W06/ 40751 PCT/ EP96/ 02392

1 ‘ NOVEL DOLASTATI N DERI VATI VES, THEI R PREPARATI ON AND USE
Descri ption 5 It i;s known that peptides isolated from mar
origin like Dol astatin-10 (US 4, 816, 444) and Dol astatin-1
(EP- A- w0 96/407808558) show potent cell growth inhibi t OPGT/EPISI02392 vy
(cf.: Bi ochem Pharmacol ogy 40, no. 8, 1859-64, 1990); J.

Nat | . Cancer Inst. 85, 483-88, 1993 and references cited

10 therein). Based upon interesting resul tls in experimental

tunmor systenms in vivo, further preclinical evaluation of
t hese natural pr oduc tNOVELs DOLASTERIN DERIVABIVES o THEIR BREPARATION AND USE

initiate clinical studies in cancer patients. However, the
nat ural products h@eecdiptidmnt ages, such as 15 poor solubility
i n aqueous solvents and costly building bl ocks needed for
synthesis. 5 It is krpwn ithagnpephides ckaalagedcfrom maninedorigineclike
pepti des and Dolastatimhaili (88 ¢e816 hMit4orndhDohastdtin 15 (EPea-

t her apeutic 398558) ghwmepotentf cell lgratbainkbibitdrmneisdtivc(ct. :
di seases as Bdochem c haamadologPot Gistnt.i - 1585%1H4 hai39ne, Tt hatl.
conpounds of Cancer Insthi 85i,n¢83tB®n IAH3 Badcreferenges witedt hesi zed
as described0 therein). iBased: upbnpintgpyresting results in exppyimemstalf

this invention inckunier eyxstemseini ddgoof furtther preckinical feyajubtiion of
Rl err] R[ er r] N- CHX- €hege BauFal( pypducts Kis currently under way in order |to

wher e - 30 initiate climienl] studies inscancey|patdentis. or i sopropyl ;
Rl err] I s hyHeoweeer, yxlatunal ep¥aducts have 3kisadvamteges, Nsiileras]

toget her maySbhe a pgor csdlubiiidtyi 4g; aqueous solvents and costly building yl,

i sol eucyl, |eucyl, bRetks tneeded for synthesis. butyl gl ycyl, 2-

et hyl gl ycyl nor | eurhgl inwvention described herein promniasalqdverlepeputdes and
40 Bderivativess thekieaft wiyich differ impxoved therapeutit,
potential for the treatment of neoplastic diseases as
20 compared to Dolastatin-15. Furthermore, the compounds of
this invention may be conveniently synthesized as described
in detail below.

Compounds of this invention include novel peptides of the

25 formula I
R1R2N-CHX-CO-A-B=D~E=-(F)¢t~K I
where

30

R1 is methyl, ethyl, or isopropyl:;
R2 is hydrogen, methyl, or ethyl;

- 35 R1-N-R2 together may be a pyrrollidine ring;
A’ ‘is_a valyl, isoleucyl, leucyl, 2-tert-

butylglycyl, 2- ethylglycyl, norleucyl or
norvalyl residue;

40 )
B is a N-methyl-valyl, -leucyl, -isoleucyl,
-norvalyl, -norleucyl -2-tert-butylglycyl,
. -3-tert-butylalanyl, or -2-ethylglycyl residue;
45 D is a 3,4-dehydroprolyl, 4-fluoroprolyl,

'4,4-difluoroprolyl, azetidine-2-carbonyl,



-norval yl, -norleucyl -2-tert-butyl gl ycyl, -3-tert-butylalanyl, or
-2-ethyl gl ycyl residue; 45 D I's a 3,4-dehydroprolyl,

4-f | 4, 4-di fl uoroprolyl,

azet rbonyl , WO 96/ 40751

PCT/ WO 96140751 : 2 PCT/EPI6/2392
3-ne , ? rreWﬁyl prolyl, or 5-nethyl- prol yl
resi pe; E is a prolyl; honmoprolyl, hydroxyprolyl or 5
t hi azol i di ne-4-carbonyl residue; P is a valyl,
2-tert-butylglycyl, isoleucyl, ' | eucyl,

