. The pent i . treated with 100 pL

et hanedi t hi ol , 100 pL di net hyl f i ahd 10 nL
trifluoroacetic acid at room Nrgl he resin was
filtered off, washed with - ecipitated in
chilled ethyl ether.w#hé“@;ecgp' BN WiT e TcemeT ﬁedoand the ether |ayer
decanted. The residue was shed i t hOt wo~or t®ree vol unmes of Et20 and
recentrifuged and the crude |inear™yfoduct wa Ndried under vacuumto yield
240 nmg of an off-white solid. This_&rude |inealff peptide was purified by
prepar#.tive HPLC on a Vydac C18-q m (2.5 0 cm) and eluted with a

| i near gradient of 20-60% B (buffersA: 0.1% TFA/ H2O, buffer B: 0.1%
TFAICH3CN) in 90 min., flowrate 8 m/mn, detection 280 nm The nain peak

was cut by 28&npfehtmar Br20lsn ( %n%bk%ﬂ;ﬂl) BSE(&EQ%%%& subjeted 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), Pmoc-
Trp (520 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Pmoc-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



anal ytical HPLC analysis of collected fractions, pooled and |yophilized to
yield 50 ng of purified |inear peptide. The purified I28iehruanepdlcde 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 onywyasgeni tored by HPLC. Typically the cyclizapipRpiassssonpl et ed
wthin 24-48 hours. The solution was |yophilized and the materi al

di ssol ved in CH3COOH and rss subjectdd6to preparative HPLC on a Vydac
Cl8-colum (2.5 x 20 cnm) and eluted with a |inear gradient of 20- 60% B
(buf fer AcYckationywaspponitnred by HEIS. Tgpicaly thegy digation mserymplated withiny1$-24 hotitsow

rate 8 nl 10¥alof wableWwaSidded t2REh B teadit), DRIFRvaRl 8RIsoMR ifs Wcultd, AAdhylebfidls HPLC
anal ysis of coll.ected fragtj.o 0 pooled and”| yophilized to yield fz ny
(5.2 % o%ea%’ﬁPﬂﬁ“é‘EF‘ﬁ%?a“f@edp‘ggﬁ? This conpound was hompgeneous by HPLC.
LR-El ectrospray C48H60Nr 107S2 Br cal: 1047 observed: mz (1048 MtH).
EXAVPLE 72 15 heraypdercucliconaterfal mmiﬁcd'b;tmemvbmﬁ\mmq@m @5y
Trp-Lys- e eludaainBhHs j . o . wer e
subj ect§ eyﬁh 0_sol fllélu hase sfﬁ%@f%?ﬁ%%Eﬁﬁﬂé'%ﬁﬁscr%%g.gﬁ%?bégé Al l
coupl i ngst PE‘E%@%‘B%‘&-’ flav rge $prtioninysletegtigm 249 ook She waiminerlgwasguty and DI PEA
(3" equi vanhlyical HRSE ansdysis SFOSIRLie Baitib, ﬁoimw@hﬁ]ﬁémgnm 6128z Pi3®sYofe! ©
each vvithwlz.ég?%L ﬁ'%Bfg‘jk( Sn&péé%v%%gl) and HB iﬁ%ﬁZml),
Froc- Trp ]ll 2?5“?%’,0 Ly H‘Ffolsl)ﬁb“afﬁ p ¥ hgprogeneos by ;:]‘ 3 SIRFY (Prr)
(800 ny, seidsNyOk Fal: 1982 obiBTHdd( #E2(10B3M4HY2 mmol ), Pnoc- (D) Phe (480 ngy, 1.2
mml ) and HBTU (452 ng, 1.2 mol), Fnoc-Appc (550ng 1.2 nmol) and HBTU
(452 ng, 0.6 mmol ), Froc-Asp (OBut) (500 ng, 1.2 nunol) and HBTU (452 ny,
1.2 mol ). The peptide resin was carried through steps 1 28 February 2005
WO 02/ 18%&0/09630 -194 5 of protocol 1, washed with CH2CI 2 (three
times) a with 2 nL valeric anhydride in 6% Dl PEAI CH2C12 for 30
m nutes. The resin was filtered and washed successively with 50 Ml each of

CH2Cl .2 ( tRaepardtivagf Peits-opda(dapmbys)-rapd-iCd@L-2D]Rie- org-Trpilgs NH, The resin was
dried under vacuumto yield 1.2 g of Pentyl-hexapeptide resin. 5 The
Pent yl - hexapeptide resin was treated with 100 tL et hanedithiol,.100 pL

N g [
N i N N N
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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,



di met hyl sul fide, 250 pL anisole, and 10 niL trifluoroacetic acid at room
tenperature for 180 mn. The resin was filtered of f, Widtekiuay 28052 ni 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 thregowhsses of Et 20 and recentrifuged and the cpggepdiiot@ar product
was dried 10 under vacuumto yield 245 ng of an-off-white solid. The crude
pepti de was subjected to cyclizationl9i-t hout -purification. 245 ng of the
crude |inear peptides was dissolved in 220 m of DAP, 500 [LL of N-nethyl
~ mor phol i ne wag heRrigd-hexn thrmmmaut@mﬂpwmﬂﬁh&edﬂﬂﬁl,l@uﬁ BOP was added
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reaction, ThiFesinams Eltepd ofitveshddwithacunl TFAaIR thd RitriRSpHetipitged ih chilléd @Rym xt ur e
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| i near §r a*ﬂihém Obiﬂ:rezo'o}mw Bf Etm@ famérecemmfogeﬂ%ﬂlﬂm driad® hnbmfmatucewaﬁﬁb%

TPAI CH3CN),,, tion,280 he mai n peak
was cut by V%%e@ﬁ (ﬁ% ﬁﬁﬁ&ﬂ@é %@-E‘gﬁ @Btl‘ii‘i‘ﬁ"f?tslr}l@ edt850l ed and
| yophi | i zetligasioy Qu@ﬁnﬁgat(omél % of a white, anorphous povvder Thi s
conpound was honmopgeneous by HPLC. LR-El ectrospray: C53H71N1308 Cal: 1018

observed: 227% F%}(% ‘rﬁ@' y)lde lﬁi%a.lzp%pgfeg W%%olg‘gcpig 2‘5@119 2% E)%SZOOPLEQf ED%%{I]OP 630

- 195 EXAMPLE aration
Pent a- cyc IWMHQV@)EMQ@O@MQQM@@WSM 0230 1pg bfRONKMEs dddetand thiker - BRA

2 o h
Gynt heay s it Q‘ﬁ’?so‘?‘g?(l%ﬁ)‘"’“ i APy S ARG SEh Bl Wl oo
usi ng HBTL#F:HIH of vygitgr was-aq t‘éﬁ%ﬂ?ﬁ@‘*&@eﬁﬁdm epApPRted B veenymy and the rdsultiog  Si x

coupling egaeﬁcmanmewwlfrﬁémd}{ptc one cycle each with Fnoc-Lys (Boc) (565
ng, 1.2 mmol) and HBTU (452 rng,1.2 mml), Fnoc- Trp (520 ng, 1.2 rrm)l) and

1 R Sy St R T
mol ), Frisd0 anhngshi priinept gadmrmof 2G66 HBKWE(I&SQIMFPGH@,M:)B o&moc Asp
(OBut) 15 TEAJ/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 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-



(500 ng, 1. 2 rrrml) and HBTU (452 ng, 1.2 mmol ). The pe %reskﬁ %/as
carried through steps 1- 5 of protocol 1, washed with e ti nes)
and treated with 2 nL valeric anhydride in 6% D PEA/ CH2Cl 2 for 30 m nutes.
The resin was filtered and washed successively with 50 mM each of CH2C12
(two tines)woeapiepanol, and CH2Cl 2 (three tines). The wpe$ikPoeEe15 dried
‘under vacuumto yield 1. 2 g of Pentyl - hexapeptide resin. The

Pent yl - hexapeptide resin was treated-w#8h 100 L ethanedithiol, 100 IL

di net hyl sulflde 250 pL anisole, and 10 nL trifluoroacetic acid at room
t enper at ur BMFas thegernling agert prd PREAL3 oguiv.F asibaser St compling wpdswerewetformed ol TFA

and t he fléﬂercyaaaclpw&s Rfiok @@oh)r(smhg |1%E|Toi%)éhd HBrhgs2 qu ng%ﬁ&g@}&%t

Wih b oF? *%%5%@53%%%%93511?@?@% Temobi Fgobre APk 10 Baudmmoear

proguct wesndHBTRH(452 nggel. zmymmy}mb@s@&ﬁg,mgmﬁolmm??mmn thg Thef
crude t S uri at | (0]
the cr uge %%%“ﬁﬁ“-*‘?* ABbE (7bg 1 SXEp LR ABmS A fot p Bt 8550 Wb (G ™

" N-nethyl  @epadia mmdmdétﬂﬁa(%bmgawmnamhap@uﬂe pesinofas Barfled tAighy of BOP
was added saipel1t BefRBtdcsbY, %améd%{%ﬁ’éﬂ}’i;@ a{r%]f‘cﬂﬁ%?]e Cy&Fﬁ%&%@&P dehi0

cyclization was noni t or ed HPLC. Typica I zat1 on was conpl et ed
Wi t hi n 18-2hydsidgins6% %EMC e 3P mﬁm@%aahl@dmnm&;ﬁltrpedtahéwaémdmmswm was

evapor at edyiboaAGH, ure r| fied by
HPLC. This crude cyc ?%%Qﬁl %ﬁl%%/?hgépr&m f%’ﬁ%@gdpé%ﬁ f‘:“B’ﬁsa
Vydac (28 Cbl@ﬂunder(rzﬁ:uﬁmtBdeZDZgaﬂPemyﬂhﬁhpﬁpﬁdth a Ilnear grad| ent of
20- 60%B(buffer A: 0.1% TFA/ H2O, buffer B: 0.1% TFAICH3CN) in 90 m n.

flowrate 8 n 280 by anal ytlcal
HPLC anal ysi s O%TP gfl %%éﬁ%r g¢ Emte%%%g@@h%i"frﬁ‘?w}@é@ to yield 61 ny
(15 % of dimetidulfiie, 25001 NiNNOE, :mwdm ﬂﬁ:h SaRIRR

HPLC. LR-Electr os ) ﬁl . 3% C v 1r03 o&ser\g/‘%dgﬁ&éﬂzaﬁ(ggogggﬁl—l)
EXAVPLE 74 PBFSBF {iﬁérﬁd 8ffH washed 2l TEA trates precipitated in chilled ethyl

Pent a- cyc|eﬂ(eA§ﬂxemys:;plmpwzfeucasuaﬁugama)®mmﬂgeﬂdeM¢ds TelZesiaPGadsiadkar - BHA
resin (4 Z%ﬁgwo Or thrd0Wdnds 9@25%13@?&&&21%1%% o3 R L& e ];;[rgdusctotlr\ralls%.ned

under vacuum to yield 248 mg of an off-white solid. The crude peptide was subjected to
cyclization without purification.

