WO 2005/ 014624 PCT/ EP2004/ 008850 -1- Preparation of Somatostatin Peptides
The present invention relates to a process for preparing cyclic somatostatin
anal ogues and the internediates used in this process. Mre particularly the
i nvention provides a process for preparing a cyclic somatostatin anal ogue
of formul a WORMI0I424 N NH N-NVO,... HO Il N O O H NH RCT/EP2DG4/08BSS) H NHz

0 R2 wherein R is -C2.6al kyl ene-NR3R4, -C2. 6al kyl ene-guani di ne or

- C2. eal kyl ene- 000H wherei n each of R3-4nd R4 i ndependently is H, C'al kyl,

w hydr oxy- C2, al kyl ene or acyl or R3 and R4 form together with the nitrogen
atomto which they are attached a heterocyclic group which may conprise a
further hetepadibnof Sematofiatin Beplide$H2- R5 , - CH2- CO- 0- CH2-R5 /-\ O CHA- RSCH
or CH2R3 wherein Z, is 0 or Sand R5 is optionally substituted phenyl, or a
salt thereof. Any acyl nmay be e.g. RBCO wherein R is H C'al kyl,

C2. 4al kenYhe prggerﬁ‘?r}(n%bﬁ’cg, %latesOb alGHR¥s for Q%dﬁ%%ann%;@atﬁ Jh%fo?w&%ﬂ ic

group, such group e aromatic or saturated a conpri $e one
nitrogen 8 igaeEngdatesoered imHis Rroe’sSond het er oat om sel ected from nitrogen and

More particularly the invention provides a process for preparing a cyclic somatostatin
analogue of formula |

wherein

R, is =Casalkylene-NR3R,, -C,alkylene—guanidine or -C,.salkylene-COOH wherein each of
R; and R, independently is H, C,4alkyl, m-hydroxy-C2.4aIkerne or acyl or R; and R, form
together with the nitrogen atom to which they are atiached a heterocyclic group which
may comprise a further heteroatom, and

R; is Zy-CHy-Rs, —CH2-CO-0-CH:-R;

or

CH,R;
wherein Z, is O or S and Rs is optionally substituted phenyl,
or a salt thereof.

Any acyl may be e.g. R,CO- wherein R, is H, Ci.alkyl, Co4alkenyl, Cigcycloalkyl or benzyl.
When NRyR, forms a heterocyclic group, such group may be aromatic or saturated and may
comprise one nitrogen or one nitrogen and a second heteroatom selected from nitrogen and
oxygen. Preferably the heterocyclic group is e.g. pyridyl or morpholino. Casalkylene is
preferably —CH,-CHz-. When Rs is substituted phenyl, the pheny! ring may be substituted by
halogen, methyl, ethyl, methoxy or ethoxy, e.g. in ortho and/or para. Preferably Rs is
unsubstituted phenyl.



oxygen. Preferably the heterocyclic group is e.g. pyridyl or norpholino.
C24al kyl ene is preferably -CH2-CH2-. Wien R5 is substituted phenyl, the
phenyl ring may be substituted by halogen, nethyl, ethyl, nethoxy or
ethoxy, e.g. in ortho and/or para. Preferably R5 is wunsubstituted phenyl.
VO 2005/ 014920658t#6202004/ 008850 -2 Ami no acids in posi RGHEP2MAMRSHr 5 nay
have the D or L configuration. Preferablzy each of themhas the L
configuration. The conpounds of formula may exist e.g. in free O salt
form Salts include acid addition salts with e.g. organic acids, polymeric
acids or inorganic acids, for exanple with hydrochloric acid, acetic acid,
| acti c aciAminkagidsin ipesitier) Yandienty mRY: havsi the Dsuwpnfgw@t@ndPr@fer@tdmm ofacid, or

e.g. al ka'therﬁ'ﬁéﬁhei%ﬁfg F,ﬂ R, conprises a COOH group. Acid addition salts
may exi st as non- ent salts, e.g. depending whether 1 or 2 acid
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Preferred salts are the aspartate di-salt or the panpate nonosal
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acids 4 a@amaaﬂesnmgaucul arly preferred. The cyclisation according to the
i nvention between the amno acids 3 and 4, or 4 and 5, or 6 and 1 lead to
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be avoid fedychlsatuoa stdpris partiodtardl d@nhdeﬁt oh ki delectint ofae 2 tdrevir@l ardinp radids detlea
process for
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)-Lys(4- NHRlZ):- N - of for. [ 1] Lys(4-NHR1?2 .

)L O oS reriede et ping PR bhwer! sk BB 1 BB STY parccutary
preferred. The cyclisation according to the invention between the amino acids 3 and 4, or 4
and 5, or 6 and 1 lead to improved yields with reduced isomerisation at the chiral sites.

Furthermore, these cyclisation steps can be performed with less stringent conditions and
reactants: e.g. cyclisation through the use of an azide can be avoided.

In a first embodiment of the invention, there is provided a process for preparing a compound
of formula | or a salt thereof as indicated above,
comprising cyclizing a linear somatostatin analogue of formula Il

2N-TH-CO-Phe-{4-(R,-NHCO-O)-Pro}-(D or L)Phg-DTrp(R,, }-Lys(4-NHR;}-OH 1l
CH,-R,
or of formula I}
H-Lys{4-NHR,,) -HN-TH-CO-Phe-{4-(R,-NHCO-O)-Pro}-(D or L)Phg-DTrp(R’,,)-OH HI

CH,R,

or of formula IV



CH2-R2 or of formula |V WO 2005/ 014624 PCT/ EP2004/ 008850 -3

H (4- (RL-NHCO- O -Pro)- (D or L)Phg-DTrp(R")-Lys(4-NHRL2) - NH ~H CO- Phe-CH |V
HZ R2 wherein R, and R2 are as defined, each of R'" and R12, independently,
s an am no protecting group whereby when R, conprises a termnal NH2, this
term nal NHYO 28054114634 pr ot ect ed by an amino protecting ROURP206E90833her e
requi red.renoving the protecting group(s), and recovering a conpound of
fornula | thus obtained in free formor3rn salt form Suitable anino
protecting groups are e.g. as described, for exanple, in "Protective G oups
in Organic Synthesis", T. W Geene et al., John Wley & Sons Inc., Second
Edi ti on 1993-(R,-NBGOWD})-Bo}-(Bf or £)RNg-DIM(RQ)-[ys @ N, J-NY-GH-COFse-@H dvg. acetyl or
am no groups as used in peptide synthesis, e.g. ’-E'rRt . - but oxy- car bonyl ,

car bobenzoxy, fluorenyl nmet hoxycarbonyl, all oxycarBonyl,

1- (4, 4- di gRERW RN AR 9sYerrfeAexy! i dene) et hyl, 1-(4, 4-dinethyl -2, 6-
di oxocycl ohexyl i deraﬁ%-& met hyl butyl, 4-nmethyltrityl. (WC. Chan and P.D.
Whi t e,  FnBechsd|Rigandifa s iIndpRestdently. Sy afeiae Brotetinhera@ulini ver sity Press, 2000) .

Cycli sati GReBy whENREEIRHsbY aRéniitdl NAL, MRS tdrinaeH 6 8RB MR @bd B aRBinHoum  or
phos- phoni um based derivative for in situ carboxy activation e.g.

O (benzot PIOELHNG gOPP) N, N, N, N - t et ranet hyl ur oni um hexaf | uor ophosphat e,

benzot ri agRd wherk Iréutirba rrhding Bk ipfbitdttihg Blres@Noni um hexaf | uor ophosphat e,
N-[(1 H benzotriazol-1 -yl ' 5

; di_nmet hyl am no). net hyl ene] - N- net hyl
met hanami AMFCPEPS £1SQEW %&@"}H‘-‘%%ﬁ%ﬁa‘?bt ined in fl%e?orng or in salt fo¥m.
N-[(dimethylamno)-1H-1,2, 3-triazol o[ 4, 5- b] pyr - o , )
di ne- 1-yl %tzaﬂﬁ @wé? pwt?@pgly{cwgf ﬁ%% aﬁi qgﬁ?Jbeg, for exarn.ple. in “Protective Groups in
7- azabenz QrgankzSynttexisQ Ty W.iGreeny étall.| sihnaYitey@hSsrshad) Sedohe Eafibhapgphosphat e.
Pr ef er abl é t hq reactjon, nae% bet. carried out in ﬁ}he presence of base, e.g.
an or gani EXARIGROT sych amigo JraleFting; arauns arg.¢-0- apahiar arﬂl—"ﬁ?{”ﬁ??ﬁﬂﬁfﬂ"ﬂl i ne,
tri et hyl apeptide sprthésis, leey) mrl.-batoxyrearbamdl carbobérezopy, daceagmethorytationyl, | ary
nucl eophi | e.q. 1- r px triazale N hydroxysuccinim
3 nydr oxy Pyl TR B S BN AR R s
1- hydr oxy didxageabenglidene R3-olethylblihd, Gmethylgili (dhCoChan arafDunthitef Frhos saliia |1,
11 or IV . 0 ' protected form i.e. a
conpound gb%%glfer?tﬂﬁ%gyrﬁaﬁsﬁ ﬁxﬁorgpgfvgfs%fegé.oipﬂg}l am no groups
Cyclisation may conveniently be performed in the presence of an aminium- or phos-
phonium-based derivative for in situ carboxy activation e.g. O-(benzotriazol-1-yl)N,N,N' N'-
tetramethyluronium-hexafluorophosphate, benzotriazol-1-yloxytris(pyrrolidino) phosphonium
hexafluorophosphate, N-[(1H-benzotriazol-1-yl)(dimethylamino) methylenel-N-methyl
methanaminium tetrafluoroborate N-oxide, N-[(dimethylamino)-1H-1,2,3-triazolo[4,5-b]pyri-
dine-1-ylmethylene]-N-methylmethanaminium, 7-azabenzotriazol-1yloxytris(pyrrolidino)-
phosphonium hexafluorophosphate. Preferably the reaction may be carried out in the
presence of a base, e.9. an organic amine, e.g. N-ethyl diisopropy! amine, N-
methylmorpholine, triethylamine, or tribenzyl amine, and in the presence of an auxiliary
nucleophite, e.g. 1-hydroxybenzotriazole, N-hydroxysuccinimide, 3-hydroxy-3,4-dihydro-
1,2,3-benzotriazine-4-one or 1-hydroxy-7-azabenzotriazole.