2-cycl ohexyl gl ycyl, norleucyls-methylprolyl, 4-methylpfbifl)Ylor s-methyl-
neopentyl gl ycyl, alanyl, [erigrolyanyesiaie;0
am noi sobut yroyl residue; X is al kyl (preferably
Clerr]), cyclopropyk, or is a prolyl, homoprylyDpehydtoxypkolyl of
is 0 or 1; an®l K  thiazolidinekércarbpngierédidue{ err]), benzyl oxy
or a substituted or unsubstituted am no noiety; 20
and the salts thergof with pmsshobagjrpﬁli-yte&el-sa@gryiﬁﬂqsisoleucy , This
i nvention also provides nethgdacy?] PSRAchestyldBreyl, norlef Qynd]é of
formula I, pharmaceutical coppe¢alyD)Sneopentylgt9eye) rgmygy'c -a9 INgs
together w tioa pharnaceuti camifioisobutyroyiCeesfdies carri er and nethods for
using sane for treating 25 cancer in mammal s. Specifically, K
may be C[err]-al koxy, benzyl ayairxMl gsrdferably c,-5) NefEEdgdogiiky
“NH-C(CH err]Y[err] ON, -NI—I-C(,QEI[ng_E,C%{@’I]CCH, Y Cas) Wit RépzorlY br
-NH-C(CH err])[err]C=CH err], -N err])[err]CHerr]CH err] OH, -NH C(
CHerr]){errqcH errd OH, 30 4 £er, cycl oal kyl , :
-NH-[ 3, 3, 0] - bi cycl cﬁoct yl, no%gpgﬁﬁ' ais nor pseudoephedryl
-NHquinolyl, -N+gyrazyl, igs alkoxy (preferably C;.4), benzyloxy or a
substituted or unsubstituted amino moiety;

20 and the salts thereof with physiologically tolerated acids.
This invention also provides methods for preparing the
compounds of formula I, pharmaceutical compositions
containing such compounds together with a pharmaceutically
acceptable carrier and methods for using same for treating

25 cancer in mammals. '

Specifically, K may be C;-4-alkoxy, benzyloxy, -NH;,
-NH-C;-12-alkyl, -NH-C(CH3;)CN, -NH-C(CH3),CCH,

. ~NH-C(CHj3)2C=CH;, -NH-C(CHj),CH,CH,0H, -NHE-C(CHj)2CH,0H,

30 -NH-C3.g-cycloalkyl, -NH-[3,3,0]-bicyclooctyl, norephedryl,
norpseudoephedryl, -NH-quinolyl, -NE-pyrazyl,
-NH-CH;-benzimidazolyl, -NH-adamantyl, -NH-CHz-adamantyl,
~NH-CH(CH3)-phenyl, -NH-C(CHj3)z-phenyl, -N(Cj.4-alkoxy)-
Ci-4-alkyl, -N(C;-4-alkoxy)-CHz-phenyl, -N(C;.4-alkoxy)-

35 phenyl, -N(CH3)OBzl, -NH-(CHy)y-phenyl (v=0,1,2,0r 3),

-NH- (CHy)n-naphthyl (m=0 or 1), -NH-(CH;),-benzhydryl
(w=0,1, or 2), -NH-biphenyl, -NH-pyridyl, -NH-CH,-pyridyl,
~NH-CH,-CHz-pyridyl, -NH-benzothiazolyl,
-NH-benzoisothiazolyl, -NH-benzopyrazolyl,

40 -NE-benzoxazolyl, =-NH-(CHy)u-fluorenyl (m=0 or 1),
-NH-pyrimidyl, -NH-(CHz)p-indanyl (m=0 or 1),

-NH- (CH,CH20)y-CH3 (y=0,1,2,3,4, or 5), -NH-(CH;CH;0),~CH,CH;
(y=0,1,2,3,4, or 5), -(CH;CH0)y-CH3 (y=0,1,2,3,4, or 5),



- NH- CH2- benzi mi dazol yl , -NH adamantyl, -NH CH err]-adamantyl,

-NH CH(CH3) - phenyl, -NH-C(CH err])[err]-phenyl, -N(([err]-al koxy) -

Clerr]-alkyl, -N(Cerr]-al koxy)-CH err]-phenyl, -N((err]-al koxy):-

phenyl, -N(CH err])0Bzl, -NH(CHerr])v-phenyl (v-0,1,2,0r 3),

-NH-(CH err]) mypghgey! (m=0 or 1), -NH(CH err]){err]-benzhyegiNbosorsor

(w=0,1, or 2), -NHbiphenyl, -NHpyridyl, -NHCHerr]-pyridyl,
- NH- CH[ err]-CH err]-pyridyl, -NH benzothiazolyl,