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).



15 phase synthesis using Protocol 1 described above. Al couplings were

performed using HBTU in DMF as the coupling agent and @1‘7‘-@&1%28%i v.) as
base. Six coupling cycles were perforned of :one cycle each with Fnoc-Lys
(Boc) (565 ng, 1.2 mml) and HBTU (452 ng, 1.2 mmol ), Froc- Trp (520"ng, 1.2

mol ) and HRbxiéa4 no, 1.2 mol ), Fnoc-Arg (Pnct) (800 ngcgﬁp(gmgggpl) and
HBTU (452 ngy, 1.2 mmol ), Fnoc-(D)Phe (480 ng, 1.2 mml) and HBTU (452 ny,

1.2 20 mmol ), Fnoc-2-i PrAppc (600 ng ¥92 mmol ) and HBTU (452 ng, 0.6 mmol),

Frnoc- Asp @%@500 ng, 1.2 mmol) and HBTU (452 ng, 1.2 mol). The
peptide r carried through steps | - 5 of protocol 1, washed with

CH2Cl 2 (three tines) and treated with 2 nL valeric anhydride in 6%

DI PEA/ CH2 @repafasion6Pexitamgych Aspilye)-Agpst-MeAppc-{DPhedAegi TenliysillBhed successi vel y
with 50 m each of CH2ClI2' (two tines), isopropanol, and CH2Cl12 (three
times). The resin was 25 dried under vacuumto yield 1.
of Pentyl - hexapepti de resin. 28 %ebruar 8437 HCT/ EPO1109630
-197 The Pentyl - hexapeptide r was treated with~200 L eft hanedithiol, 100
.L dimethylsulfide, 250 L anifsole, and 1Q.nL tri roa ic acid at room
tenperature for 180 mn. The |resin was @ ered off yywaghed with -2 nl TFA

and the filtrates preci itatg i n chil L€d>6t hyl The precipitates
were centrifuged and (Hg/e\;r r Tdye d@é&gm@\g}l\T I et was washed 5
with two or three vol unes Et 204nd" r dEenkri fligelil and

product was dried under vacuum

a
g he crude |inear
i el  245\g ofPan of
crude peptide was subjected to

-white solid. The

lization t hout purification. 245 ng of
the crude |inear peptides was di
nor phol i ne was added to have an

gql ved in 220%m of DMF, 500L of N-nethyl
@ rent pH qf 0. 280 ng of BOP was added
and the 10 cyclization was nonitofféd by HPLC. Typically the cyclization was
conpleted within 18-24 hours. 10'm of water was -added to stop the
reaction, DMF was evaporated in vacuum and the resulting reaction mxture
was purifi edH%{io@ﬁpfep}?’/ﬂﬁ&sﬁf(gmng,‘f)@ﬂ:ﬁ{()lg%ﬁﬂbﬁinz 81@@% Mggbjeﬁé%mémﬁdt ]
preparatiy on_a ac - C . ) C eluted wth a
| i near a’lgr E?‘%fﬁn 15 384% 5@%?‘?@?&%&’% ‘Aﬂf; “%“EIFKF ﬁ?’ﬁpe%gﬁmﬁ’@r“sﬁﬁ B 15
TFA/ CH3CNPMihas3be aoapling agéitand DIRBEA (B eqhit.ihdhasd Shewuphiy Fa6s were pahemsbibfh peak
was cut by,ana 'qah )ﬂ;ﬁ’ ¢ ' f | | ect Laons, ,pool and
| yophi I i zeléi toeilv;%dgl Ar?r:gq‘ @cx 6;56 ?1%,61 I.E&mo?)cang(iilﬁ'ﬁ??ﬁ mg, 1.2 mmolf‘i'tmoc-
Trp (520 ing, 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 Ety0 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. '



whi te, anorphous powder. This conmpound was honogeneous by HPLC.

LR-El ectrospray: C56H77N1308 cal: 1060 observed: nz (8debryary£0030
EXAMPLE 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 tgoshsdr; phase synthesis using Protocol 1 desggdbadesahpve. All
couplings were perfornmed using HBTU in 28 February 2005 WD 02/ 18437

PCT/ EPO / 09630 -198 DWP as the coupl 2@ -agent and DI PEA (3 equiv.) as base.
Si x coupling cycles were perforned of one cycle each with Fnoc-Lys (Boc)
(565 ng, 1.2 § ofthelcrui linear e tires, wag dizsolwed ix) 220 DME; FO0(H26F Namieth. 2
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decant ed. GiiHaNi#ghicdut3dabsenadhad (1633uk-H)t wo or three vol unes of R20 and
recentrifuged and the crude linear 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 ssol vefi%ja%gzz of DMF, 500 ILL of N-nethyl norpholine was added to
have an H of 8.0. 280 ng of BOP was added and the 20 cyclization
was nmonitored by HPLC. Typically the cyclization was conpleted within 18-24
hour s. Preparation of Penta-cyclo (Asp-Lys)-Asp-4-ClAppe-( 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



10 M of water was added to stop the reaction, DMF was evaporated in

vacuum and the resulting reaction mxture was purifi && bkt 2009hi 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 ol H20, buffer B: 0.1% 25 TFA/ CH3CN) i pePRpdliobsse ! OW
rate 8 m/mn, detection 280 nm The main peak was cut by analytical HPLC

anal ysis of collected fractions, poolmd-and |yophilized to yield 55 ng (14
% of a white, anorphous powder. This conpound was honbgeneous by HPLC.

LR- El ect r 8P lnyS of pretesst 3nvesiod with CHAW3 (thisb Smres)ontd medted ¢iED 3 Silwaldyic 28
February %%3,‘311- ﬁflé?[ 063 . LE.6 Preparation of
Pent a- cycl o Asggf%%sp- Cﬁ&%?@%&m 1e?g}3§%ﬂ§§%ﬁ§rﬁﬁ&ﬂ%wgﬁ%@%%vg - BHA
resin (72%ith g0 nd earhrod©Hp Chor(om tixes)idoprapanalpme CGHitjlp@krestiines) STHerekibwighas e
synt hesi s i Pr ot | . scr.,.b above.. Al l. couplings were perforned
u>s/i ng HBTﬁH?dn&%ﬁﬁcggﬁg%gééggﬁlolfhﬁn%gd’éﬁatpe%%rﬁ“PEA ?3 egui v.) ag base. Six

coupling cycles were perforned of one cycle each with Fnoc-Lys (Boc) (565
nmg, 1.2 mmol ) TheRintiBhitapefide rasin whs Benabkijh 100dethahedith{dha0opy, 1.2 mmol ) and

HBTU (452 . Frge- Arg (Pog) (800, ng,, 1.2 mmol), and HBTU (452
o, 15 BTy P baEaae L Fioheric st HiepRbatRgor 1800
?Tég ! %5 F?’ﬂ?heﬁbﬁslﬂbz&p' 1ﬁlgeréc5<@ :ﬁ.ﬁs}ﬂad amllilm_}laal Tgigdn&mlﬁl&éz{é%r&gﬁm@%% EHEHd%e_tth”DC‘ Asp
u 1. 2.mnol ) an , 1.2 7 . The peptide resin
was carri ed t ﬁﬁgﬁbeﬁlpﬁﬁtf%‘ﬁ?g ‘ie-n'x%“ apd &Fﬁ%’d{nﬂl‘?"%*rggg% tefideg waswashed e
times) andith tveatrdbireaivolimgs of EtyChdrel ecentrifingey dind the ciudle G8eaPhRIBALGIHR Gligd f or 30
mnutes. The resin was filtered and, washed successively wth 50 m each of
CHZClZISO(t °f Yargey to W@Egﬁ o offdpt %1@6@{446@@%4%@%5@1%@@ esin was 15
dri ed underizationwithéws pytifitadod.. 2 g of Pentyl - hexapeptide resin. The .
Pent yl - hexapeptide resin was treated with 100 L ethanedithiol, 100 L

Cemperature 700 sl Besg erpeunioliadn e R ARG sofuf Sk i e
and the fmbtphelisswisrddidtop hatead apparahipHlof6.0et 180lmg 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).




ether. The precipitates were centrifuged and the ether |ayer decanted. The
resi due was washed 20 with two or three vol unes of Et2Q8dubrusyg00sifuged
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 ofg ¢38sfFebr uary 2005 WO 02/ 18437 -200 PCT/ EPOl/P@%@mNgé(} ng of
the crude linear peptides was dissolved in 220 nl of DWF, 500 11i1.