The cyclisation of a compound of formula 11, lll or IV leads to a compound of formula | in
protected form, i.e. a compound of formula | wherein one or more or all amino groups
present in the molecule are protected by an amino protecting group. Examples of such
compounds are e.g. cyclo[(2S,4R)-4-(Boc-NH-CH,-CH»-NH-CO-0)-Pro-Phg-D-Trp(Boc)-
Lys(Boc)-Tyr(Bzl)-Phe-], cyclo[(2S,4R)-4-(Boc-NH-CH,-CH-NH-CO-0)-Pro-Phg-D-Trp-
Lys(Boc)-Tyr(Bzl)-Phe-] and cyclo[(25,4R)-4-{Boc-NH-CH,-CH-NH-CO-0)-Pro-DPhg-D-Trp-
Lys(Boc)-Tyr(Bzl)-Phe-].



present in the nolecule are protected by an am no protecting group. Exanples
of such conpounds are e.g.
cycl o[ (2S, 4R) - 4- ( Boc- NH CH2- CH2- NH- CO- O) - Pr o- Phg- D- Tr p( Boc) -

Lys( Boc) - TywpBoésjoriae- | PCT/EP2004/008850
cycl o[ (2S, 4R) - 4- (Boc- NH CH2- CH2- NH- CO- O) - Pr o- Phg- D- Tr p-
Lys(Boc) - Tyr (Bzl ) - Phe-] and «4-

cycl o[ (2S, 4R) - 4- (Boc- NH- CH2- CH2- NH- CO- O) - Pr o- DPhg- D- Tr p-

Lys(Boc) - Tyr (Bzl ) - Phe-]. WO 2005/ 014624 PCT/ EP2004/ 008850 -4 The ami no
protectin LR
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resin, e. GormlaedMEsqV & dbtaird@i | abl e pol ystyrene-based resin, optionally
through a suitable linker, e.g. a linker which is cleavable. under mld
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e.g. the fr ane, prefera
terrperatuge;upoegaBmcrwﬁﬁﬁnt with a ketone,

When the synthesis is effected by solid phase synthesis, the built-up peptide is then
removed from the resin in accordance with methods known in the art, e.g. with acetic acid;
trifluoracetic acid; acetic acid-trifluoroethancl-dichloromethane; hexafluoroisopropanol in
dichloromethane. A preferred process for removing the built-up peptide from the solid phase,
e.g. when using a non-chiorinated trityl based linker , is e.g. the treatment with
methanol/dichloromethane, preferably at room temperature, or a treatment with a ketone,
e.g. ethyl methyl ketone, preferably at a temperature of about 50°C.

Exampies of compounds of formulae I, 1ll and IV are e.g.
H-Lys(Boc)-D-Tyr(Bzl)-Phe-(2S,4R)-4-(Boc-NH-CHz-CHz-NH-CO-0)-Pro-Phg-D-Trp(Boc)-
OH

H-Lys{Boc)-D-Tyr(Bzl)-Phe-(2S,4R)-4-(Boc-NH-CH;-CH-NH-CO-0)-Pro-Phg-D-Trp-OH
H-(?.S,4R)~4-(Boc-NH-CHz—CHz-NH-CO-O)-Pro-.Phg-D-Trp(Boc)-Lys(Boc)-Tyr(le)-Phe-OH
H-Tyr(Bzl}-Phe-(2S,4R)-4-(Boc-NH-CHj-CH,-NH-CO-0)-Pro-0Phg-DTrp(Boc)-Lys(Boc)-OH
H-Tyr(Bzl)-Phe-(2S,4R)-4-(Boc-NH-CH,-CH-NH-CO-0)-Pro-Phg-DTrp-Lys(Boc)-OH



e.g. ethyl nmethyl ketone, preferably at a tenperature of about 50C. Exanples
of conpounds of fornmulae Il, |1l and IV are e.g. H Lys(Boc)-D Tyr(Bzl

) - Phe-(2S, 4R) - 4- (Boc-N H CH2- CH2-N H CO O) - Pro- Phg- D- Tr p(Boc) - OH

H Lys(Boc) - D- Tyr ( Bzl ) - Phe- ( 2S, 4R) - 4- (Boc- N

H CH2- CH2- Nwe@f 0- Phg-D-Trp-OH H-(2S, 4R) - 4- ( Boc- NPATEP2004/008850

H2- CH2- NH- CO- O) - Pr o- Phg- D- Tr p( Boc) - Lys(Boc) - Tyr ( Bzl ) - Phe- OH

H Tyr (Bzl ) - Phe- (2S, 4R) - 4- (Boc-N H cH2-GR- N H cO O) - Pr o- DPhg- DTr p( Boc) - Lys
(Boc) - CH

H Tyr (Bzl) - Phe- (2S, 4R) - 4- ( Boc- NH- CH2- CH2- NH- CO- O) - Pr o- Phg- DTr p- Lys( Boc) - OH
WO 20051 04I§ Bzl PRITE- 4R H- (Bs8 886 CH- B HANHC OB} Broffihg- -7 6r(BE)) L yb( BE) OHN

H CH2- CH2- N H- CO O) - Pr o- Phg- D- Tr p( Boc) Lys(Boc) - OH.  Conpounds of fornula I,
111 or | \Coragoupss oft foimula lisiflior IV meprexst inla sait s @s discipeed avovelier theonpounds of
formula | SO5M of formula | are val uabl e somatostatin agoni sts,
and have ?orqﬁars?astl n%wuﬁlar macol ogi cal properties as disclosed e.g. in WO

97/ 01579 ﬁ{eéé-)gf 86&@&93rmuﬁd“|9ar€9£lﬁé’d?é §omét8§ié:ﬁ‘-§£gnﬂis&% ham @tQF‘esnn

phar macol ogi ertl es being 1 ncorporat erein erence. ‘A
preferr eopr@gnmg@a opgrtiepas disclosed e.g. |n WO 97/01579 or WO 2/10192 the contents
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may be obtained. The follow ng exanples are illustrative of the invention.
All termewaé#uaﬁg fh@fbréd%sé:of thd hﬁeﬁt@;lnl dengat@h%wvdfme QesporRingipdar Bzl =

benzyl DAEM I et sopr carbodiimde DW =
N, N—)él rret?ﬁpf'%?f ﬂfr‘??%%"q ﬁ’ h‘g'aﬁrﬁ ‘meggﬁﬁawlneaz. de EDIPA = N et hyl

di
dkﬁiﬁiﬁﬁ’n e BV GG Rty OF Ao SHETRETREES F50P Spnosphate  HOBT
= hydraméfg or\}\ﬁr%)gtagb'b?ezv?augns PA u_sebSOpr opyl al cohol Phg = phenyl gl yci ne

Bz = benzyl

DAEM = diethylamine

DICI = diisopropyl carbodiimide
DMF = N,N-dimethylformamide
DPPA = diphenylphosphoryl azide
EDIPA = N-ethyl diisopropyl amine
HBTU = O-(benzotriazol-1-yl}-N,N,N’ N'-tetramethyluronium-hexaflucrophasphate
HOBT = 1-hydroxy-benzotriazole
IPA -= isopropyl alcohol

Phg = phenylglycine

RT = room temperature

TBME = tert-butylmethyl ether

Example 1: [ H-Tyr(Bzl)-Phe-(2S,4R}-4-(Boc-NH-CH,-CH,-NH-CO-0})-Pro-Phg-D-Trp-
Lys{Boc)-OH]



RT = roomtenperature TBME = tert-butylnethyl ether Exanple 1: [

H Tyr (Bzl) - Phe- (2S, 4R) - 4- ( Boc- NH CH2- CHZ- NH- CO- O) - Pr o- Phg- D- Tr p-