- NH- benzoi sot hi azol yl, -NH benzopyr azol yl, 49 - NH- benzoxazol yl ,

-NH-(CH err])[err]-fl uorenyl (m=0 or 1), -NH pyri m dyl,

-NH-(CH[err])[err] I ndan m=0 or

-NH (CH err] CH[ er1(C8p )]y éﬂf%r ](Yt§c%):,21o,32,43, Qr §).5)NCH3-NH-CgHs,

- NH- ( CH[ er r ] CH er1NOB F B rGHCRsEs:r oZHKels | (y=0,1,2,3,4, or 5),
-(CH err]CH err]OJ[err]-CHerr] (y=0,1,2,3,4, or 5), WO 96/ 40751
PCT/ EP96/ 02392 _ 3
-(CHerr]CHerr]O[err]-CHerr]CHerr] (y=0,1,2,3,4, or 5),
-NCH ®err]-NN-Clerr]Herr], . -NCH err] - NH-CH[err] Cerr]Herr]; or Kis
[err] PCT/ EP96/ 02392
o
%— ’z— %—- ‘z—u ot
-NH "NE N -NH
H,C cH,
' o
NB, cn,
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4 . [err] WO 96/ 40751

PCT/ EP96/ 02392 5 [err] WD 96/ 40751
PCT/ [err] 5 - Preferred are
tonp formula | where the substituents Rerr], Rerr],
A - F 3¢k have the foll owi ng neani ngs PCT/EP96/02392
4

-mb | 'w '“5/(s\> . \,us - -ga’
.w cE, “E/C) -un'(’ :Lu-nn—(’:l - _(,:]

Br
N T N N’ cten,)
-va— I -va—¢ ]/ -vn~¢ ]/ -Nx—(’N]/ 2)3
$ en, s s s
CN . Qﬁ i . B,C ] O~
§= . = -NH i
s~ | ES N ;’\ -S\/kcx
8 coocH, -NE—(\ ) y CH, 5,C 3
- — - -NE=\ | -NE -NH |
CH, ca, ucu, s/kcx,
- . N - _'</R\
~ Neo ~ - 4 -NH {
ng—l gl =l | = |
mi-(s)I m-(s-"k _<s s/ksm s’kctfmﬂa



R err} is nethyl or ethyl; 10 R err] i s hydrogen,

met hyl, or ethyl; A is avalyl, isoleucyl, 2-tert-

butyl gl ycyl residue; 15 B is a Nnethyl-valyl,

Zi sol eucyl, or -2-tert- butngchyI resi due; D

is a 3,4-dehydgepseabdsh: 4-fluoroprolyl, 20 PCT/EP96/02392

azeti di ne- 2-carbonyl, 3- nethylprolyl

5- et hyl - prol yl re5|due E is a prolyl, homoprolyl,

hydroxyprolyl or : t hgazol i di ne-4-carbonyl residue; 25
is a Dvalyl, 2-tert-butylglycyl, D-isoleucyl,

D-Ieucyl or anrnorsobutyroyl resi due; X IS

-CH(CH[err])[err] -C(CH err])[err], or -CH(CH err])CH err]CH err]; -30

t -is 0 or 1; Preferred neanings for K are: 35

-OC(GH err])[err], -NHCH err], -NHCHf er

[err], -NH(CH err])[err]CH err],

-NH(CH err])[err]CH erg - NH Hrr])[err] rr
_NH(CH[err])[err]%.e{/rﬁL NH( CH efr] gg}-l[erri{ /N

- NH( CH . .