N-nmet hyl “nor phol i ne was added to havm2an apparent pH of 8.0. 280 rrg of BOP
was added _and the cyclization was nonitored by HPLC. Typically the
cyclizat i EXAMPIEI8pl eted within 18-24 hours. 10 nl of water was added to
stop the reaction, DVF was evaporated in vacuum and the resulting 5
reaction @t auﬁenwﬁ-!'enﬂi-kfyub& LEPhOR 2 erial was
purified byeppr eparative HPf_ngﬁy) Iﬂj\ﬁydacm c@uﬂﬁ%%&sm crr) and el uted
with a linear gradient of 20-60%B (buffer A 0. 1%TFA/I-EO buffer B: 0.1%
TFA/CH3CN) in 90 mn., flowrate 8 m/nn Of nm The mai n peak
was cut by anal yti cal "HPLC ana col | ected actiohs, pool ed and

| yophilized to yield 57 ng (14] A/ o) of allo whi t amopphous powder. This

conpound was honogeneous by HPLC. LR-Fl ¢ osprayf }54H(3N1308 cal: 1032
observed: nlz (1033 M+H), E 74 Prepdar ati ongotPelft a- cycl o( Asp- Lys)
Asp- 4- Cl Appo- (D) Phe- Ar g- Tr pJLys : % e resin (720 ng,
0.4 mmol ) from Exanpl e 29 V\Bre S to: solidf phase synthesis using
Protocol 1 described above. Al lings weye performed using HBTU in DV
as the coupling agent and DI PEA (3] equiv.) aswpase. Six coupling cycles
were perforned of one cycle eac th Fnoc- Lgds (Boc) (565 ng, 1.2 mol)
and HBTU (452 ng, 1.2 mol), Fno Tip (528 rﬁj 1.2 mol ) and HBTU (452
ng, 1.2 mmt4), Fnoc-Arg (Pnt) (80 , 1.2 mmol) and HBTU (452 ng, 1.2
mmol ), Fnoc-(D)Phe (480 ng, 1.2 nmo and HBTU (452 ng, 1.2 nmmol),
Froc-4-Cd Appc (580 ng 1.2 mmol ) and U (452 ng, 0.6 nmol ), Fnoc-Asp
(OBut.)

Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to sohd
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.



(500 ng, 1.2 mml) and HBTU (452 my, 1.2 nmol). The peptide resin was
carried through 28 February 2005 WO 02118437. PCT/ EPO1/28%suary 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
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analy5|s of collected fractions, pooled and |yophilized to yield 55 ng (14
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LR-El ectrospray: C53H70N1308Cl cal: 1032 observed: mz (1033 M+H). 28

February 2005 WO 02/ 18437 PCTI EPO1/ 09630 -202 EXAMPLE 78
EXAMPLE 79

Preparation of Penta- (Asp-Lys)-Asp-3-MeO-Appc-(D)Phe-Arg-Trp-Lys- NH;

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



Preparation of Penty cycl o(Asp-Lys) Asp-4- PhOAppc- (D) Phe- Arg- Tr p- Lys-NH2 -0 -
- Frnoc-Linker-BHA resin (720 ng, 0.4 mmol) from Exanpl e 28 Pebrearpabpscted to
solid 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 QapRns«ay X coupling cycles were perforned of @pRerfMibE €aCh With
Frmoc-Lys (Boc) (565 ng, 1.2 nlnol) and HBTU (452 ng, 1.2 mmﬁ{ Pmoc- Trp

(520 ng, 1.2 mmol) and HBTU (452 ng,-Z42 mol ), Fnoc-Arg (Pnt) (800 ny, 1.2
| d HBTU, (452 1,2 1), Fnoc-(D)Phe (480 ng, 1.2 | d HBTU
(452 g, elsiehidsaiet e REA CREk e 30 G5tRhy e et RtesrpnAmrOI 485
- 0.6 randl kucchsdy WER50 Bk hf CIAN ) Bro tined), o}:arﬁﬂl%h'@ﬁéd edBmes) . 2
or p

mol ). The peptide resin was carried through steps 1- 5 rotocol 1,
washed wi tihe rsinoves drigdimder vepwms §o Yidld L2 sefPedylierapeptideiresinial eri ¢ anhydri de
in 6% Dl PEAI CH2C12 for 30 minutes. The resin was filtered and washed
successi Vel y YhdRnBhBlapSabidah S Elded 111910 IiMancdiftf] RO and OH2CI 2

(three tines). 15°The resin was dried under 'vacuumto yield 1.2 g of
Pent y| - heXimpeshylsulfide 256 Wh anifdie afb hd il thilucamepid il at epinntevaperaturefor 88D mint h 100

L et hanedig i | syl _f;i-de, 0 ni sol.e .and

tri$uor oag%?%e%hgvgg %?%%?%%%gméf gt%llrlgﬁfagragﬁi%t%%mapﬁag%%gﬁ 4y
filtered 6fer Theprrsiityles were cenprifugedand tht ettive lajéridecanteds The ewsidpé vastvasheiin
chilled ewkwo &tthRE vollh@s ) Bd REAHIMEIIGnE B deaes 31?5%&% Jakher |ayer

decanted. The resi due. was washed 20 with two or three vdlunes of Et 20 and
recentri f Ygéal venytmtth pieldr250 mglof areoff-white shiidt Theasudbpeptidesvasalgectedacuum t o

yi el d 270 cj@iz@hn afhQft buhldign S0l i d. The crude peptide was subjected to
cyclization wthout parification. 28 February 2005 WO 02/ 18437

PCTI EP01109630 - 203 270 ng of the crude Ii_nearmge tides was dissolved in
220 m of DVP20mmyfthesrudqlipgarpoptideniwpsrhissplverkinga® m t Pomd\ENamethypar ent

H of B. Op liOw AT S3fGhd ! ifored b
HPLC.. Typis ; i thﬁa‘é%g%??g‘?ﬁ%%ﬂ%?ﬁ?%f@?f ed'w%ﬁﬁﬂd%ﬁ@%@pg@ 0 nt
of wat er wﬁ’é‘ﬁﬁﬁ‘g'éﬁaﬁ%o togst RYHEPLGe dupirally thersyelizafion veas spoplgted vithin 1824thors- and

the resul 49 mbof water was added to stop the reaction, DMF was evaporated in vacuum, and the resulting
15 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 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



5 reaction mxture was purified by HPLC. This crude cyclic material was =~
purified by preparative HPLC on a Yyd\aqg C18-col um. (285ebrazp2¢d§ 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 W @HbasPy anal ytical HPLC anal ysis of coll ect ggrkp@ibdsons.
pool ed and | yophilized to yield 58 ng (13 %9 of a 10 white, anorphous

‘powder. This conpound was honpbgeneous2®dy HPLC: LR-El ectrospray:
C59H75N13™ cal : 1110 erved;, mz .(1116 M-H) . EXAMPLE 79 Preparation of
Penta- (Asp- LySPSANSRERAErsHp {20 1p) hamep) drom Jsample 29 njepe syBjegtedie splidiker - BHA
resin (72@hag sydhdisnmng Prdiscoh dsaitpd 6ho2@ Mbdotpknghinereipedointedseini HRTPhAS e

t hesi ' j ab . Al | i f d
2 ho reTiTE ARGt MATELD BleoBe P el rnsiRo o il S Pesihell ™
coupl i ng EperEls epgywithRmeokyséBoaq (565 mgel 2 ywhdd) ad HBEW (452 B2 tpel), Baod- (565
an ﬁs%""ﬁ%m bt BTG 122 BT b oc Ao (P (88 ol it D)
(452 rang,(Em . %? mg, I %@*@%ﬁéﬁ ,mg,_lzﬁlﬁgngl))anéh@ﬁ-ﬁf pad ng, 1.2
mol ), Freend,Vetedpaipc (680ngm2 M1mmmqsrﬁ‘iitd.e(lﬂ§;%nmm@ﬁ Gma{)%(soo
F - As t 0 | BTU 52.ng, 1.2 . Th
pept 1 do-r 815 12 Sy A TERTL Y2 s el T bemss st sfed rougdsivett w ¢

CH2C12 ( t oprotdaukk yashed with&Haglh (hretiBesirintBeated bvith2ryl, 2AQE MEydRide 18437

PCT/ EPQL/ 5 val eri c anhydride jn 6% DI PEAIL.CH2CL12 for. 30 m nutes.
The ot n P RTEN Gy SEes hialichd b b et e seEcrpv el 3 = 0 5
(two ti mesjch df SBRCHBROtimesisbpedpafad, dndIUERE 1S (Hirestimes). THR résSivA? dvieduslel ed
under vacuumto vyi er 1#2 g ?L Pent yl - hexapepti de resin. The

Pent yl -he%ﬁ%‘@ﬁ’t@é@{e lelg of Reatyl- ?’@Eﬁpé‘éewl{l-h 100 pL eehanedithiol, 100 L 5

di net hyl sul fide, 250 .tL anisole, and 10 nlL. trifluoroacetic acid at room

tenperature fe HeBf1-Hisapeptiio Qesindids Re@Bwitt 100pLthaRldihiola@hge With -2 n TFA
and tthe filtrates rec;h\zl tated in chilled ethyl ether. The precipitates
were cent fimeiidulfidec50 e anispleranil 3§ ml. tiuoaencesit acitatrocestetiperamasfontidmeid. Wi t h

two or ¢ irgeretahiiRBRer i ofEdRARTL -2V RAI bl R %HARL kil I cHileAGAN Product

was dried .. .
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
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 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).