Lys(Boc) C]—I] WO 2005/ 014624 PCT/ EP2004/008850 -6 -c / p O HNy OON NH O
Nyox ~° O f NOOOH /-\ HNHS O 0 10,4 ¢

( FMOC- Tyr(E}XP)ZO‘#Sf%%H 2S, 4R) - 4- (Boc- NH- CHr CH2- NH- CO- O) | - PCA/EPAY4 1008850, -
Lys(BOC)-OH) are dissolved in 100 m . At RT 2,0 mM diethylamne are
added and stirring continued for 4 houts at RT. The cl ear yel | ow sol ution
is evaporated at 40. To the residue are added 150 nl isopropyl acetate.
Seeding and stirring for 18 hours at RT, filtration and washing with 20 nm
i sopropyl acetate. Dryi at 40. HPLC S%b.a. (17,6 mn).ESI- M :

1287, 5( M#Na) ' ;' H NVMR(DVEO) (2, DMBO) : A(3H, m, 1.33 (21-1, m), 1.37(18H,
m, 1.53(1H m, 1.642H m, 206(dH, 2.22(1 H, m, 2.78-3.15(12H, m,
3.38(1 H nm), 3.79(2H, t;gr‘) 4 121H 55-4.75(3H, n), 5.06(2H, s);
5.15(1 H, d), 5.54(1 H,_ &, 6. bry, 6.83(1 H, br), 6.89(2H d),

6.94(1 H t), 6.99(1 H, s\})"’ (2 uud))\ 0-7. 50(aﬂomH) 7.59(1 H d),
8.14(1 H, d), 8.45-8. 55(9H, MO(l ﬁ d (TEH){). The conpound
used as starting material is pi" a|‘°ed as® Ilows: a) 2-D Trp-Lys(BOC)-Ove NH
0C/ 61 00 =~ oH
H Q
0

vl

10,4 g (FMOC-Tyr(Bzl)-Phe-{(2S,4R)4-(Boc-NH-CHCH»-NH-CO-0)]-Pro-Phg-D-Trp-
Lys(BOC)-OH) are dissolved in 100 ml DMF. At RT 2,0 ml diethylamine are added and
stirring continued for 4 hours at RT. The clear yellow solution is evaporated at 40°. To the
residue are added 150 ml isopropyl acetate. Seeding and stirring for 18 hours at RT, filtration
and washing with 20 ml isopropyl acetate. Drying at 40°. HPLC 87,5% b.a. (1?.6 min).ESI-
MS : 1287,5(M+Na)*; 'H-NMR(DMSO) { 3, DMSO): 1.14(2H, m), 1.33 (2H, m), 1.37(18H, m),
1.53(1H, m), 1.64(1H, m), 2.06(1H, m), 2.22(1H, m), 2.78-3.15(12H, m), 3.38(1H, m),
3.79(2H, br), 4.12{1H, m), 4.55-4.75(3H, m), 5.08(2H, s), 5.15(1H, d), 5.54(1H, d), 6.75{1H,
br), 6.83(1H, br), 6.89(2H, d), 6.94(1H, t), 6.99(1H, s), 7.43(2H, d), 7.10-7.50(arom.H),
7.59(1H, d), 8.14(1H, d), 8.45-8.55(2H, m), 8.60(1H, d), 10.71(1H, br).

The compound used as starting material is prepared as follows:
a) Z-D-Trp-Lys(BOC)-OMe

NH

Y
>:\;’\/—/\H/j<

To a solution of 23,7 g Z-D-Trp-OH in 230 ml THF are added 9,5 g HOBt at RT. A clear
colorless solution is formed. Then 20,8 g H-Lys{(BOC)-OMe.HCI are added at RT, followed



\ 0 To a solution of 23,7 g Z-D-Trp-CHin 230 mMl THE are added 9,5 g HOBt at
RT. A clear colorless solution is fornmed. Then 20,8 g H Lys(BQOC) - Ovk. HCI
are added at RT, followed WO 2005/014624 PCT/ EP2004/008850 -7 by 7,7 m

N- et hyl mor phol i ne. The fine suspension is cooled down to 0 and 11,4 i

dii sopropyl@grz%m‘fﬁm de added. Stirring 1 hour at O, th&CTERINM0EEH RT. A
solution of 7,0y sulfuric acid conc. ip 120 m water is added to the
suspensi on. Extraction with 150 m et hyl © acetate, separation of the phases
and washi ng of the organic phase consecutively with 100 m brine saturated,
100 M brine 25%, 5% sodi um hydrogencar bonate sol ution. Then the organic
phase is dy7&dldmethylpgaphalinel Thedipe suspedsiomiscopled dawe td @ arakéh4upg in 250 n

. | t 40

o vo 75, GRERPHEaRinid Al Sy fod Bl el i B bR

Nucl eosi | sul cm‘ld:mmc m ‘raOdnbwter iggdded ta therauspensios. Extram@mwrpmmh@thylc aC| d,
h B | th

D20 nm 1 P, septpfion Bf e pffies ahl Wiy bt BUSHE phaserSi ity wil g | 1)

by HD Trpl nw(@@@tequm brige IQS% 8% wmur@ydrogqncwbowe plytiorg Thea the mml ) g

Z-D-Trp-Ly %ﬁ%a%dﬁé&o@r%ﬁ&dﬂnd é\/aﬁgﬁtﬂ Tﬁ‘@?e@ﬂﬂ@ks’tager?u;ﬂngngﬁlyﬂ PdC

10% added and hydr ogenat ed at rogenation is finish ter 1 hour
at RT, twepr@a!'apglgte gy stigeed h@lﬁﬂs aéﬁa rifyatign Qﬁdrcﬁlf'ég Bl @veed8.98 230 white

solid. HPife.3BAChbME; White Substinds. HIIC-ondfiBnd?MN Rubi¥ssiBOE)wENE: shlcrof

250 x 4 mm; phase A: 0,24% phosphoric acid, phase B acetonitrile; gradient: from 20 to
80% B in 30 minutes; wavelength 220 nm; filow rate 1,3 mi/min; Temperature 35°: purity
97.8% b.a.(24,2 min).

b) H-D-Trp-Lys(BOC)-OMe

NH

Ak

19,8 (34,1 mmol) g Z-D-Trp-Lys(BOC)-OMe are dissolved in 220 ml methanol, 2,2 g catalyst
PdC 10% added and hydrogenated at RT. The hydrogenation is finished after 1 hour at RT,
the catalyst filtered off and the filtrate evaporated at 30°: white solid. HPLC: 98,1% b.a.(16,2

min).

c} Z-Phg-D-Trp-Lys(BOC)-OMe

BN o
% — TR

17,0 g H-D-Trp-Lys(BOC)-OMe are mixed with 80 ml THF. 9,2 g Z-Phg-OH are added to the
grey suspension at RT. Addition of 4,4 g HOBY, rinsing with 20 ml THF. The turbid yellow



NHO NHONTr Or OOO O 17,0 g HD Trp-Lys(BOC)-Owe are m xed with
80 mM THF. 9,2 g Z-Phg-OH are added to the grey suspension at RT. Addition
of 4,4 g HOBt, rinsing with 20 m THF. The turbid yell ow WO 2005/ 014624
PCT/ EP2004/ 008850 -8 solution is cooled dowmn to 00 and a solution of 5,3 ni
DICl in 15W2008146Hded within 10 minutes. Stirring 2 BEWEB2044/00§850t hen 2
hours at RT. Then addition of a solutign of 3,6 sulfuric acid in 57 ni

wat er, extraction with 70 ml ethyl acetate, washing with water, saturated
brine, 5% sodi um hydrogencarbonate, 25% bri ne dryi ng over MgS™4 and
evaporation. The white residue is stirred in sopropyl acetate 2

hours at SRMtign# qopleddowpde Q) @R & polwtion&d .3 rﬂr’%}ph‘@ 1éfmltTl'Tﬁ: qdled itbingl0 40:
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d) H-Phg-D-Trp-Lys{BOC}-OMe

NH

ZI

o \‘\

S

23,4 g (23,8 mmol) (Z-Phg-D-Trp-Lys(BOC)-OMe) are dissolved in 260 ml methanol, 2,6 g
Pd/C 10% added and hydrogenated at RT and normal pressure. After 3 hours the catalyst is
filtered off and the filtrate evaporated at 30°: white solid. HPLC 85,9% b.a.(17,6 min).

e) Z-[(25,4R)-4-(Boc-NH-CH;-CH,-NH-CO-0)]-Pro-Phg-D-Trp-Lys(BOC)-OMe

\]L

0== NH
o —
i n o
HN '
DA W
Ran W TX
o)\o o\
11,1 g (28,4R)-4-(2-tert-Butoxycarbonylaminoethylcarbamoyloxy)-pyrrolidine-1-carboxylic
acid benzyl ester-2-carboxylic acid and 19,0 g H-Phg-D-Trp-Lys(BOC)-OMe are dissolved in