A eter)ler) (] V0] 7] et 1)

Preferred neani ngs for Kare -OC(CH[err]) err], -NHEH[err]
-NHCH[ err]CH err], -NH(CH err])[err]CH err], -NH(CH[err])[err]CHEg&t]
-NH(CH[err])[err]CH[eu H( CH[ err ] plg CH[err]

-NH(CH err])[err] r] H( /])[

o r],Q{HrN CH[ er F¥8 '

(CHerr])[err], -NHCRHg CE
CHerr]CH err]CH err], c“a -NH (CH err]CH err]) [ &OP¢H, S
-NH(CH err]CH err]CH err])[err], -NHC(CH[err])[err] NHCH
(CHerr]CHerr] )CH[%r CI-l[err]Cl—l[err] H [err] )CH(CH[er err]
-NHCH(CH[err]CH[err] tCIéLerr])[er err]) err])[
- NH-cycl opr opyl , L NH-ngyGl o ut yI cycL@p&@' N
cycl ohexyl, . -NH
57 “coort -y \ l cooc,
CH,
-~ HC
N s (c"s S ‘n‘n
N« N\N ~NH \ |
o -NH lN “NE=\ !
CH, \ CH,
,m_(/u\'“ cx, -<,N\, ,N\
-NH - CH,
- s/% s Nn-l(s/'ku)\
CH, 3
CH, H,C CH,
,N\
S\N -NB
'NB‘(\ | Sw
NJ\S/\ -NE—\ |
ca, N .
) S E,C
- Sw
: NH—<§ l -va=’ °NH'<&

] N
] /lk
-
N N slcn3

E,C



10 _  -NH-cycloheptyl, -NH-cyclooctyl, -NHbicyclo[3,3,0]octyl,
N(CH[err])OCH[err] N(CI—|[err])OCI—|[err]CH[err],

-N(CH err])CCH err]CH err]CH err], -N(CH err] ) OCH(CH err]
dlerr], -N(CHerr]CHerr] )YOCH err], -N(CHerr]CH err] )OCH err]CH err],
-N(CH(CH err]) [\wb'ok [err], -N(CH err])COCH err] [ err] H err] pcr/EPocn2ioz

-N(CCH[err])CH err]-Cerr]Herr], -N(CH err])OC[er]H err],
SNH-CH err]-Cerr]Herr], -NH(CHerr])[err]C[err]Herr],

-NH(CH err])(err]Herr], -NHCH(CH egr]) Cerr]Herr], -NHC
(CHerr])[err]Cerr]Herr], -NHC (CHerr])[err]CH err]CHerr],

-NHC(CH err]) (CH[err]CH[err])[err] -NHCH(CH err])CH(OH)Jerr]H err],
-NHCH[ err] -cycl ohexyl, N C NH-CHer err], NHCH(NCL—é[err]F err],
NHC(CH[err])[err]Gﬂiqe-(f] -na~¢ ﬁ

-NH(CH err]CH err] O [ er g ]CH[err]
-NHC(CH[err])[err]CH(CH[err])[err] NHC(CH[err])[err]CN NHC
(CH err])[err] CCH, norephedryl, norpseudoephedryl 20 - NH- qui nol yI ,
-NH pyrazyl, -NH adarrant yl (2), ~NH- adanant yl (1),

mﬂﬁ;{,]yl Y Pres E‘E‘aCH . (SqTROR H”‘ e formula i'Vhere the '’
-NH-CH err]-CH err & gpnts 'h| zBI’yF AnE 03, &i Bave the

t hi azolyl, -NHben gyrpean sbenzoxazolyl 25 -NH-f | uorenyl ,

- NH pyri m dyl, NH-CH[err] (4-me t hi azol yl (2),

-NH-CHerr]-fur anyP{‘Z) - NH tﬁ-l[‘!ﬁW—lt ﬁFeﬁﬂ‘YJZ')

-NH-CH[err]-1@5 met h I)thlenyl 2% NH-thlazoI | ( 2:)

- NH- i soxazol yl (3), NH-(3 medfyR¥4zagen, o eEREY . °‘=hY1

-Nl-l-(3-rrethyl)isoth|azolyl(5 - NH- 2tr|fluorrrethlt)

t hi adi azol yl (5), - RH(2- cycl r% gllql % H ert-
zesidue;