under vacuum to y| eld 250 ny of an off-white solid. The crude p i de was
subjected to 10 cyclization without purification. 250 F@P"ﬁﬁ!&&%de

| i near peptides was dissolved in 220 m of DWP, 500L of N- net hyl

nor phol i ne was added to have an apparent pH of 8.0. 280 ng of BOP was added
and the cywbiozegsson was nonitored by HPLC. Typically thecE¥ediidasi on was
conpleted within 18-24 hours. 10 ml of water was added to stop the

reacti on, DMF was evaporated in vaculd®-and the resulting 15 reaction

m xture “@&E@Eﬂfd by HPLC. This crude cyclic material was purified by
preparati 8n a VWydac C18-colum (2.5 x 20 cm and eluted with a

| i near gradient of 20-60%B (buffer A 01% TFA/ H2O, buffer B: 0.1%

TFAI CH3CNPreparagiGn of Pmta—dykbwpdtye)-&pmdbkmnmhedﬂ&gﬂ&?qgﬁlmo um The main peak
was cut by anal ytical HPLC analysis of collected fractions, pooled and

| yophilized to yield 54 ng (13 % of a 20 white, anor [@ous powder. This
compound was hompbgeneous by HPLC. LR El ectrospray: 43N 3Cs cal : 1048
observed: mz (1049 M+H). EXAMPLE 80 Prep
Pent a-cycli o( Asp-Lys) - Asp- 4- A¢pc- (D , 28 February 2005
WO 02/ 18437 PCTI EPOL/ 09630 - ' (720 ng, 0.4 mol)
from Exanple 29 were subjectgd to sQ I| i s\using Protocol 1
descri bed above. All upl i '
coupl i ng agent and DI%%&‘EB e Icoup|,

perfornmed of one cycle e&ch wt Boc) (565 mgf 1.2 mmol ) and
HBTU (452 ng, 1.2 mmol ), Fnoc 5 Trp (520 ng 4.2 mmol) and HBTU (452 ng,

1.2 mmol), Froc-Arg (Pnt) (800 ny .2 mmol) Jand HBTU (452 ny, 1.2 mol),
Froc- (D) Phe (480 ng, 1.2 nmmol) an BTU (452"m3' 1.2 nmmmol), Fnoc-Adpc (620
my 1.2 mol) and HBTU (452 ng, 0.6 mol), Fnoc-Asp (OBut) (500 m& 1.2
mmol) and HBTU (452 1.2 mol). The peptide resin was carried through
steps 1- 5 off nﬁ}cﬂt@@g%@feﬂéﬂ?@dng;\ﬂfim@@Eémmpbé9membjeaerﬂtotsoldat ed with
2 L V3l ephae spidhil dsH@ Prétoddd 1@&@6@%&@'@@:&1{; gﬂ%grfe%tgnfggoﬁ?ﬁ% n was

filtered shed .successi nes
i sopr opan@oﬁig Wﬁ’& ceypling agqnt %@Mgamvw %§W°«Bﬂ@w¢1@dvemﬁp§ﬁormed 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-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.

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




vacuumto yield 1.1 g of Pentyl-hexapeptide resin. The Pentyl - hexapeptide
resin was treated with 100 [.tL ethanedithiol, 100 pL <8RRV L003i de, 250
JIL anisole, and 10 nL trifluoroacetic acid at roomtenperature for 180
mn. 15 The resin was filtered off, washed with -2 ml TPA and the filtrates
precipitatesvgmdnghy || ed ethyl ether. The precipitates weggmeAbdhf uged and
the ether |ayer decanted. The residue was washed wth two or three vol unes
of Et20 and recentrifuged and the cri®@-1inear product was dried under
vacuumtgqyiel,d 242 ng of an off-white solid. The crude peptide was

subj ect edTFiFation was mogitased by HPlSe (TypiGely thecaelization vwas compleied within 18e24dourte
l'inear peptmliesvated sraslidded ko/®6h the red o DMK wddMmpordl ih vickuRe arld thdRhdiyd

nor phol i n ls;r@:t'(ljlgedwgo h Vcﬁl? lg(gparent pH of "8.0. 280 ng of BOP vvasg added
and the Cyclrzation émﬁf‘) % by HPLC. Typically the cyclization was
conpleted within 18-24 hours. 10 ral of water was added to stop the
reaction, DVAbisudaggismaaterit! wes nraified hy preprdativie 1P €ml at Vydge Clieaudtnno(z.ani xt ur e

was pusi fi mckndiankiRlsted with THkes %ﬁ&i&%o@!&bﬂ%ﬂ(ﬁﬁ%%&%.l%@%%rqu &4 80y 10
" preparat on iydgc C18-cqQlum, (2.5 C and el’ut eq 'H‘u’a
Ipi ngar g?%’éﬁk&ﬂ} ‘F’f&%‘%ﬁ@”%ﬁ? P%%e.deéﬁ%zﬁ)é%@?wwgzm@Y?%
TFA/ CH3CNnalyticadHPRC analydid df\oblleated flctithng, Fodled ﬁﬁﬂﬁﬂiﬂgﬁ@d 284105 mg e LN peak

was cut b a i HPLC anal ysis of cqllecte r i , 00l ed and

| yophi | | z&/e“é‘ﬁ%bé‘xyﬁt"?ﬁﬁkﬁ“@ﬁ‘ ?I%isoﬁ}gr‘%?fm'é w °P’8§%HB%"JW&§’\AH&W°SPFFW‘S
conpound YradsNote gdriddd sbdexvedi2/€. (108 NBHEEt r ospray: 30 C60H76N120s cal : 1093
observed: nmz (1094 M+H). 28 February 2005 WD 02/ 18437 PCT/ EP0O1/ 09630 -206
EXAVPLE 81 Preparation of Penta-cycl o(Asp-Lys)-Asp

Achc- (D) Phe- Arg- Tzp- Lys- NH2 Fnoc- Li nker-BHA resin (720 ng, 0.4 mol) from
Exanpl e iﬂ%%@&&bj ected to solid s phase synthesis using Protocol 1
descri be X | couplings were perfornmed using HBTU in DMF as the
coupling agent_ and DI PEA (3 equiv.) as base. Six coupling cycles were

per f or medrefaratipneof Pynipeydeoldisp-hyOrAsPride-{DYy Bheé-BrgeTrpt 58Ny, 1.2 mmol) and
HBTU (452 ng, 1.2 mol ), Fnoc- Trp (520 ng, 1.2 mol) and HBTU (452 ny, 1.2
mml ), Fnoc-Arg (Pnt) (800 ng, 1.2 mmol) and HBTU (452 ng, 1.2 mol),
Froc- (D) Phe (480 ng, 1.2 mmol) and HBTU (452 ng, 1.2

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



1o mmol ), Fnoc-Achc (560 ng 1.2 mmol) and HBTU (452 ng, 0.8 rrrmle) Prmoc- Asp
(OBut) (500 ng, 1.2 mmol) and HBTU (452 ng, 1.2 mol).2 NEHE resin
was-carried through steps 1- 5 of protocol 1; washed with CH2C 2 (three
times) and treated with 2 nL valeric anhydride in 6% DI PEA/ CH2CI 2 for 30
m nutes. TheyowasMrswas filtered and washed successively wihipRoddh each of
CH2Cl12 (two tines), isopropanol, and CH2CI 2 (three tinmes). The resin was
dried under 15 vacuumto yield 1.1 g2 Pentyl-hexapeptide resin. The

Pent yl -hexa%e(gg}fi%esi n s treated with 100 p.L ethanedithiol, 100 gL

di net hyl st 2P0 tyo dgrapropsael and GH2Glz (thieg Grmssle The resinwpedrzed undem

- tenper at Un@ciuel to ¥l 1B gbf PediiChkgbiddfegn fi I tered off, washed with -2 m TFA
and the filtrates precipitated inchilled ethyl ether. The precipitates

were centri fUﬁE ang the et her |ayer decanted. The resi due was washed 20
with two or t %%ew%@%r@mwsaﬁmmmmm&ﬂmimm ude |i near

duct i i 250. . of ff-whit id. Th
P oo pepraanliaiide RAG ARG 0t el forfoal R ph Rttt B 180t o "
of the ct udde resinaws flserpd p@avashed avithi~Sgull FFdcinil theXlfated profifihdted if GRlldd elfy]
N- et hyl LBy deg: o H-af \B.O.. 280 f BOP
e e ook AR i B et B P A8 R L R il i ©
cyclizat | SR oF revaimes PR regsppifugadiapd thearededivearprpdnat wassitiednpl et ed

i thin 18 f added t he r.eaction, DMVF
\(,amvaploP at eé@?ﬁ%&%& Pnyé%nzg‘stn%é) f?@éﬁ'ﬁ‘{h}ﬂﬁg"@?@%ﬁ% %#g%twgu]{lgcgegﬁ{ﬁ?inf ied b\;,/vas

HPLC. Thi gc@?%gﬂ’éwét?‘é?tiwﬁﬁﬁﬁ@?-i al was purified by preparative HPLC on a
VWdac Cl18-colum (2.5 5 x 20 cm and eluted with a |inear gradient of

20-60%B ( buf458kmd Y Habdr : di e Qi N,
fl ow r%tt e( 8 goi;:ﬁ%rf ﬂ% géﬁcti onlﬁ%g%doep ﬁ%{ﬁ{%ﬁedﬁ%%&%ﬁ%ﬁ%yﬁ%ﬂ ytical

HPLC anal e Wes|apded tedeverap @ppasent PHRS 810 d289mag AR YMivhs addell and the el d 52 ng
( 13 No) ofdizationvid onifoFaT I TORISC. the hiIS: € by
HPLC LR K gl oonta ?;d QeN T R 32%!’%?}"?2‘%?“1%‘%?%‘3’%?% 10
EXAVPLE 82 Pr&pa % padaddsd tasion e peaction [AME Was exaparaged Ap ¥aqupsyn and the resulting

Phe- Ar g- TregctiopgnixiuPe was purified by HPLC., '

15 This crude cyclic material was purified by preparative HPLC on a Vydac C18-column (2.5
x 20 em) 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 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



15 Frnoc- Linker-BHA resin (720 ng, 0.4 mol) from Exanpl e 29 'Wwer e subj ected
to solid phase synthesis using Protocol 1 described abi/lecbrddry 260%pl 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&ozap8? ng, 1.2 mmol) and HBTU (452 ng, 1.2 wopleberobi¥gc- Trp
(520 nmg, 1.2 mmol) and HBTU (452 ng, 1.2 mmol), Fnoc-Arg (Pnt) (800 ng, 1.2

nmol ) 20 and HBTU (452 ng, 1.2 mmol);20Broc- (D)-Phe (480 ny, 1.2 mol) and
HBTU (452 ng,_1.2__ nmol Frnoc- Abc (530 1.2 mmol ) and HBTU (45~ ng, 0.6
mol ), Froc- ARBesbnlerBiHAgwin (70 mg, 024 mmeb iBonuFrampl9 Weasbjested t splidml ) |