290 ml THF at RT. 3,32 g HOBt are added and the turbid solution cooled to 0°. A solution of
4 56 ml DICI in 90 m! THF is added. Stirring 24 hours at 0°. Then a solution of 2,2 g sulfuric
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(2S,4R) - 4-(2-tert-Butoxycarbonyl am noet hyl car banoyl oxy) - pyrrol i di ne-1-carbox
ylic acid benzyl ester-2-carboxylic acid and 19,0 g

H Phg-D- Trp- Lys(BOC)- OVe are dissolved in 290 ml THE at AT. 3, 32 HOBt are
added and @ 205OH6 sol ution cooled to 0. A sol ution offCTEPEWIRESHE C i n 90
m THE is added. Stirring 24 hours at Then a solution of 2,2 g sulfuric
WD 2005/ 014624 PCT/ EP2004/ 008850 -9 acid in 22 m water is added at RT, the
slightly opal solution stirred for 15 mnutes and then dropped to 500 mi

wat er. The white suspension is evaporated at 50 until no nore THE

di sti | | edacigrini22rreltwater inpddedat KTs hengigbty epabisalitionistigedior { haninuias andethent | nes
with 80 th

ot al Ty 80°RTee spg R ety WAl B Gt o e L0 i ).
f) H[(25iatipd. zFJ!(rg@@ ithesysrensiongadaEstny obhe residyers: trres WiRdBobyalere O-=< O
L N SN GaciNndh Wi S5 e a4 8ricd 4 fallets i Bl Dring over
Z-[(2S, 4R) - 43&8 c-N O] - Pro-Phg-D Trp-Lys(BCC rf are

di ssol vedigh Q@ h'P'—@I@i Oa(maazﬂ&%mwd/c 10% added. Hydrogenation 4 h at RT.
Then the catal il nd the filtrate added to a m xture of
600 g i cel) Bris4 H°Q/Tﬂf"ééﬁ 8 Htﬁ@&”ﬁf'ﬁ’ﬁf‘%&’ “TPE¥HBPCIGME | tered of f and
washed with water. Dryi at 30 gives a grey solid. HPLC 97,0%b.a. (12,3
m n) . \’_@

Z- Phe- [ ( 2S, 4R) 4- ( Boc- NH- CHZ- CHZ- NH CO-
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22,0 g (12,7 mmol) Z-{(2S,4R)-4-(Boc-NH-CH,-CHy-NH-CO-0))-Pro-Phg-D-Trp-Lys(BOC)-OMe
are dissolved in 220 mi DMF and 4,4 g Pd/C 10% added. Hydrogenation 4 h at RT. Then
the catalyst is filtered off and the filtrate added to a mixture of 600 g ice and 400 ml water.
The precipitated product is filtered off and washed with water. Drying at 30° gives a grey
solid. HPL.C: 97,0% b.a. (12,3 min).

g) Z-Phe-[(25,4R)-4-(Boc-NH-CH;-CH;-NH-C0-0)]-Pro-Phg-D-Trp-Lys(BOC}-OMe

Pl

0
N 0
5 e
HN >0, )\H



-10 5,1 g Z-Phe-OH and 16,5 g

H [ (2S, 4R) - 4- (Boc- NH CH2- CH2- NH- CO- O) ] - Pro- Phg- D- Trp- Lys(BOC) - Owve are

di ssolved in 250 ml THF, 2,29 g HOBT added and the dark solution cooled to
00. 3,1 m DLCl ar e di ssolved in 80 m THF and added to _the reaction m xture

at 00. StivYPPHG'"™2hours at 0. The reaction nixture isP5AtREEPH/8088%0 n
sulfuric acid 10% the precipitated s IOI ds filtered off and ished with

water. After filtration the residue is mxed with 200 ml nethanol and the
suspension filtered off. Drying at 40. HPLC. 97,2%b.a. (21,1 min). h)

H- Phe- 28 4R Boc CH2- CH2- NH:- CO- Pro Ph D- Tr p- Lys(BOC) - Ove) O NH
(- Phe-[(29 ARk Aok s D CLRr s ME O O oI DaTEp: Lrs( 800 - 0

Z- Phe- [(2§;sfbl®)c74>MeB@e:d|§&dﬂ@d2n C5 mNIFHIER,29) ¢ HBIBT-ddaed Bhd the-daysédRGiich- OVE ar e

at R T ofpdbaigr %rpieﬁéiegq@a%gp&%ﬁﬁ I L S

evapor at egtirdhg 249houre at Ofe The fdadtish mixRbe §)adGéttorBo0tmilBulfyic aasmtfwA tﬂé her are
_(Ii_rB(I\)/Epe(ér sprﬁ&plgteci&pefpéf@ogqgg gﬂ%}csheé ?Jrlirqu%lgh%t})erhﬁﬁratlonﬁhe Hagld\(xvg is mixegvI wttrﬁ] 300 m
FMOC- Tyr ( B mt iRetaathdl 26d #8)sudpérison-fiteteCldR - OngndNH-40OHELL: 87,2%RNg-(Bt, Thim)Ly s ( BOC
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h} (H-Phe-[(2S,4R)-4-{Boc-NH-CH;-CH;-NH-CO-0)]-Pro-Phg-D-Trp-Lys(BOC)-OMe)
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8,59 Z-Phe-[(2S,4R}-4-(Boc-NH-CH,-CH,-NH-CO-0)]-Pro-Phg-D-Trp-Lys(BOC)-OMe

are dissolved in 180 ml DMF, 4,25 g Pd/C 10% added and the mixture hydrogenated at RT
for 6 hours. Then the catalyst is filtered off and the filtrate evaporated at 40°. To the residue
{30 g) 600 mi t-butyl methyl ether are dropped at RT , the suspension filtered and the
residue washed with 300 ml TBME. Drying at 40° HPLC 93,1% b.a. (16,6 min).

i) FMOC-Tyr{Bz!)-Phe-[(25,4R)-4-(Boc-NH-CH,-CH,-NH-CO-0}]-Pro-Phg-D-Trp-Lys(BOC)-OMe
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H Phe-[ (2S, 4R) - 4- (Boc- NH- CH2- CH2- NH- CO- O ] - Pr o- Phg- D- Tr p- Lys( BOC) - Ove and
3,1 g FMXC Tyr(BzI) C]—I and 0,86 g HOBT are suspended in 180 m THF and
cool ed down_to O. Li Br are added and then 20 m THF. Then 1,18 m
DICl di ssolWQ&”?sf?lﬁé‘im THF are added and the dark susRSGTSERIMNIL0E8EG od at O
for 2 hours. The cooli'ng bath is removed and stirring continued for 24
hours. Then a solution of 0,65 g sulfuric acid and 6,5 mMl water are added,
then 160 m water. Evaporation at 40, fiItration of t he residue, washing

wth water _ until thelatm-water 8 ? 4,0. The filter cake is
stirred i RofHiheeR 4RoBocNIECHE Gl bkt B10) 'f’P‘LPBQ -Bd k#(BAS-QMesandR | Gashed
\kf)\n t h( %g g‘FMw W(Bﬂ[) OlPayid 0B6af HOBT atevRpéhdet @Y180SHITHRAEEcodidd dovittto £%0
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FMOC- Tyr ( ég R'B‘h%f eadged 35q then@8Jel T Ehen &8 MR EisPlvebineBRGTHE #re- Lys(BOC
?:;\/DCC}'TOr ( @dtﬂéd 400 the dﬂkdlk’u%elnblo?)%tlr\'ed & Oﬂ‘dazr anﬂrs%The cooling bath is removed and Lys(BOC
MG et et B 2 hosts TR S0 g e e Fhant S Ep et Then

8 7 m  Nad#éd]thanl180 mil watdroa\&aporaddeat@f ﬂR‘rétm bhthe reXidusl wustrmg with watet ng at RT
is continu

w thi .t e st AetEt e 85y 28 e 8 an8 i et e reltinndlfel a

sol uti on efispknsionyfi Itauéd and tbe aexidlieiwasBdd with Yanemethaha. Diyinglat B80gives a grey
phase- m x%bgs?ancg @qﬂf%t@/ E% (Egg | acetate. After phase separation the
. 4] e, .

organi ¢ phase th brine and then evaporated. To the

260 - wat o PR AB i elds anfifeck RECHLER RHER Gl or ol bl ot G 1 °

washed thPHe tines with water and dried over night at 40. HPLC 71, 9%
b.a. (28,6 mn).

@)4310 .