[err] WO 96/ 40751

NHC(CH[errhg[err] C=CH err],
B a N-methyl-valyl, -isoleu 1,
PCT/ EP96/ 02392 These
exanples illustrate but do ngf I? r'ﬁ'el:tt Hgtg%%%cy& rfﬁé‘d present

i nvention. The peptjdes forrrul r os of L-am no
acids 5 but P may al soi :i.n ] - Yl' % T145 p‘%;ec’ & compounds
may be presgﬂt as salts wrtha‘ze e tP%‘?‘ aci ds such

as: hydrochloric acid, or %l'ﬁ'tihg *acid, lactic acid,

phosphoric acid, 0 met han m c aci d
mal ei ¢ aci % fumari cfgﬂ %%E ﬁgl% tgig%{&r@l |Jm oni ¢
acid, sulfuggc acid, L-glutam®c acr a par pyruvi c

acid, nucic acid, @enzm C acig.a @-Uﬁi'{rfn'f-tert -butylglycyl, D-isoleucyl,
D-leucyl, or aminoisobutyroyl residue:;

X is -CH(CHy)3, -C(CHy)3, or -CH(CH3)CH,CHy;
-30 -
t is 0 or 1;

Preferred meanings for K are:

35 ~OC(CH3)3, -NHCH3, -NHCH,CH3, -NH(CH;),CH3, ~-NH{CH;)i:CH,,
-NH(CH;)4CH;, -NH(CH;)sCH;, -NH(CHz)¢CH3, -NH({CH3);CHj,



acid,.  oxalic acid, ascorbic acid and acetyl glycine. 15 The novel

corrpounds can be prepared by known net hods of pepti de chem stry.
Thus, the peptides can be assenbl ed sequentially fromam no acids
er by Li nki ng sui tabl e smal | pepti de fragnents. In the sequenti al
assenbl age, (g%g 5120 at the Ctermnus the peptide chgrikpbéorsez

ext ended stepvm @7 one am no acid each tinme. In fragnment coupling
i't is possible to link together fragnments of different |engths,
and the fragnents in turn can be obtained by sequenti al assenbl age
fromam no aci ds or themsel ves by fragnment 25 coupling.- Bot h
in the sequenti al }% q%ééﬁidg‘% Ebe & ra@ent coupling it is
necessary to link the units form ng an am de | i nkage. Enzynat iC
and chem cal nethodge Sy tg @Hcgzcg‘3pr-m( )2CH;, -m(g;

met hogs for formng FE‘H

ol ch a| I _
Muel | er, oden d gﬁ gc n&%q béﬁﬁ 364
Thi ene VerI a St ut ﬁéﬁg 335 W&i‘é?ﬁ )%P%%rt ase. Peptide
Synthesis, pp 31 CHaGHg )z, 7 NH(GHCH2CBs Yoy c SNBGE Q:)eil' Conpany,

Rockford, 1984, - NECH ( GityCia $2KaCHRHnu s NBEH (CRaR(CHs Popt i de Synt hesi's, pp
85 to 12B, ~-NBGm(SHjomHy ) €1 (THY , NNECH(THg,) C18R6) BN c NH-bpclaprmpyar, d
works on peptide ChﬁﬁléféﬂobtﬁwﬂlGuhaéyﬂdﬁéitwqe-ﬁﬁ-cycldlfeaqll\len to the
azi de nethodyp the SyEURYyE]Snetdr1 Xﬂﬂ-cyclooctyi')hyﬁfl#ﬂﬂcf@!dma bloétyL,
generated or pref okypeyAGCHYS -N(cn3) rsN(t: he) o cnbeny et hane pr ot ect ed

N-carboxy anhydrideg.cy, OCIH(Cﬁ; am. Lﬁ?cﬁ&rm gzzf the am de

| i nkage usi ng ors
di cycl ohexyl car bo N ( § @33 &DI c),
5.

1- et hoxycar bonyl - &%&;Q%HQA cﬂl‘Wy nol |
96/ 40751 15 "=NHCH(CH3 ) CgHs, ‘NHC(CH3)2CsHs: P@ECEPES)'MI&%