The pepti ghase @&msmaang:pmdcem A DEDEL L. ERS coliplifys WerdY e%ﬁﬁéalus Hm%d Wi th

CH2Cl 2 (t t dt id 6%
SRR VR T R IR e TN ERA A R WAL e%épr@aee%g%. vely
with 50 monéarclEeithuwaﬁwlﬁ@QB/sm&)EiBi&aﬂgSYz RETAIERA HBO6 852 mg2 08 nead)) FafocCH2Cl 2

indor  Yacans) PARRERTEM=ER SEHE 1o T md MERY (shaf 1 Syl Fne A

Pent yl - he%&p@ﬂﬁﬁ%eg,rléwmmdm(éw mit e hee!)phmed-(T2)Fbe (480ing) 1.2 hibI)

e b e b MO A el
TFA and t REWFHFR FQREL(0P &g bP peecdtenddIREH (453 angel R yamol bt Fhepeptifig sesin was

preci pit amedmmgneuaps 11 sgesontsl 1} eh&tWReT CHATE (the@Gmits Pahd trEed WRBhdue was
washed W|th r .three volumes of Et20 and recentrlfu%led and the crude

li near versleh 6% RUEA/ GHaGa ey 30 myingtes The sesipgvas filterpd erdwaghed o
sol i d. Th@uc@ésmfgvmpﬁo H@eaw&@wm%%%eg) is %&EA@%@&H&I Nkt umeé 1 920

purlflcatlon rrg of the Crude |inear es was sso

n of DVFIh&wpen wes dudd tpdeetaqyum tageld hogiof Benfgdhezapdptifletresithave an appar ent pH
of 8.0. 280 ng of BOP was added and the cyclization was nonitored by HPLC

Typical l'y theu&mmyzﬁ&agéabﬂa@%eswmh%&mmidw Hnedtali@ifgd,r 10 m ofwater

was added to stop the reaction, DVF was evapor m and t he
r esul t i ngdimeghybtifide, 250 ul anisolevasd plimi fHFed oﬁfox’rdmlnﬁin HBwihivapoeitedjandshel i C

mat er i tive HPL (2.5 x 20
o and of ke bR e S o B PEAFRERE RS 106 e 10,
buf f er B: pcipijatedrin ghillpd e:hyl ther. 9’ﬂwrprcap1tateb wercattaﬁgedrmdthngethd&yact i on 280
rim The gghftedePHe @ducSits walhed with two or three volumes of BtyO and recentrifuged and the

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).



anal ytical HPLC analysis of collected fractions, pooled and |yophilizedto
yield 58 ng (14 % of a white, anmorphous powder.. Thi s2%babyaR®0las
honogeneous by HPLC. LR-El ectrospray 20 C52H7:6N1209 cal: 997 observed: mz
(998 M+H). EXAMPLE 83 Preparation of

Pent a- cycl ofwAsgBass) - Asp- Apc- (D) Phe- Arg (2S, 3S) beta net pyt/efdiRodsys- NH2. O
25 28 February 2005 WO 02/ 18437 PCT/ EPO1l 09630 -209 Fnoc-Li nker-BHA resin

(720 ng, .0.4 mol) from Exanple 29 wedl@-subj ected to solid phase synthesis

usi ng Pr o?(im@é]é;rgrl bed above AII couplings were perforned using HBTU
in BHPEA (3 equiv.) as base. Six coupling

cycl es wer e performed of one cycl e each with Fnoc-Lys (Boc) (565 ng, 1.2
mol ) and HBTU (452 ngy, 1.2 mmol), Froc 5 (2S,3S) beta nethyl (nMes) Trp

616 ny, d HRTU.(452 ngy, 1.2 mol), Fnoc- A P 800 ny,
(1 2 rmrrgnhé‘%'ﬂ%b ?252 %‘,"Jm%sa%”%) Frmmgo()D) Ph(ram?48(r)gng,( rlm)z ﬁnrml)rrgand

HBTU (452 ng, 1.2 nmml), | noc -Apc (550 ng 1.2 nmmol) and HBTU (452 ng, 1.2
mol ), Fnoc-Asp (OBut) (500 ng, 1.2 mmmol) and HBTU (452 ng, 1.2 mmol). The
pepti des r asdthbavas carried through steps 1 - 5 of protocol 1, washed with
CH2C12 (three times) and treated with 2 1.0 nL valeric anhydride in 6%

DI PEAI CH2Q] 2 for 3 1.NUt es, Tere n.was, filtered and. washed
successi vg-y“%g‘?% %@ier%gy 'glgﬁa?# ?ﬂ(‘?ﬁi?Mp’r‘fléfgﬁel’tqré’{)%b&??ﬁ?mf%ﬁ CH2C12
(three ti BRShin od el pIREL. Q‘h@@eﬁsg&k l.ld P 4vitk QALY Td iR X g—loor% TEEMing L 100

Pent yl - hexapepti de resin. Penty exapept de resin was
pL et hane&9mpusids. CYdG:AMEwadﬂmtd/ﬂr@mﬂfelcdk anaﬁﬁlcpmnﬁmmswbxedeiaﬂdm&ﬂuyiﬂg HF at

iy g S ST R B R e

preci pit a in chilled ethyl ether. The precipitates were centrl fuged and
the ether layer decanted. The residue was washed with two or three vol unes
of Et20 and recentrifuged and the crude |inear product was dried under
vacuumto yield 180 ng of an off-white solid. The crude peptide was

subj ect edahipeanifhFAR 18 dhgttedlifl & 0 freldBfy S
| i near peptides was d| ssol ve Ed%gl %%%Weg?%% rrigcgfreﬁ- Wﬁf"
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



nor phol i ne was added to have an apparent pH of 8.0. 280 nE of BOP was added
and the cyclization was nonitored by HPLC. Typical |y t#eFepupy28060n 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 purifiegydprsblBRC. 25 This crude cyclic material was pgtikbdiRekpy
preparative HPLC on a VWdac Cl8-colum (2.5 x 20 cm, and eluted with a

~ ““linear gradient of 20-60% B (buffer #2113, 1% TPA/ H20, buffer B: 0.1 %

TEA/ CH3 i 0 mnp., flo rate%ﬂ mn, detection 280 nm The main peak
was cut b§HmarPRYC o BRI Teggsis dncluded miiict were brogghsteornd
| yophi | i zehpemtyre.cloch 960mIDOAIDAS, 10fi1 sthanwdxtrGot, FNIDA e@gm%zsglml :

[ cal:

conmpound honogen PLC. LR-.El rospr 30 C55H74N120 1031
obser ved: \gﬁr}’?zaquf.u zmﬁiﬁ‘l Bé@lﬁi ?’Vﬁ?ﬁ?g’fg%ge Wﬂ?w Tolums %Pé‘k%‘l@@@@d'
- 210- Bl OItpi@at wa€TeakdaidEchbittdtor Exa0t £ rdvm REPatte. AOSEYAKIP Maidheds N

Descri pti go:aphl 93 C s. transfected with eifher the -4 recept or
Vo1 r e e SPAad Vs Blorink BSuERre el 155 it poa bk TEPARPEY ed wi ¢ b
ei ther 100nM NDP- CGVBH or screening conpounds. Cyclic AWP was extracted
fromthe cells and concentrations were determined using . Biotrak-cAVP SPA
assay. AgHRtestachplgiecontpined;spples of sontralsfor pestipulnadsebeard NDP-aMSHor ease i n
lo cAMP. Galh tg&:%élg_re: HEK 293 cells transfected with either the M:4
receptor or \/%: “receptor were cultured in 75cnR2flasks in D MEM

suppl emented wth 10% FCS and 500pglml (418. Cells were trypsinized and
split .Ep&afi]] issue culture treated plates. Cells

wer e 11’513ﬂ grtn%lnu at?grdy%%’%%yn Fﬁcglﬁ%}en%z%#e%/ﬁ}@. cAMP Response: Conpounds
serially diluted in 100% DMSO were further diluted 1:200 (2.5 conpound
dilution a0l nedia) in D-MEM containing 10%BS and 0. 1nM ] BMX. For

unsti-mul gted cells 2 5| of DVBO was added to 5001 of nedia. For NDP-alNsH
stimul at ¢dexaiplel $, 2. 51 of 20MNRR; aMBH i n 100%ONRS wasMEddEei e 15001 of
medi a” (fifnal cong.
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
Tys-NH2
41 Penta-Cyclo(D-K)-Asp-3-MeOApc-(D)Phe-Arg-Trp- 76 15




20 100nM) .