13,0 g FMOC-Tyr(Bzl)}-Phe-[(2S,4R)-4-(Boc-NH-CH,-CH-NH-CO-0)}-Pro-Phg-D-Trp-Lys(BOC)-
OMe are suspended in 250 mi THF. 7,3 g LiBr and 75 m| THF are added. Then 8,7 ml
NaOH 1 molar is slowly added at RT within 20 minutes. Stirring at RT is continued for 3

D«W
.

hours, then additional 5 ml NaOH 1 molar are added within the next 15 hours. The final
reaction solution is added to a solution of 1,7 g sulfuric acid in 34 ml water. The resulting 2-
phase-mixture is added to 50 ml ethyl acetate. After phase separation the organic phase is 3
times washed with brine and then evaporated. To the residue are added 25 ml DIF. The
resulting clear DIF-solution is added to 260 ml water. The resulting suspension is filtered and
the filter cake washed three times with water and dried over night at 40°. HPLC 71,9%
b.a2.(28,6 min).
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4- (Chl or o(di phenyl ) net hyl ) benzoyl am nomet hyl pol ystyrene resin P HO NThe
synthesis is carried out in a manually operated 1 L stirred batch reactor
equipped with sintered glass frit under nitrogen. Conmmerci | abl e

am nomet hy WbIEMe2ne resin (30.4 g, 41.07 nmol), pre??gﬁﬁﬁ’aﬁ%gésﬂ DVF,
reacted at RT overnight with a solutiqQrpof 4-(hydroxyl-

di phenyl - met hyl ) benzoic acid (15.0 g, 49 28 nmol, 1.2 equiv.),
hydroxybenzotriazole (HOBT) (7.54 g, 49.28 nmol, 1.2 equiv.) and DI Cl
(12.43 ¢9,_98.57 mol, 2.4 equiv.) in DWVF (140 n1). Sol vent is renoved by
filtrati h the frit under reduced pressure, and the resin is washed
by turns prieparation®s 44Chlvréfiifpring!)methgl)bénzey] Ahinbmetiy) pohistyrbhie/ réddn i N vacuum
at 40 vyields 44.69 g resin. This resin is used as starting material for the
foll owi ng synthesis of the hexapetides. Procedure for the synthesis of the
protected |inear peptide The resi I nked | i near hexapepti des are assenbl ed
manual ly in the CGto N direction [ |t%rat|ve coupling reactions in a
stirred batch reactor equipped vvi“; @ lass frit under nitrogen.

4- (Chl or o(di phenyl ) net hyl ) benzoyl & -lni pol ystyrene resin is used as
starting material and carried thrﬂggh a standard protocol consisting of
repetitive cycles of Na deprotect¥on (20% v/v diethylam ne (DAEM in DW),
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yields 44.69 g resin. This resin is used as starting material for the following synthesis of the
hexapetides.

Procedure for the synthesis of the protected linear peptide

The resin-linked linear hexapeptides are assembled manually in the C-to N direction by
iterative coupling reactions in a stirred batch reactor equipped with sintered glass frit under
nitrogen. 4-(Chloro(diphenyl)methyl)benzoyl aminomethyl polystyrene resin is used as
starting material and carried through a standard protocol consisting of repetitive cycles of
Na- deprotection (20% v/v diethylamine (DAEM) in DMF), repeated washings with DMF and
IPK in turns, and couplings (DIPCI/HOBT, DIEPA und DMF) at RT. In slight modification of
this coupling procedure, special care is taken to minimize racemisation of phenylglycine by
carrying out coupling of this amino acid at 0°. Before cleavage of the completely assembled
protected linear peptide from its resin support, Na-Fmoc protection is removed,

Fmoc-(28,4R)-4-(Boc-NH-CH,-CH,-NH-CO-0)-Pro-OH is synthesized as disclosed in
W002/101192. All other amino acids are commercial available.

Synthesis of H-Tyr(Bzl)-Phe-(2S,4R)-4-(Boc-NH-CH,-CH,-NH-CO-0}-Pro-Phg-D-
Trp(Boc)Lys(Boc)-OH
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Synt hesi s of Fnoc-Lys(Boc)-Oresin ~I 4-(Chl oro(di phenyl) nethyl ) benzoyl
am nonet hyl pol ystyrene resin (20 g, 19.4 mmol ), pretreated with toluene,
is treated for 4 hours with acetyl chloride (7.6 g, 97 mmol) in toluene at
RT. After fYP20050146% the procedure is repeated overni gRCT/EPRWAEMBTr  t he
resinis filtered and washed with toILS,] ne and di chl oronet hane. Coupling is
carried out with a m xture of Fnoc- ?Boc)-C]—I (18.2 g, 38.8 mml; 2
equiv.) and N nethyl norpholine (3.948, 38.8 mmol, 2 equiv.) for 4 hours at
RT. After filtration, the resin is washed with DMF and IPA 3 tinmes in turns
and dried in vacuumto get 26.5 g of :}Klovm' sh Fnoc-Lys(Boc)-Oresin with
a capacity of 0.566 mml/g etermp@? tth noc- net hod). (Lit.
Frnoc- net hod: Mei enhof er, |, g s”P, ; Lanbros, T.J.; Mkofske,
13, 35) b)
i

R C; Chang, C. D. Int. - 19
Resi n O Lys(Boc)-D Trp( Boc) NH CH2- CH2- NH- CO- O) - Pr o- Phe-
S

rROT® Res

4R -d- (¢
Tyr(Bzl)-H Fnoc-Lys(Boc)-Or @TJ ¥ ®wnol) is suspended in DW
and treated with a sol uti o# Md DN/F°(2 ov/v) for 10 minutes at RT.
After being filtered, the procedu epeat gg\and t hen washed with DWW
and IPA 3 tines in turns, followeo y 37tines V\m&EPngs with DVF. This
procedure of Na- Fnoc- deprot ection and washi ngs repeated after each
coupling step. Coupling is carried out with a m?{ure of am no acid, HOBT

and DICI which is stirred 30 mnutes at RT, and then added to the resin at
once. CouIVRes's oLoMPEFhEOUMP TS tonpl etion, i.e. until conplete
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are sequesttRTalaktyr fiatidheMe procedure is repeated overnight, thereafter, the resin is filtered and
washed with toluene and dichloromethane. Coupling is carried out with a mixture of Fmoc-
Lys(Boc)-OH (18.2 g, 38.8 mmol; 2 equiv.) and N-methylmorphoiine (3.94g, 38.8 mmol, 2
equiv.) for 4 hours at RT. After filtration, the resin is washed with DMF and IPA 3 times in
turns and dried in vacuum to get 26.5 g of a yellowish Fmoc-Lys(Boc¢)-O-resin with a
capacity of 0.566 mmol/g (determined with the Fmoc-method).
(Lit. Fmoc-method: Meienhofer, J.; Waki, M; Heimer, E.P.; Lambros, T.J.; Makofske, R.C.;
Chang, C. D. Int. J. Pep. Prot. Res. 1979, 13, 35)
b) Resin-O-Lys{Boc)-D-Trp(Boc)-Phg-(2S,4R)-4-(Boc-NH-CH,-CH-NH-CO-0)-Pro-Phe-
Tyr(Bzl)-H
Fmoc-Lys(Boc)-O-resin (28.0 g, 19.96‘mmol) is suspended in DMF and treated with a
solution of DAEM in DMF (20% v/v) for 10 minutes at RT. After being filtered, the procedure
is repeated and then washed with DMF and IPA 3 times in turns, followed by 3 times
washings with DMF. This procedure of Na- Fmoc- deprotection and washings is repeated
after each coupling step.
Coupling is carried out with a mixture of amino acid, HOBT and DIC! which is stirred 30
minutes at RT, and then added to the resin at once. Coupling is continued until completion,
i.e. until complete disappearance of residual amino groups is monitored by negative “Kaiser”
Ninhydrin test. After being coupled, the resin is washed 5 times with DMF, and is then ready
for Fmoc-protection.
The following amino acid-derivatives are sequentially coupled:
Fmoc-D-Trp(Boc)-OH (16.81 g, 31.92 mmol, 2 equiv.}), DIF (100 ml), HOBT (4.93 g, 32.24
mmol, 2.02 equiv.), DICI (5.35 g, 42.45 mmol, 2.68 equiv.).



Frmoc-D- Trp(Boc)-OH (16.81 g, 31.92 nmol, 2 equiv.), DIF (100 m), HOBT (4.93
g, 32.24 mol, 2.02 equiv.), DIC (5.35 g. 42.45 mmol, 2.66 equiv.). WO
2005/ 014624 PCT/ EP2004/ 008850 -14 Fnoc-Phg-OH (11.92 g, 31.92 mol, 2
equiv.), THE (270 m), HOBT (4.93 g, 32.24 mol, 2.02 equiv.), DICl (5.35 g,

42. 45 ol W9 245044 Special care is taken to nini MCTEP24040880sati on of

phenyl gl yci ne by carryl ng out coupling of this amno acid at 0 C

Fnoc- (2S, 4R) 4( Boc- NH CH2- CH2- NH CO- OF ro- OH (17.26 g, 31.92 mmol, 2
equiv.), DIF (2100 m), HOBT (4.93 g, 32.24 mmol, 2.02 equiv.), DICI (5.35
g, 42.45 mmol, 2.66 equiv.). Fnoc-Phe-OH (12.36 g, 31.92 mmol, 2 equiv.),
D F (100 ﬁmm-PHgmH (1.9, $1.922nidl, m&qduy) THMZOGWH(DB)T 4”@ 32543151'@ 42. 45
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resin in 6néégﬁﬁ§zﬁﬂﬁl %V%?’\}?é "im e??@ r'{%m %%g age g?'%lhe | i near
geR;)t |4£j(er2 :OII\TIBI—?-N“S) _|Dda@|| (55 %@pﬁ.ﬁﬁimri:bl:rzlzl)ﬁﬁ aglwzl_}r Phe (2S, ) Vet hod
with Ac r&q&Eﬁﬁﬂ%ﬁ@%"lﬁ@\ﬂggﬁmﬁ%ﬂ%n)pp({_fB@ﬁb hﬁg@%ﬁr (4?§& cg)?)éyét ed |inear
pepti de rmsih202lensiyBAd)CI [3.35 g(4£2045 mibl) 2.66 equiv.).