9 1- et hy!| - 3NEG¢CH JyRICHYCBY )2 0 PNEGHICHS pCIDCCH JQ§Hd e 1NHCH cbyalotxyl,
(EDCI), n-propanephRsafiyors, ankueH (ClsF § £ PAYEC (¢HY) el on 0-
f’ oxazol | d: ”é') ahm-ﬂﬁ ngénaff‘iq?ﬁ%(éﬁ SCitEH, B, OURHC (CH; ) 0N,
ris-pyrrolidinop ORR Péﬁl;ﬂﬁh n%&@f? egﬂédryl,
20 -NH-quinolyl, -NH-pyrazyl, -NH- adamantyl(Z),
-NH-adamantyl(l), -NH-CHpy-adamantyl, -NE-CH;-naphthyl,
-NH-benzhydryl, -NH-biphenyl, -NH-pyridyl, -NH-CH;-pyridyl,
-NH-CH,-CH;-pyridyl, -NH-benzothiazolyl, -NH-benzoiso-
thiazolyl, -NH-benzopyrazolyl, -NH-benzoxazolyl,
25 -NH-fluorenyl, -NH-pyrimidyl, -NH-CH;-(4-methyl)-
thiazolyl(2), -NH-CHp-furanyl(2), -NH-CH;-thienyl(2),
-NH-CH,- (5-methyl)thienyl(2), -NH-thiazolyl(2),
-NH-isoxazolyl(3), -NH-(3-methyl)isoxazolyl(5),
-NH- (3-methyl)isothiazolyl(5), -NH-(2-trifluormethyl)-
30 thiadiazolyl(5), -NH-(2-cyclopropyl)thiadiazolyl(5 ) '
-NHC(CH3)2C=CH;, or K may be

C 5,C
—N/\_:Is —NCO —u\/:f _NAO —u@

E,C .
R e RO R
H,C |

CH2)3Cs



5 di phenyl phosphoryl azide (DPPA), Castro's reagent (BOP,

PyBop), O benzotriazolyl-N, N, N ,N -tetranethyluroniumsalts (HBTU) ,
O. Azabenzotriazol yl -N, N, N , N -tetramet hyl uroni um salts (HATU),

di et hyl phosphoryl cyani de (DEPCN),

2, 5-di phenyl - 2,3ndkkp4s] 0- 3- 0X0- 4- hydr oxyt hi ophene di oxi de 10 pcr/EP962392

(Steglich's reagent; DO and 1,1'-carbonyl diim dazol e (CDI). The
coupling reagents can be enployed alone or in . conmbi nation with

addi ti ves such as N, N-di net hyl - 4- am no- 8 pyri di ne (DVAP),

N- hydr oxy- benzotri azole (HOBt), N-hydroxy- benzotri azi ne (HOOBt),

Azabenzotri azol e ( HBaisk, ekniplisillusbrate butcdominotdriniOXthe ;icope of the
2- hydr oxypyri di ne. present Meemdoni.t is nornmally possible to dispense with
protective groups in enzymatic peptide synthesis, reversible
protection of reacttheepgpbides it thevfbredla i faxerebnposead of L-amimioe agdiige
| i nkage i s nécessaibyptf 8r mabptdilscebet anDsanin@eid. chem cal synthesis. Three
conventional protective group techni ques are preferred for the

chem cal peptide The nesycdrprauntds may berppésentcasbsalts WAth t he

t - but oxycar bonyl physioilf&gigaldydtoheratéd uarids Isuehhasy deydxochlotienarid,

t echni ques. cittehti &cidl, itartarhccasidi sladtdcpacidctiphosphoxie acidlhe
25 al phad8n no gethpnesulfonichachdexaeetin@aid,t formitetaniddmaleic

revi ew of am no- acaeifd; ofemdrice agidypmal ic cgacdel) Buchimid aacid, malonf/et hoden
der organi schen Chaniid, Veulfutdclacpd, 2D-gutdfic acid, L-Bspartidealcid,
Stuttgart, 1974. Thgrumitsacidy apedicf acid, benzoadesaobd) gluduxrondet i de chain
can be reacted in acldii oxalic adid, assospbrscid endbycetyintllyadnei.m |l ar to
t hat ‘descri 3&d by Merrifield in J. Arer. Chem Soc. 85 (1963) 2149.
Particul arly pref efhednoeehabmponeds hcar ben prepalredehy i kiesn methodar ef
assenbl ed sequenti peptide dhenfisdygyenThesupthenpepiidgs can be rissermbpl&Ac or
Fnoc protective greeguenstialilypdroganin@acisis orebychinkimss suitabdesamall
Merrifield techni gpeptide fragmeptsnglbothe Bequentiakhsassariblagel,ysbarting
support (al 28 cal | a4 the C texminpshthe|peptigte chainsis ygxtended stenvwisetby
pepti de bei ageassimd|asidsegckntime | \ I fragwent|goupliingsdppdst usi ng
the Boc or Fnoc prpoesible tg dipkt tegether tnagmeptswhdifferengepengthshai n
bei ng coval ent|y bandethetfragmeatscini tign (qan be obtaingddy gsRuential
particles (of. Figassemhlpgy from amino acifds Qxjihemselees by Fzagmeprt to
renove reag@fts an8PwPlingpyproducts by filtration, and thus

recrystallization of i ntermedi ates is unnecessa

ry.
96/ 40751 Both in the sequential assemblpg;q/m&;gg.gngragment
coupling it is necessary to link the units by forming an

amide linkage. Enzymatic and chemical methods are suitable
30 for this.