Fi nal

concentration
sanple was run in duplicate on
fromconfluent 96 wel l

of DIVBO|n aII

cul ture

vel I s was
separate plates Culture %FQ?QEH‘?W&Q Penoved
pl ates and replaced with 200gl

5% Not e:

of 2

Each

5 above

dilutions into the appropriate wells . The plates were incubated for 1lhr at
RT. The nedi® iAgat enoved, and the plates were washed | XpeWebdl g 1 wel |
of PBS. CAMP was extracted by the addition of 60l 70% et hanol (stored in
the refrigerator). After a 30m n extf2ldt-i on period, 101x1 ethanol extract
was transferred to the cAMP assay plate or sanples were stored at -20C
until the] CAMP aggawmwas perforned 30 28 February 2005 02/ 18437 - 211
PCT/ EP01109630 CAMP Assay: The extracted sanples and all} reagents included
inthe kit wgre K era ure 0 a_96 well Lpthla e, 10
et hanol eitr act %Gﬁ%g&(’éﬁ% %&é?c"&g% 1"2]3’1] cAVP7®¢ 501 | ant i*2er unf and 50l
SPA beads| were adiB¥. The total wel | volune after additipn was 200|. The
p| at es welre-—sealad-and-incubated for 15-20 hr I roam.ienperature
[ 1251 ] cAMP bigndi 2 Cydin(b-RewsSPlieApe-asiBh-iasT-pefElr M Ne@d by counting each plate
for 2 mnutes on |ggPackard TopCount. Note: Each plate coptained sappl es of
control s jfor unstlinul ated cells and NDP-CXNBH for stinuhated cells. 10 The
results are sho Tn_1ne T0||omnn? tabtetTabfe—
Exanpl eCampodhds M CEtS X hity i PIbees T mivy- 168 13
30Ac- Nle-{Cycl of RHZAsp Hi s- (D) Phc- Arg-Ti p- Lysj- 0. 60. 6 NFF
31Pent a- Qucl o(D-K) - Asp- Apc- (D) Phe- Arg_Ti p- Lys-|INH26549. 2
32Pent a- dydogd- K b RyAPS.X % (Dghg 2N Lys 3144 NH2
34Cydo(sycc-K) - |ﬁ?c As% B ﬁ% -LysQ%S 6.4 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 2969 74
59 Penta-Cyclo{D-K)-Asp-5ClAtc-(D)Phe-Arg-Trp-Lys- 2130 (PA) 4
NE2
60 Penta-Cyco(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 84
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
NH2 <
73 Penta-Cyclo(D-K)-Asp-2-MeAppc-(D)Phe-Arg-Trp- 213 3.2
Lys-NH2




35Cydo( mai ei c-K) - mal ei c- Asp- Apc- (D) Phe-Arg-Trp-2.9 Lys-NI 2

36Cycl o( pht hal i c- K) - pht hal i c- Asp- Apc- ( D) Phe- Ar g- Tr p- 2 1 5583 dbruyry-2862
38Pent a- Cyclo( D- K) Asp- 4- McOApc- ( D) Phe- Ar g- Tr p- 999, 9998. 4 Lys- NH2 % 40Pent
a- Oycl o( D-K) - Asp- 4-i Pr OApc (D) Phe- Ar gTr p- 50%@0pM6. 1 Lys- NH2

~ 41Pent a- Cy cly@ld2nis7 Asp- 3- MOApc- (D) Phe- Arg-Trp-761. 5 28 Gebibsiio¥e:6005 WO
02/ 18437 PCT/ EPO1/ 09630 -212 Lys-NH2 42

Pent a- Cyclo( D K) - Asp4- Cl Apc- ( D) Phe- Ar §L3Fr p- Lys- 7962. 2 NH2 43

Pent a- Cyclo{B-K-Asp-4-MeApc-(D)Phe- Arg-Trp-1ys-7192. 2 NH? 44
Pent a- Cydp( D#K) - G’eﬁta@&‘oﬂﬁ-@)—ﬁbﬂ:iﬁﬁﬂrc:fmﬁhd_ﬁgﬁ%ﬁ8 1.3 NH2 45 10
‘Pent a- Cydp( D- K) - Aégﬂﬁgc- (D) Phe-A rg-Trp-Om 1541. 1 NH2 46
Pent a- Cycilo( D- K) A C (D) Phe Ar g- Ti p- Dbr-848? 5 NH2 47 Pent a- Cydo(D
K) - Asp- ApE- (D) Phg %?Y 118065 NH2—486
Ac- Cyclo( - KY> As gRem ce{sép PA@’{}AHB‘ﬁDBbTAINITQZQ 597. 42159 Pgnt 26
a- Cycl o( D K) - Asp&&NAL c- ( D) Phe- Arg- Tr p- Lys- 213D (PA)4 NHR
76 Penta-Cyclo(D-K}-Asp-4-MeAppc-(D)Phe-Arg-Trp- 70 6.3
Lys-NH2 B
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 63
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




(L ‘MQ(D, L)Atc (D)Phe-Arg-4.8 Trp-Lys-N 12762
Pent a- Cyclo(D-K) - As- rQ(D, L) At c- (D) Phe- Arg-7. 3 Tr p- [2pd=eiHEar$ 2005
Pent a- Cycl o( D- K) - As- (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- Cyclo( D- K) - Asp- Appc- (D) Phe- Ajg- Trp- Lys-2683.6 NH2 73
Pent a- Cydo( D- K) - Asp- 2- MeAppc- (D) Phe- Arg- Trp-2133. 2 Lys-NH2 28 February 2005 |
WO 02118437 PCT/ EP01109630 - 213
74Pent a- Cycl o( D- K) - Asp- 2- i pt 4pc- (D) Phe- Arg- Trp- 10 Lys- NH2 [
75Pent a- Cycl o( D- K) - Asp- 3- - (D) Phe-. Arg-Ti p-2212. 6 Lys-NH2 i
76Pent a- Cyclo( D K) - Asp- 4- MeAppc- (D) Phe- Arg- Trp- 7706. 3 Lys- NH2
77Pent a- Cycl o( D- K) Asp-4-Cl Appc- (D) Phe- Arg- Tr p- 3309. 1 Lys- NH2 |
78Pent a- Cyclo( D K) - Asp- 4- PhQAppc (D) Phe- Arg-Trp-6.7 Lys-NH2
79Pent a- Cyclo( D K) Asp-3- MeQAppc- (D) Phe- Arg-Trp-4.7 Lys-NH2 |

1. Acompound of the formula:

60 Penta- Cycl o( D-K) - As-
5-
5-

5-
i P
Et

z————-_.._k\ . !

Rﬁ (CHZ)p (CHE}M

R0

«wr Jif e
R%\NHE

wherein
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

Re—C-NH-CH—-C-NH— ;  and

* is hydrogen, with either X and ¥ being each C and the bond between X znd ¥ beinga
double bond, or with X and Y being cach CH and the bond between X and Y being a
single bond;
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 § carbon atoms;
n isOorl;and

Q is

RZ

NN\

H
or or
L Re | R"l/"’ \213
. Rﬁ k]
RE




81Pent a- Gycl o(-D- K) - Asp-Achc- (D) Phe- Arg- Trp- Lys- 1606. 3 NH2

82Pent a- Cycl o( D- K) Asp- Abc- ( D) Phe- Ar g- Tr p- Lys- NH29414. 2

83Pent a- Cycl o( D- K) - Asp- Ape- ( D) Phe- Ar g- Tr p- Lys- NH25101. 285':%?%%?8053

I njection solutions may have the follow ng conposition: Conpound of fornula
13.0 ng Gelatinel50.0 nmy Phenol 4.7 #fy 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 Rl12 together with X and Y forma

phenyl ring and Xyigrefn i@ 3 dr.oge
R4 a R2 _4 NH—CH—IfCe:-N rﬁia&m rgf’fgﬁge“d‘lr?%lﬁr 8% %ﬁ‘fﬂk’égi“ﬁé&%gmﬁv bei ng
each C and the bofi® %%tmhvdcﬂm aﬂco:ndmwgg &omdaqgmbmms,@mwnmemam Y
bei ng each CH andnhﬂe; &dem%%ﬂmroéeﬂ)% g a single bond; R2 is
al ltyl havmgfroq@f, Bdr Caa5 Pﬁ % % haV|ngfrom2t05carbon
atons, or 1s ydrogen, alky! having 01’1111203(:&1' ofl 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 carban 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,or3;and
i
7 s —~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:




~al kynyl having from2 to -5 carbon atoms ; R14 is alkyl having froml to.5
carbon atonms; nis O or |I; and Qis or or i | R4 28 F%r rn])/arﬁ%(?s 215
wherein RR, R4 and R$ are independently hydrogen, hal o, alky aving from1
to 4 carbon atons, hydroxy or al k(F)éi/6 having from1 to 4 carbon atons,
wherein when R4 is not hydrogen, and 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

hydr ogen, al kyl having 3 or 4 carbon c%oal kyl having 5 or 6 carbon
atons, or R31 and R13 are both hyl ; R7 —sTorLNH,\Rs i s hydrogen or
methyl; Rais y, RI7 H2 H2RN @H,)i S hydr@r or nethyl ;@HgnisOorl; mis 0,
H
N

1, 2, or 3; and O Il z is \

Y
i
R

eersp,

8] Ré |le
H g
H H
/X\B/N m], \JLNJ\”’N 2
Rt H i
o] illl" o]
/‘fi o
R NH,
vl R3
Ré
wherein

R'and R together with X and Y form 2 phenyl ring and X is Cand Y is C, or
R!is hydrogen,
T‘|4 ﬁ

Rz-—(NH),.-—ﬁ—HNH—, or
Q REeC-NH-CH—C-NH— ; and
12 _

R is hydrogen, with either X and ¥ being each C and the bond between X and Y being 4
double bond, or with X and Y being each CH and the bond between X and ¥ beinga
single bond; :

2 . .

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;

RM i alkyl having from 1 to 5 carbon atoms;

n isQorli;

8 .