(2S, 4R) - 4- (Boc- NH CH2- CH2- NH- CO- O) - Pro- Phe-Tyr (Bzl )-H (24.5 g) is suspended
in a m xtBeferecieavagt-ifCh Giraplet2ly a45¢miBedprlecied litddpeptide faord its résim sgpbrdir one

h t 2 i ' ated t
dryness, Emiop pEAEHoR RtHBILL) ¥l HorEh wirl dRolhort SEb/eu i SUPRBIR! °F 1 ©
hept ane 7v¥/@ for 10, minules at Bd. Aftar beingdderetl rihe progedure js repeatenarchwashied aviths

obt ai ned; Dﬂg'a §1BA 3 Yhoe 't HPLﬁllm&bypé&Tést%hngﬁ%tﬁ mpPLC and 2. 5%

(F)-HPLC D- gl mer e resin oro enyl ) met hyl ) benzoyl
am nonet h@fy!rﬂﬁwf)l & (AsiYiB vaeuThat 40° \éﬁ’i@cveBOWfﬁh fesi®)wi t h et hanol and dri ed

and coul d, @eéﬁﬁ@fj{he ma,yg‘gmc},dm ftJ‘regn"%%gor@nd MeOH The conpl etely
assen| edH-eryz(')(th)Clt:’I?e-(zsl SR - (Boe NH-CH L NH-CO-0) Pro-F gD T Boc) Ly Bea) OH
Ca) Method with AcCOH/CH,Cl,/H,O 45/45/5 viviv
The completely assembled protected linear peptide resin-O-Lys(Boc)-D-Trp{Boc)-Phg-
(28,4R)-4-(Boc-NH-CH;-CH,-NH-CO-0)-Pro-Phe-Tyr(Bzl)-H (24.5 g)
is suspended in a mixture of ACOH/CH,CI/H.0 45/45/5 viviv (150 ml) and stirred for one
hour at RT, filtered and washed with CH,Cl,. The filtrate is evaporated to dryness, the
residue is stirred for one hour with a mixture of TBME and heptane 7/3 v/v, filtered and dried
in vacuum. A yellowish solid is obtained; content: 93.5 % HPLC g/g; purity 91.6 % (F)-HPLC
and 2.5% (F)-HPLC D-Phg-Epimer.
The resin (4-{Chloro(diphenyl)methyl)benzoyl aminomethy! polystyrene resin) is washed 3
tfimes with methanol and dried and could be reused.
Cb) Method with CH,C!; and MeOH
The completely assembled protected linear peptide resin-O-Lys(Boc)-D-Trp(Boc)-Phg-
(2S,4R)-4-(Boc-NH-CH,-CH2-NH-CO-0)-Pro-Phe-Tyr(Bzl)-H (6.2 g) is suspended in a
mixture of CH,Cl,/MeOH 1/ 1 v/v (115 ml) and stirred for 3 days at RT, filtered and washed
with CH,Cl,. The filtrate is evaporated to dryness, the residue is stirred for one hour with a
mixture of TBME and heptane 7/3 viv (60 ml), filtered and dried in vacuum. Content: 93.5 %

HPLC g/g; purity 92.6 % (F)-HPLC and 1.1% (F)-HPLC D-Phg-Epimer.



(2S,4R) - 4- (Boc- NH CH2- CHr NH- CO- O) - Pro- Phe-Tyr (Bzl )-H (6.2 g) is suspended in
a mxture of CH2Cl 2/ MeOH 111 v/v (115 m) and stirred for 3 days at RT,
filtered and washed wth CH2CI 2. The filtrate is evaporated to dryness, the
residue is sbirr d for one hour with a mxture of TBME and heptane 7/3 v/v
(60 m), fiVPBFYAY dried in vacuum Content: 93.5 % W@zﬂﬁﬂ?ssﬂhri ty
92.6 % (F)-HPLC and 1.1 % (F)-HPLC DPhlg Epi mer. WD 2005/ 014624

PCT/ EP2004/ 008850 -15 The resin (4-(Chlforo(di phenyl ) net hyl ) benzoyl

am nonet hyl pol ystyrene resin) is washed 3 tinmes with nmethanol and dried
and could be reused. Cc) Method with ethyl nethyl ketone/ MeOH The

conpl et el JhessiarttilCblofpidiphanylmethylirearoybarpinpaethyl polystyrene resin) is washed 3

resin-O Lﬁrﬁéﬁ%}) m&h-gﬁ&(aﬁeﬁ}lef Bt could be reused
(2S, 4R) - 4- (Boc- O - Pro-Phe-Tyr(Bzl)-H (4.0 g) is suspended in

a m xt ur eCefM %ﬁh@q'ﬂ% etﬁﬁ&'ﬁ%‘hﬂl‘é@@ﬁﬂé‘“ﬁ@“l v/iv (24 m) and stirred for 15 hours
at 50 C n‘ﬁé b&rﬁdlé%@ly%B%ﬂ@é&‘%té&tédhmé@géptld%saﬁid L*]s%a@c NRTRBRYFRREd to

dryness, the residue is stirred m xture of TBME and

hept ane 79 3 ARNA-Boe-NH- SJHzMQQ %)rﬂotf’rhieérd’r(ﬁﬁl)‘”\/(é@&)m Content: 88.1 % HPLC
9/ g; puri isxsu%nae&/m(a%mhﬂ?ésf @&ﬁyllnéiﬂﬂ k&bné"ﬁ—ﬁ@(ﬂhﬁn aBPSHFRId forl PEhERS bin

(4 (Chloro ) et h benzo am nonet hyl styrene resin) is washed
tines Qé%ﬁﬂ@rpﬁgﬁgwa 'Xﬁiz‘ﬁ’m M? dhe firete "b%"arpé to"dn(fiess; thefasiiye isor
@al yt It caéurn@fmmT?‘mUhmﬂ & ﬁmurerb]?wsmé%d\mp@n@mnﬂv nlil)’ rﬁ’&ee ?h@ BRé@r aphy.
aracterizatio e a.an | e
RP- chr omaYYHEpHonteat: @%F}?f? FEL& 9&! pF’Ang‘ig'y FIC_)%' hg (l:bfé@&) in ppm
1.16, 1.34pimér.55, 1.61 (3H), 1.66, 2.05, 2.20, 251 283(2H) .91, 2.96,
2.98, 3.0 6,74, 6.83, .6.88 H, 7.01
(21-1), %'191’96@3(6‘ é"“%@‘d' eﬂ.‘é"’t‘%‘ﬁ?;”e'?z%éam*?°r'?2‘1‘5”8°°b’fty’%‘ez’§5'h)8? &@Fh‘?é %2, .
8.75.) Thimeswittomathado!@od kirigdiasd cauid besredsdder m ned by am no acid anal ysi s:
t he corrpo‘:;Qrﬂr Ja(s hydr ol yzed under acidic conditions, converted to
derivatives SAEt he configuration of the each individual amno acid is
assi gned Byr apaigtidal perpbssastthe naga peptides watequritigrhlyy BRehioceitographyi zat i on mass
spectromep f’X cﬁ%‘tr&onal proof of structure is the conversion of the
di fferent "I'T'near peptides to well characterized cyclic peptide.
The structure of a analytical sample purified by RP-chromatography is confirmed by FAB-

MS, LC-MS and NMR-data {DMSO in ppm, 1.16, 1.34, 1.55, 1.81 (3H), 1.68, 2.05, 2.20,
2.51, 2.83 (2H),2.91, 2.96, 2.98, 3.02, 3.41, 3.78, 4.13, 4.61, 5.13, 5.51, 6.74, 6.83, 6.88
(2H), 7.01 (2H), 7.11 (2H),7.38, 7.42 (2R), 7.49, 7.72, 8.01, 8.29, 8.48, 8.62, 8.75.)

The amino acid configuration is determined by amino acid analysis: the compound is
hydrolyzed under acidic conditions, converted to derivatives and the configuration of the
each individual amino acid is assigned by enantioselective gas chromatography/chemical
ionization mass spectrometry.

Additional proof of structure is the conversion of the different linear peptides to weli
characterized cyclic peptide.