WO

Chemical methods for forming the amide linkage are
described in detail by Mueller, Methoden der organischen
Chemie Vol. XV/2, pp 1 to 364, Thieme Verlag, Stuttgart,

. 35 1974; Stewart, Young, Solid Phase. Peptide Synthesis, pp 31
to 34, 71 to 82, pPierce Chemical Company, Rockford, 1984;
Bodanszky, Klausner, Ondetti, Peptide Synthesis, pp 85 to
128, John Wiley & Sons, New York, 1976 and other standard
works on peptide chemistry. Particular preference

40 is given to the azide method, the symmetric and mixed
anhydride method, in situ generated or preformed active
esters, the use of urethane protected N-carboxy anhydrides
of amino acids and the formation of the amide llnkage using
coupling reagents/activators, especially dicyclohexylcarbo-

45 diimide (DCC), diisopropylcarbodiimide (DIC ),
1l-ethoxycarbonyl-2-ethoxy-1,2-dihydroquinoline (EEDQ),



10 . The protected ami no acids can be |linked to any suitable

pol yners, which nerely have to be insoluble in the solvents : used and
to have a stabl e physical form which nakes filtration easy. The

pol ymer nust contain a functional 5 group to which the first protected
am no aci d canwisoegidohsil v attached by a coval ent bond. pgyiEpeéaed Or
this purpose are a wde variety of polyners, eg. cellul ose,

pol yvi nyl al cohol , pol ynethacryl ate, sul fonated pol ystyrene,

chl oronet hyl at ed styrene/ di vi nyl benzene copol y#rer 10 (Merrifield
resin), 4-methyl benzhydryl am ne resin (MBHA- resin),

phenylacetanidonetﬂybthg$kn-(ikﬂmmetaymimiﬁbprqpyl)carbodiimide hydrochloride
benzyl oxy- benzyl - al(EDEE)), r espropanephbyphoni@nantydrdaden (PPA), N,0BBAB(2SbRd-
4- (hydr oxynet hyl ) - Beoxazbbkdgingel jramidephosplidityl chloridés|Bomic1E, cbRefb- et
al . (Tetrahedron L&rtierpy2foliditivphdsphonium hexafinbirepghdbspiieHzblyBrop),

4- (2, 4- di net Hoxyphddphenylphosphoryl azide | (DERH)OX CasesoNs (XadgenitcqBOP,
Novabi ochem) or  PyBopp; obrlemiotirtigbolehN, N, NNN' - edtBandbighbas im salts
Suitabl e for pepti ¢EBYYN} he<AzabenzotridzslyI i NN , NO- vetidmethylurdhich are
inert under the reaaltsn({HXTU), idieshyEsiissplryl cyanide WBEECN),

N, N- di met hyl f or nan¢8-@DpEenyli2yB-Uyhydrd < D6xde 4 -hydroxytifophene dioxide
acetonitril &0 di chiSteghidinte xeaghht; IHCEM )ande 1, 1' -carbdmiladimiagateran
(THF), N-nethyl - 2- pgDI Pl | The ecplPhg arehgents cafii b UusRSlGfed A2ohidi 8r in