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’ isQor NH;

R* is hydrogen or methy];

R s '

e

IA

lTH-R’T

c G
2 N
. / / : '



"-UNHor -S S and Rl"i's hydrogen or al kyl having fromI| to-6-carbon-
atoms; and pharnaceutically acceptable salts thereof. 2%gRpeeposmd of the
formul a; 28 February 2005 216 Rix (CFlz)p - (CHz \/ 1/ YQO RGR a l
wherein R and R' together with X and. Y forma phenyl ring and Xis C and Y
is C or R is hydrogen, R2--(NH) -- N+, or R74 0 R2'. NHCH-- M

and R12 is hydrogen, with either X and Y being each C and the bond betvveen
X and Y being a double bond or with X and Y being each CH and the bond
between X and Y jpei chf% tgylbond RZ is al kyl having fromlto 5 carbon
atons, al kenyl hawlﬂg igo ‘f '5 carbon atoms, or al kynyl having from 2
to 5 carbon at orls; 9l s g kyl having from1 to 5 carbon atons; 4 isQOorl;
R9, R4 and RS amf iswdgpesdgidd v hydrogen, halo, alkyl having fromzZ to 4
carbon atons, droxy, or al koxy having fromlto 4 carbon atons; wherein
when R4 i s not hydfsogen, R3 and R5 are both hydrogen; R7 isCorNH, RB is
hydr ogen or nethyl; o

|

—C—N{j— O —F—Gr; and

R is hydrogen or alkyl having from | to 6 carbon atoms; RS
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 i3 R4
' RECeNH-CH— - NH~— ;

RZ s alkyl having from 1 to 5 ¢arbon atoms; and




"'R9 is 28 February 2005 Rl is hydrogen or nethyl; p isCorl; -mis 0, 1, 2y
or 3; and Zis O Il -CG-NH 217 of%ﬁ-B---- , and RE '328%&43%9063 al kyl
having froml|l to 6 carbon atons; d pharmaceutically acce le salts

t hereof 3. The conpound of claim2, wherein X and Y are each CH and the

bond between X and Y is a single bond; Zis OIl ----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 conpound of claim 3,
Pent a. - cycl o(Asﬁmlay&)l“éﬁmo&pgdﬁo%ﬂpﬁmlgr;dﬂ*&&ﬁ%ﬁmgn d@mo The conpound of
R i sNH; )

claim?2, wherein Z is 1 -G

6. The compound of claim 5, wherein X and Y are each CH and the bond between X and Yis
a single bond; n is 0; and R® is

§

i =

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

R7 s NH; R'is
Rz-——-(NH),;—ﬁ——NH——-;

R? is alkyl having from 1 to 5 carbon atoms; and R'® and R" are both hydrogen; R? is

CH-R17
G
I3

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

and RY is as defined in claim 2.

.atoms and the remainder are hydrogen.




"R "is hydrogen, R2--(NH)- -NH, or RI4 j 0O R2 --C NH- CHT---CNH R2 is-—-
al kyl having from1 to 5 carbon atons; and 218 28 Febr ugrpendfiy2 and R 2
are both hydrogen; and n and R 4 dre &9defined 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

conpound of 1g] af PN Qo= azl\ IS , NH: S -(NH) 1~ - NH;
0 R2is alkyl I omptAS S s ﬁé"%‘g?%‘gﬁsdgp’gﬁé‘?gé‘ﬁﬁ(@%&%%é* * bot h
hydrogen; RO is | HAREMAEYglo@aptly)-pan-¢ MeApseD) HeecAiprTrpilai- N2, 9. The
io_rrpound_ of I cl gi md5, m;@aeﬁ.mﬂeﬁ.@ﬁ{mgﬁ@@@m}&m, Eolnd bet WIeEnI X and
is a single bond,; [ : n i S rqge alo or al ky
having from!| to 4 c?rag%%9&,'@f%@n)%a%ﬁ'égimrﬁ"ﬁg?‘%g?&Phydrogen. i 1 219
* 28 February 2005 1®enteEcleldspbbmdispApe{R)Hine Arg-Trp-Dbr-NH,,
Pent a- cycl o( Asp- Lys) P%M(ﬁgﬂgbﬁh%ﬁ-QLPIYIBIﬂEXi’ré\I-'T‘?p-Dpr-NHz, ar

Ac-cyclo(Asp-Dpr)-Asp-Apc-(D)Phe-Arg-Trp-Dpr-NH,. _

LY

11. The compound of claim 8, wherein X and Y are each CH and the bond between X and Y s
a single bond; and R is
Rz““—(NH)n—g_NH“— ;

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

iTl-l-r:ur

e

pis0;and R is as defined in claim 2.



pent a- cycl o( Asp=Lys) =Asp-4- MeApc~ (D) Phe- Arg- Tr p- Lys-NH2, penta-cyclo -
(G u-Lys) -du-Apc- (D) Phe-Arg-Trp-Lys-NHa,

pent a- cycl o( Asp- Orn) - Asp- Apc- (1)) Phe-2£6 g, Tr p- Or n- NH2, 28 February 2005

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

singl e bondjya i off : RS s alkoxy .havj | to 4

car bon atomiséf %g%rﬁ*ia}ng&gic%’elﬁa%dg@%ﬁgagﬁ;r‘@#&%mf%ﬂdﬂﬂgﬁgﬂ)gﬂ%ﬁ%mound

of claimi1l, PerfPd¥&lBo(Asp-Lys) - Asp-4- MeOApc- (D) Phe- Ar g- Tr p- Lys- NH2i

pent a- cycl o (Asp- L@m)o(méleid add-Lis)-Q0Rsc i 4 i N2

pent a- cycl e( Asp- L} &oﬁmu - E,'i P s C- D,Phel;-lg?g!-j'li %ﬁ/@ﬁﬁ-}gﬁ%

pent a- cycl o( Asp- Ly%)~ ggfﬁ‘f‘ﬂﬁ%@fs(‘ Reldrppe-tR E 488 NpgDpr-NHy, or

pent a- cycl o( Asp- | &xsielmalgic 4cidDpAEmal D) R ApA(TYPRE-Ard-Vipm DTNEO T

Pent a- cycl o( Asp- Lys) - Asp-4- C Apc- (D) Phe- Arg- Tr p- Lys-NH2,, 13. The conpound

of claim8, wherein each of R, R3, W R Rs and R14 is hydrogen; R7 is

NH, RO is I $¢,0; and R17.i,s as defjned.in claim?2. 220 28 February 2005

14. The compsgurs%e Eymrquad f daim 2cyharein Q{L}Eginﬁ?mgﬁt@ém?_{%§ Y $qrexd eyl ring,

aci d- Apc- (D) Phe- Arg- Trp-Lys-NH2, Cyclo(maleic acid-Lys)-nalefic

aci d- Apc- (D) Phe- Arg- Trp- Lys-NH2,  Cycl o(succi ni ¢ aci d-Dpr)-succini ¢

aci d- Apc- ( DsPha@héednpbiRd mﬂmﬁ"ﬂg,@j'ﬂﬁ(ph@éﬁé féﬂlgjsf
acjd-

| 2bin Al ha AR DIBRL G Grp-
e AR b ok o e Dl o e

. f\pe-(D)Phe-Arg-Trp-Dpr-NH,, or
Ac-Nle-cyclo(Cys-Cys)-Cys-Apc-(D)Phe-Arg-Trp-Cys-NH,.

D

17. A compound of the formula:

(?_Ia)P Q (712)m
' o Rs Tm
N

218849

.

H,

wherein
R'is hydrogen,
RZ—(NH),,—-E—-NH—, or R+ E

" R—C-NH-CH——C-NH— ;

R* s alkyl having from 1 to 5 carbon atoms, atkenyl having from 2 to 5 carbon atoms, or
alkynyl having from 2 to 5 carbon atoms;

R™ is alkyl having from 1to 5 carbon atoms;

n isforl; o




"16. "The conpound of claim15, Cyclo(phthali c‘ aci d-Lys)- pht hali-e--

aci d- Apc- (D) Pbe-. Arg-Trp- Lys-N¥% or cydo(phthaRc acid C
aci d- Apc- (D) Phe- Arg- Tr p- Dpr- NH2, or 221 “Zlgﬂfe)ormaééé
Ac- Nl e- cycl o( Cys- Cys) - Cys- Apc- ( D) Fhe- Ar g- Tr p- 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
atoms, or alkynyl having from2 to 5 carbon atons; R14 i s al kyl having

fromlto S car bgn 21, 28 ebr 2005 R6 i s hydrogen,
al kyl havi ng fromI?}tq Ege%aaﬂcg %gmgﬁfnig&@ ﬁﬁb‘?rﬁg"ﬁ?% 5“351 tledsatbens,
phenoxy, or hal o; gRmmaxg cghalpi NH, Re is hydrogen or methyl; 19 1S 1 | |
HR17 Ha r Rl i’ hydopmgr or nethyl; pis Oor 1; mis 0, 1, 2, or 3; and
z 18 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 ‘




01l = -CNH or -B-S 'and Ris hydrogen o‘r al kyl having fromt to 6 -
carbon atonms and pharnmaceutically acceptable salts thqrgqtgbr,_qg}%zzo(ggﬂe

~conpound of claim17a Wierein Z ig,, 0 Il -C NH- _
R2-C--NH Rei s al kyl having from 1 to 5 carbon atons; RO and R10 are each ‘

~hydrogen; and RO is 28 February 2005 222 CHRT | 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,

having froml to 3 carbon atons. 20. The |

compound of claim 19, Pent3g-cycl o(Asp-Lys) Asp- Appc- (D) Phe- Arg- Tr p- Lys- NH2,

19,

20

21.

22.

23.

24,

25.

it |

G |
</ |

N and ‘
R" is hydrogen or alkyl having from 1 to 6 carbon atoms. |

-
The compound of claim-17 ., wherein R® is hydrogen or alicyl having from 1 to 3 carbon |

atoms.

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. .

The compound of claim 17 , wherein R is halo.

The compound of  claim 21 , Penta~cyclo(Asp-Lys)-Asp-4-ClAppe-(D)Phe-Arg-Trp-Lys-
NH.

The compound of claim 17, wherein R® is alkoxy having from 1 to 3 carbon atoms or

phenoxy.

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.