The following compounds were synthesized according to the described procedure.
H-Lys(Boc)-Tyr{Bzl}-Phe-(2S,4R)-4-(Boc-NH-CH,-CH>-NH-CO-0)-Pro-Phg-D-Trp(Boc)-OH
H-Lys(Boc)-Tyr(Bzl)-Phe-{2S,4R}-4-(Boc-NH-CH;-CH2-NH-CO-0)-Pro-Phg-D-Trp-OH;
H-(2S,4R)-4-(Boc-NH-CH,-CHzNH-CO-0}-Pro-Phg-D-Trp(Boc)-Lys(Boc)-Tyr(Bzl)-Phe-OH;
H-Phe-(28,4R)-4-(Boc-NH-CH,-CH~NH-CO-0)-Phg-D-Trp(Boc)-Lys(Boc)-Try(Bzl)-OH;
H-Tyr(Bzl)-Phe-(2S,4R)-4-(Boc-NH-CH,-CH;-NH-CO-0)-Pro-DPhg-D Trp(Boc)-Lys{Boc)-OH

Example 3: Cyclisation of the linear protected peptides to synthesize



The foll ow ng conmpounds were synthesized according to the descri bed
procedure. H Lys(Boc)-Tyr(Bzl)-Phe-(2S, 4R)-4-(Boc- NH CHZ- CHZ- N

H CO- 0) - Pro- Phg-D- Trp(Boc)-OH, H Lys(Boc)-Tyr(Bzl)-Phe-(2S, 4R) - 4- (Boc-N

H CHZ-CHrNH-CO- O ) - Pro- Phg-D-Trp-OH;,  H-(2S, 4R) - 4- (Boc- NH- CHr CHr N

H CO- O) - Pr o¥BresM814624( Boc) - Lys( Boc) - Tyr ( Bz) - Phe- OH; PCT/EP2004/008850

H Phe- ( 2S, 4R) - 4- ( Boc- NH- CHZ- CHZ- N H-CO%))_ Phg- D- Tr p(Boc) - Lys(Boc) - Try(Bzl )-0O
H, H Tyr(Bzl )-Phe-(2S, 4R)-4-(Boc-N

H CHZ- CHr NH- CO- O) - Pr o- DPhg- DTr p(Boc) - Lys(Boc)-O H Exanple 3: Cyclisation of
the linear protected ptides to synthesize WO 2005/ 014624 PCT/ EP2004/ 008850
116 Oycl oPy@el(@RfRId-(BoNK-GHeS HpNH-G-O)Pro-Phg-D-Trp(Boc)-Lys(Boc)-Tyr(Bz)-

H CO O - Pﬁﬁerhg DTrp(Boc) Lys(Boc)-Tyr(Bzl)- Phe-] I~r~1Ipl, N Ofl
C/ | NA | ~ Cyclisation of

H Phe- (2S, 4R) - 4- (Boc NH- CH2- CH2- NH- CO- O) - Pr o- Phg- D- Tr p( Boc) - Lys( Boc) -
Tyr(Bzl)-OH Azi de-nmethod For cyclisatiqp, the linear fragnent (2.5 g, 1.83
mmol) is dissolved in DM (391 m), cdplgd to , treated with EDI PA (0. 47

g, 3.66 mmol, 2 equiv.) and DPPA (0.75>¢ 2.75 l, 1.5 equv.), and
stirred at that terrpera urge unti | COHFJ &t i o 2g/h) Water (391 m) is
added dropwi se to the W u h preC| itation is filtered and
washed with water until azi t €ct 4.9 g, of water wet white
solid (Rf of HPLC identical to reb rertce%\mﬁb/gb/t@ ed] which is used in the
deprotection reaction wi thout furt at i onb conpound is
characterized by direct conpariso i t h\a’r ef erence compound by HPLC.

Cyclisation of H Tyr(Bzl)-Phe-(2S:4R) - 4- CH2- CH2- NH- CO- O) - Pr o- Phg- D
Trp(Boc)Lys(Boc)-0OH a) HBTU net hod a %
Cyclisation of H-Phe-(28,4R)-4-(Boc-NH-CH,-CH,-NH-CO-0)-Pro-Phg-D-Trp(Boc)-Lys(Boc)-
Tyr(Bz})-OH
Azide-method
For cyclisation, the linear fragment (2.5 g, 1.83 mmol) is dissolved in DMF (391 mi), cooled
to -5°, treated with EDIPA (0.47 g, 3.66 mmol, 2 equiv.) and DPPA (0.75 g, 2.75 mmol, 1.5
equv.), and stirred at that temperature until completion (app. 20 h). Water (391 ml) is added
dropwise to the reaction mixture, the precipitation is filtered and washed with water until no
azide is detectable. 4.9 g of water wet white solid (Rf of HPLC identical to reference) is
obtained, which is used in the deprotection reaction without further purification. The
compound is characterized by direct comparison with a reference compound by HPLC.

Cyclisation of H-Tyr(Bzl)-Phe-{28,4R)-4-(Boc-NH-CH-CHy-NH-CO-0)-Pro-Phg-D-
Trp(Boc)Lys(Boc)-OH

a) HBTU method a

For cyclization the linear fragment (6.0g, 3.5 mmol) is dissolved in DMF (780 ml), cooled to
-5°, treated with EDIPA (1.13 g, 8.75 mmol, 2.5 equiv.), HOBT (1.18 g, 8.75 mmol, 2.5
equiv.), HBTU (3.3 g, 8.78 mmol, 2.5 equiv.) and stirred at that temperature until completion
(app. 2 h). Water (391 ml) is added drop wise to the reaction mixture at RT, the precipitation
is filtered and washed with water and heptane and dried in vacuum overnight. 5.4 g white,
yellow solid is obtained. The compound is characterized by direct comparison with a
reference compound by HPLC. Content 55% w/w HPLC, purity 78 (A%)-HPLC.

b) HBTU method b

For cyclisation, the linear fragment (6.0 g, 4.16 mmal) is dissolved in DMF {60 ml) and is
dropped into a mixture of HOBT (4.15 g, 10.4 mmol, 2.5 equiv.), HBTU (4.15 g, 10.4 mmol,



For cyclization the linear fragnent (6.0g, 3.5 mml) is dissolved in DV
(780 m), cooled to -5, treated with EDIPA (1.13 g, 8.75 nmmol, 2.5 equiv.),
HOBT (1.18 g, 8.75 mmol, 2.5 equiv.), HBTU (3.3 g, 8.78 nmol, 2.5 equivVv.)
and stirred at that tenperature until conpletion (app . \Water (391 m )
i s added dMIEp20M$/Bl620 the reaction mxture at RT, the pF%’E’F%ﬂ“P“A@PﬁH
filtered and washed with water and heptﬁne and dr| ed i n vacuum over ni ght
5.4 g white, vyellowsolid is obtained. ' The conpound is characterized by
direct comparison with a reference conpound by HPLC. Content 55% w w HPLC,
purity 78 &A% HPLC. b) HBTU nethod b For cyclisation, the |inear fragnment
(6.0 g, 42 gaviv pnd EBIFA <4919, 48.4immehg-5 egaiv r)DMﬁdH%ml)atoép@mstnmaé
XLt et Ehile lbrd ot el BB, 2 3, R by HEILY (ihobisate 10 4 D! O
2005/014624 P /EP2004/ 008850 uiv. (1. 41 g, 10.4 mml
2.5 equi Viegetion niixire(at 5, the)pragipitation ﬁrﬁ'ﬂe@gﬁﬁ‘i’ é’és%d W’?‘H’éﬁtert%\ﬁ’ﬁ@%ﬁnﬁraé unt i |
conpl et O&Ieﬁqupacuammvern\%ftQt(wﬁr@9e|l6h)soh§1s%‘3%ddfﬁ§)wr§;ﬁmh@ xsté?\%radi@r%&' on

m xture at RT, the precipitation’is filtered and wa wat er and
hept ane a%P'reG"rqo@EPaf'?P A QI@WO@TPP”“W’X/\HH% C%f‘é?r]t 3\7\//"5”%“’ HPLS PyBYai ned.

The conpoging Igaqpq_rmr acterized by direct conparison with a reference
compound by HPLC. Content 77%w w HPLC, purity 84 (A%-HPLC. The follow ng

| inear peTid fRswinf IMeayseptiaesiarertyaRe@intRoa8aetvithabove preanssiur e:
S0 TR o 1 A fa R0l 2 o 553 Bl Pl © TP

LF I(-leg ( ABf%?)I»LVS{B(JBZITy} (BRNEHE 255 4R)-44B ddE08-ONi3-CBH NHHIOSHO 8y dPhdRDOF PR D- Tr p- OH

H2- CH2- NH @%ﬁ"‘bﬁ"‘ﬁﬁa G A S0 P)r B raRg O P (Bag ) bysiing)-Tyi(Bz)-Phe-OH
: ?hei é 2 S #Rp-(2S,6 Bps-{Bit-NHGHFOH MHODO-0)-PRP- DipBae|-BrstBed)yTsy(Bai-OHT T vy ( Bzl ) - OH
yr ( Bz

o oo e R A BRI e N L PR PO PRS RTIRIBS L YSPRNRU of

Cycl o[ (2S, 4R) - 4- (Boc- NH- CH2- CH2- NH- CO- O) - Pro- Phg- D- Tr p- Lys- Tyr (Bzl ) - Phe-]
trifluorogeoliiS 28y atnsds or dyciizs b B ebeNHEHY BHyNHIC S ) Pro-FRgD-Tp T P

Lys-Tyr(Bzl)-Phe-] trifluoroacetic acid salt

0 0 n NH
NL%l//\/\/\NHz
H o
o 2 CF,COOH

For complete deprotection, the residue (1.5 g, 0.79 mmo) is dissolved at 0° in TFA/H,0 95:5
(8.3 mi), and the mixture is stirred in the coid for 30 minutes. The cold reaction mixture is
dropped into a mixture of TBME (29 ml) and heptane (13 ml) at RT, and stirred for 2 hours.
The precipitation is filtered, washed with TBME/heptane 1:1 (v/v) and dried in vacuum. A
beige solid is obtained, content 53% w/w HPLC, purity: 79 (A%)-HPLC.