A compound of the formula:




‘Pent a-cycl o(Asp. -Lys) - Asp-2- McAppc- (D) Phe- Arg- Tr p-r -ys- NH2,

Pent a- cycl o( Asp-Lys) -Asp-2-i PrAppc- (D)Phe-Arg-Trp- Lyggl):llég,.ua 2005

Pent a- cycl o( Asp~Lys) - Asp- 3- McAppc- (JQ,Phe Arg- Trp-Lys- NHa, r)£>eata cyel o
(Asp-Lys) - Asp- 4- McAppc- (D) Phe-Ar rp-Lys-NH2. 21. The corrpound of claim
17 a wherein Rs is halo. 22. The conpound of - claim?21 ,

Pent a- cycl o( Asp- Lys) - Asp- 4- C1lAppc- (D) Phe- Arg- Trp-Lys- NH2, 23. The conpound

of claim 17, wherein R6 is al koxy having from|
phenoxy. 24. The conpound

: . of cl.a
Yent a- cycl o( Asp- Lys) - Asp- 4- PHOAppc- ( D) Ph& Ar g-
(Asp- Lys) - Asp- 3- I\/bOAppc-g Phe- Ar g- Tr S-

to 3 carbon atons or

Tr p- S-NHz, or

NH2. 25. onpound of the
formul a: 28 February 20058 wherein |s hydr ogen, m(NH) -NH----;
R7 NH2 rC ~~ ~tR R G N+ -NH-, . |s IkyI havr froml to 5 carbon
atons, al kenyl having from2 to 5 arbon to having from 2
to 5 carbon atonms; R 4 i y}[} hdyi fr fons; o0 is O
oar |; R1' and R13 are ®ach ' n ent dr ge having 3 or 4
carbon atons, or cydoal kyl ﬂ oms R31 and R 3 are
both phenyl; R7 is 0 or NH hydrogen rret hyI - .

R R
R". NH;
IC
wherein
R' ishydrogen,
Ra—(NH).,—H—NHm; ar R
Rﬂ—c-NH-CH—-—ﬂ-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 to 5 carbon atoms;
n isQorl;

R and R* are each independently hydrogen, alkyl having 3 ar 4 carbon atoms, or

RIO

8

cycloalkyl having 5 or 6 carbon atoms or R" and R are bath phenyl;
is O or NH;
is hydrogen or methyl;

Ha

odo oo

is hydrogen or methyl;

. is0orl;

is0, 1,2, or 33 and
is

~C—NH~— o —~—§—5— and

Pent a- cycl o




RO is- | Rl is hydrogen or -nethyl; - "P. isOor-I ~in-is D 1, 2 or 3; and-2.

iIs O0OIll -QNH or -S-S-,- and 224 R' is hydrogen or al kgl=ch Ppg%({roml to
6 carbon atons; and phar naceutlcally ccept able salts thereo The
conpound of claim25, wherein Z is i - G---NN-- R7is NH- R is O

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 atons. | 27. The corrpound of claim 26, wherein one of R" and Rs is

alUcyl havi ng 3 I’ ar bon havi car bon at ons
and” the ot har i & infuipREn B e 12010 e Por Hemi A Braciiciy’
pent a-cycl o( Asp- Lye@epwhlﬁsakcﬂme()D) Phe- Arg- Trp- Lys- NH2, or

26. The compound of claim 25, wherein Z is
[
—C—NH—
R7 is NH;
R! is

i

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. |

27, 'The compound of claim 26, wherein one of R and R" is alky] 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,.



pent a- cycl o( Asp-Lys) - Asp- Abc-.( D)..Phe- Arg- Tr p- Lys- NH2. .29. ' The. conpound. of
claim 26, wherein R'. and R5 is phenyl and the other i e

phenyl, 30. The conpound of claim 2% %8%% agyﬂodg

pent a- cycl o( Asp- Lys) - Asp- 4KAdpc- (D) Re-Arg-Tr p- Lys-NH2. 225 28 February
2005 31. A conpound of the formula: NIl wherein R is hydrogen,
R2-(NH)r - -NH; or f 14 R-CGCNHCFi-CGMi- ; R2is alkyl having fromlto
5 carbon atons, al kenyl having from2 to 5 carbon atons, or al k*ynyl

havi ng fro %2) to 5 car on a ons; R14 is alkyl having froml to 5 carbon

at ons; i $borh comppundp thS‘mRAla R5 and Rs is hydrogen, halo, alkyl having

fromlto 3 carbon atons, al k gz r 3 carbon atons, and

t he renmai nder are hydrogen is 0 or NH4Re is hydro nmethyl; R9 is

N R10 is hydrogen or rrethyl p i sOorl; s 0, 1, 2, or II_l)and zis ()
a/m

(cH2) m Q
O Re Tm

H

H.

\,_._,
ZT

AN N
R N/\n/ roN R
" o] -ﬁ_lLB 's)
R3 .
NH
i ¢ #\NHz
RS H
wherein
R' is hydrogen,
Ra=—(N H).,—-E-—Nﬁm; or R ﬁ
REA—C-NH-CH—C-NH— ;
R® s 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

G@o@@ C@

R' is hydrogen or methyl;
p isOorl;

m is0, 1,2, 0r3and

Z is



:

zZpORRL ULl 11 11 CH2.i-226 011 28 February 2005 -G NH.or -a-S-;

and R' is hydrogen or al kyl having frgm 1l to 6 carbon and
pharmaceutically i acceptable sal tsﬁﬁhereof . 32. The ?gﬁr:‘p%&fﬁﬁy 8?050I aim 31,
wherein Zis 0 --- 1l---NHR is O R. . ~NH+ . R2is alkyl having from1
to 5 carbon atons; R3, R R5, Rs and Rio are each hy4rogeu; Rs is

hydr ogen, hal o, al kyl having from1 to 3 carbon atons, or all ox r having
froml to 3 carbon atons; and RO is | CHRL7 | and R17 is as defined in
claim31. 33. The C(BTpound of claim 32, wherein R7 is NH

—C—NH— oFf —w—g—85— and
R" is hydrogen or alkyl having from 1 to 6 carbon atoms and pharmaceuti-cally ;
acceptable salts thereof,

32. 'The compound of cdlaim 31, wherein Z is

Rlis

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

TH-RW
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



~34. -The conpound of--¢claim-32, wherein RRis 'hydr ogen or al kyl- -having from1.

to 3 carbon atons. 35. The conpound of claim 34 , pentg- - |

ys) - A sp- (D, L)-Atc-(D)Phe-Arg-Trp-| é? NHz, 227 28 Fte2 r%éfuf%g@%
pent a-cycl o (Asp-Lys)-Asp-S-Met (D, L) Z-(D ) Phe- Ar g- Tr p- 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 of Asp- - AspR- 5- BrAt ¢ Phe- . Arg- Trp- Lys: NH2, or
pent a- cycl o(Aspée@gagcjyl-aﬁg%i’@?%&P?-]@ﬁ%ﬁ@tﬁhglpﬁ'ﬁgﬁﬁgghﬁéﬁ{%$. The conpound
of clainms 31 tdesB-cyan6ispilys)eispS-B(RIdAcHBY hegArgToprLds-WH,, 8r car bon at ons.
39. The conpou f 1 2 A g5 Py ) - Are-Tro-T ve.
pent a- cycl of Aspr}{é E%s?akse%mggﬁ/b@ (5 [l)I,’ILSDA]f)gPC( B)gheeéﬁq‘gip'll?y EN HL"'ys- NH2i
penta-cyclo (Asp -Lys) -Asp-5 -EtO (D,L)Atc- (D)Phe-Arg-Trp-Lys-NH2, or p
enta-cyclo gAsp -Lys)Asp-5-iPrO (D, L)Atc-(D) Phe-Arg-Trp-Lys-NH2. 40. The
conpound of 3&| aihtso@pound derimstittedthwhtkeinR G lalod R6 is hal 0. 41. The

conpound of claim 40,
pent a-cy' cl o( Asp-Lys)-Asp-5-BrAtc-(D)Plle-Cit-Trp-Lys-NH2, or

pent a- cycl o wLys) - Asp- 5-C1At c- (D) Phe- Ci t- Trp- Lys- NH2. *42. The _conpound
Ot m 3157 P Lo e Byl kg s e en VP A Vg NEoC. )
-1-NH-; A3, RtpeREcydR{AsmlisRAG-RCRAtG(IPhearg-THRELYsNHy dr ogen or halo; R7
is NH R9 is '

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)n-—ﬁ—NHm,or' E T“ 11
0 R—C-NH-CH—C-NH—;

R, RY, R®, R? and R" are hydragen;
R® s hydrogen or halo; '
R’ is NH;

R’is

|
|

|



228 wherein Rl7-is as defined in.claim3l. 28 February 2005 43. The
- conpound of claim42, Ac-N e-cydo(Cys-Cys)-Cys-(D,L)At -(lp Puhe- éﬁ@s Tr p- Cys-
21 penta-cyclo(C )S-Q)s)-Cys-5-Br(b,4)Atc- (D) Phe- Arg-T?S- (& ;

pent a- cycl o( Asp- Lys) - AsP- Apc- ( A) Phe- Al a- 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[ conpound of the fornula: | wherein
Rl to Rl2, m p, Q XY and Z are as defined in clains | to 45 By a) in case
where Zis -C(O-NH, dissolving the appropriate unpurified |linear peptide
in DM, adjusting to an apparent pH of 13.0 by the addition of a tertiary
amne base and treating wth an am de bogH-Rfiorm ng reagent or b) in case
where z is -S- S, dissolving a purified qi near peptide containing two

~appropriately positioned cystein residues.imggueous DVSO adjusting to pH
8.0 by addition of ammoni um hydroxi de i ng oxygen in the sol ution.
28 February 2005 228 a 45. A pharnmaceuti g&l~g8Nhposition conpri sing
conmpounds accor di ng.t]g"any one of clainms 1- 43 and a therapeutical inert
carrier. 229 28"EEHRaiypsdgfind pelaimde. of conpounds according to any
oi'claims | to 43 for the preparation ofinedicanents for the treatnent
and/ or prophyl wds of di seases which are associated with rel anocortin-4-
receptor acthVvi trfe calbondder A5E 48Nl AT Bl DA HPRS £rol Brp RQEST LY.
48. Conpounds a rdipng to any of ccl awsoégsﬂg&%%rﬂusﬂdnzs t%@lrgggﬁ?i C
active R

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,.

44. A process for the preparation of a compound of the formula:

/ —Z T

R')\NHE
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
treating 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.



substances, particularly as therapeutic active substances for -the treatnent
and/ or prophylaxis of di seases which are associ ated V"izhti‘:ebruaryzoos
mel anocortin-4-receptor. | ‘

228 a

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.