N N211 NH2 0 O I \ 2 CF3000H For conplete deprotection, the residue (1.5
g, 0.79 mo) is dissolved at 0 in TFAIH20 95:5 (8.3 m), and the mxture is
stirred in the cold for 30 mnutes. The cold reaction m xture is dropped
into a mxture of TBVME (29 m) and he%ane (13 mM) at RT, and stirred for 2
hours. The precipitation is filtered, "washed with TBVE heptane 1:1 (v/v)
and dried in vacuum A beige solid is obtained, content 53% w w HPLC,
purity: 79 (A% -HPLC. 18- CLAIMS 1. A process for producing a conpound of
formulal O HN2NHR NO. | HO3 O N OOHINHHN HNH, 0 Rz
wherein R is -C24al kyl ene- NR3R4, - C2%al kyl ene-guani di ne or-

C2s%al kyl - wherein each of R3 and R4 independently is H, Cl.4alkyl,
w- hydr oxy* | kyl ene or acyl or R3 and R4 form together with the nitrogen
atomto which they are attached a heterocyclic group which may conprise a

further heter0ato and R2 is Z -CHZ- -CH2-CO- O CH2-R5, OCH2 RS /-\ OH
or r ce%fqrgrqsﬁglpggcgmoﬁgi c!f?gd onal ly substituted phenyl, or a

salt thereof,

wherein

R, is —C,alkylene-NR;R,, -C,alkylene—guanidine or- C, salkylene-COOH wherein each of
R, and R, independently is H, C,.4alkyl, o-hydroxy-C,alkylene or acyl or R; and R, form
together with the nitrogen atom to which they are attached a heterocyclic group which
may comprise a further heteroatom, and

R; is Z;-CHxRs, —CHx-CO-O-CH2-Rs,

. ‘Q—o-c H,R, : OH
or

CH,R,

wherein Z; is O or S and R; is optionally substituted phenyl,
or a salt thereof,
comprising cyclizing a linear somatostatin analogue of formula Il

H2N~IH-CO-Phe-{4-(R1-NHCO-O)-Pro}-(D or LIPhg-DTp(R,, Fys(4-NHR,}-OH Il

Hz'Rz

wherein R, and R; are as defined above,

each of Ry and Ry, , independently, is an amino protecting group

whereby when R, comprises a terminal NH;, this terminal NH; is also protected by an amino
protecting group, |

and where required remaving the protecting group(s),

and recovering a compound of formula | thus obtained in free form or in salt form.



conprising cyclizing a |inear somatostatin anal ogue of formula I

H2N- GH CO Phe- (4- (R, -NHCO- O - Pro) - (D or L)Phg-DTrp(R" )-Lys(4-NHR72)-CH ||
IICHZ.R2 wherein R, and R2 are as defined above, each of R' and R12,

i ndependently, is an am no protecting 1%r_oup wher eby when R, conprises a
termnal NH2, this terminal NH2 is also protected by an am no protecting
group, and where required renoving the protecting group(s), and recovering a
conpound of forrmula | thus obtained in free formor in salt form -19- 2. A
process according to claiml conprising cyclizing a linear somatostatin

anal ogue of fornmula Il H2NL1H CO Phe- (4- (Rl - NHCO O) - Pro} (D or L) Phg-DTrp(R"
)-Lys(4-NHR12)-OH Il CH2-R2 wherein R, is -CHZ-CH2-NR3R,, R2 is

4- benzyl oxy- phenyl, and R3, R4, R11l and R12 are as defined in claim1,

wher eby vthen ARrocessaceosdisg o digimni comhprising cydlibing atlinearisomatdstdtininnaledueof

pr ot ect eq Wlaalrll am no protecting group, and where required renoving the
protecti n% d’roup(s), and recovering a conpound of fornmula | thus obtained in
free formor In salt formwherein R is -CH2-CH2-NR3R4 and R2 is

4-benzyl oy e £ | Iy ) g

ren: 11 oo B ??ﬂ@ﬁiﬁwgﬁ’gﬂf@fgﬁﬁ W@ﬁ%’-’[ﬁ'ﬁ‘ﬁ(‘ﬁ“ﬂ)’ By s NHR72) - OH 11
CH2- R2 where 0 gs and R2 are as defined in claim1, each of R' and R12,

i ndependent | ¥,2 an am no protecting group whereby when R, conprises a

term nal JMdfein RNsScHECH : | t ]
protectin gr"g)_ufo,s_ or Tﬂ%ﬁ'\lﬁﬁ'g ¢ h %\Bﬁ% rghﬁdﬁa.g%. Eﬁraﬁlqudza#PF%gccor di ng
to cl ai mdefipgddpslaim®, is - CH2- CH2- NRBR4, R2 is 4- benzyl oxy-phenyl and each
of RL1 angheRehgwHel $€ REMERLS!/termiRalNH, s NG id fecied b %%ﬁﬁgy when
R, conprises & ter m nal HNHZ, tm"s term nal NH2 mﬁy a S%B e prgt ected by an
: protecting group,
and where required removing the protecting group(s),
and recovering a compound of formula | thus obtained in free form or in salt form wherein R,

is —CH-CH;-NR3R, and R, is 4-benzyloxy-phenyl.
3. Acompound of formula Il

HzN-TH-CO-Phe-{4-(R1-NHCO-O)—Pro}-(D or L)Phg-DTp(R,, }-Lys(4-NHR,,)-OH I

CH,-R,
wherein R, and R; are as defined in claim 1,
each of Ry, and Ry, independently, is an amino protecting group
whereby when R, comprises a terminal NH,, this terminal NH; may also be protected by an
amino protecting group,
or a salt thereof.

4. A compound of formula | according to claim 3 wherein R, is -CH-CH-NR4R4, R;is 4-
benzyloxy-phenyl and each of Ry, and R, independently, is an amino protecting group,
whereby when R, comprises a terminal NH,, this terminal NH, may also be protected by an
amino protecting group, or a salt thereof.

5. A compound of formula Il according to claim 3 which is selected from H-Tyr(Bzl)-Phe-
{28,4R)-4-(Boc-NH-CH,-CH,-NH-CO-0)-Pro-DPhg-DTrp(Boc)-Lys(Boc)-OH,
H-Tyr(Bzl)-Phe-(2S,4R)-4-(Boc-NH-CH,-CH,-NH-CO-0)-Pro-Phg-DTrp-Lys{Boc)-OH and



am no protecting group, or a salt thereof. 5. A conpound of fornula Il
according to claim3 which is selected fromH Tyr(Bzl) - Phe-

(2S,4R) - 4- (Boc- NH CH2- CH2- NH CO- O) - Pr o- DPhg- DTr p( Boc) - Lys( Boc) - CH,

H;. Tyr (Bzl ) - Phe- (2S, 4R) - 4- ( Boc- NH- CH2- SFZ NH- CO- O) - Pr o- Phg- DTr p- Lys(Boc) - OH
and - 20-

H Tyr (Bzl ) - Phe- (2S, 4R) - 4- ( Boc- NH CH2- CHr NH- CO- O) - Pr o- Phg- D- Tr p(Boc) Lys( Boc) -
OH or a salt thereof. 6. A process for the production of a conpound of
formula Il as defined in claim3, conprising |linking together by an am de
bond two peptide units, each of themcontaining at |east one anmno acid in

pr ot ect eql_ t r )il y yay that
Pr O 2CL ey A USSR BN GHNHRSD BEPHODIT oL 38R0 1 o) ¢
where re@t&¥reddnoving at | east one protecting group, and recoveri ng a

conmpound of fornula Il thus obtained in free formor in salt form 7. A
process according to claim1 or 2, wherein the conpound of formula I is

cyclo [{0a- furpacessfer e Rresiugfiomeis camppupsphiorpya ﬁy"'ﬁ@&ﬁ@é’riﬂﬂa)m Bhe] .

comprising linking together by an amide bond two peptide units, each of them containing at
least one amino acid in protected or unprotected form, wherein the amide bond is in such a
way that the desired amino acid sequence as defined in formula |l is obtained,

and where required removing at least one protecting group,

and recovering a compound of formula !l thus obtained in free form or in salt form.

7. A process according o claim 1 or 2, wherein the compound of formula | is cyclo [{(4-
NH;-C,H-NH-CO-0)-Pro}-Phg-DTrp-Lys-Tyr(4-Benzyl)-Phe].