sol vents. Peptide egmbimstiomwitheadditives) GurdieasCNSNARMdthgdR4benesss i ed
out in all inert opgabdine (DMAP)SONviydroiy*behizobridorei (H0BRS), dN-hydroxy-
derivatives used abenzotriazixe HDEBt)jouabenzpteiszsobsl @A)t R-hydroxy-
addi ti onal | ¥Shave succinimigia (HOSe) | omR-hydrexyperidtneh as DVF, I%/P
acetonitrile and Dibéreanditniist uoemally ipeesdbiel véndtspelide withf pfdtective
synthesis i s conpl gteyps hin paaymdeic peptidecdyathesd®, reversiBPeYNEriC
support. The condiprotectiveofwreattite araypsohbt involvdd@nV 861 MAIE 6 S
types i s possibl e the aliiid dinktage isamecessaryl Eberbdth ecceatbants eiyage
reacti ons md8t conmlemmicalseynihesis. Threeciconventiqrdl ghiotecesval gysith
especi al |y cl eavageethni3fues arki preferredy forusheychagiiall beptide, in
anhydr ous t synthexisre thenbendyloxycazbbdyli (2 ), |tHee tobutaneearbcHyad
trifluoroacetic ac{BocpandadthendclilwinenydmetbexporerbonylHfFmoc) tedhniGdesCM
m xtures in the prkiepkified inweath ese dschhesprotectiviengpbopiore tie

cl eavage i n28cet i calpharagiionl growptdfathe ¢bain-exterdingr usibarildetadiledes.
Dependi ng on the ciewiey of aminpracist protegtivie sgraupss dsngivére byetMielaeror
| i kewi se c|Methatlesf fegndeganischeneGhemie (Woldi XVils. pp 20 to B@E,i al
deprotection of tHhisme Verlagy Stuttgesrtwol®RdhiThe units employestfioxi n
derivatization re@%Semplingethe prptider chainscan beyreackedt inlsolditiony| dbed
at the N-tefinus %!%ﬁ?eé’éigpegﬁr@d a methodysipilan ke thgtodesemibedhbypri at e
N, N- di - al kyl ami no M@xxjfield in J. Amer. Chem. Soc. 85 (1963) 2149.

. Particularly preferred methods are those in which peptides
are assembled sequentially or by fragment coupling using
the Z, Boc or Fmoc protective group technique.

35 One of the reactants in the said Merrifield technique is
being bonded to an insoluble polymeric support (also called
resin hereinafter). This typically entails the peptide
being assembled sequentially on the polymeric support using
the Boc or Fmoc protective group technigue, the growing

40 peptide chain being covalently bonded at the C terminus to
the insoluble resin particles (cf. Fig. 1 and 2). This
procedure makes it possible to remove reagents and

. byproducts by filtration, and thus recrystallization of
intermediates is unnecessary.
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11 in solution or on the polyneric support, b) by reductive
al.kyl ati on of the resin-bound peptide in DM/ 1% acetic acid W th
NaCNBH[ err] and the appropriate al dehyde or ketone, c) by

hydrogenati on GuoblgerBePti des in solution in the presence 5 pcrembnzio

al dehyde or ketone and Pd/C. The various non-naturally occurring
am no aci ds discl osed herein may be obtained fromcomercial sources
or synt hesi zed from comrerci ally-avai |l abl e materials using 10

met hods known in the art. Azetidi ne-2-carboxylic acid,

3-met hyl - L- prol i neph&- peédtedtda F&Erﬁhbnﬁe:.dﬁld:a%o@:e 0ink@®Cto any suibapié&ct ed
3, 4- dehydr opr ol i nepel gméLS)RicH mpraVRilakd €o be insSlwbld A& ¥RbCEODFénts
(ACRCS, NOVABI CCHEYbe®/diiEo Haive- aaelgble physicalsSférh | witiciakese can be
prepared via a net foutddtion edycr rThedodlyniéanamisk 6bnbain (ANfubeedshkl E. S.
Eberhardt, 5 4réup Etb shiichDthe Phvsd lproRetteRaambso ddid cén P@pﬂ.ﬁﬂ

Protein Res. 44, 13@dacHé® b6 covalenty Gond.PSuitdBle for thisT
of this invention goyide waaktyOoENBohnier®, €9. celDilssey %1 1 sol i d
tumors (e.g. tunorgiééhdéle pol¥tethacrylatdl,caull foR@t&d, pdl ity e, | adder,

rectum or endoneté&hBdromethylaitedDEyrdiie /AANAnelbentene BipIpREE! €S (e 9.
| eukeni as, 10 ( MeRDARS)A Resatly) N GddtlylDen2hydPFl £niHe0 tad i h Of MEMA

mammal . 25 | t réSim ﬁﬁﬂ@ﬁlaédﬁ&ﬂiﬂ%&&ﬁ-h&smwm&% taat they
are nore resistantpézyFIoi"eneyledlsslitili-gesin, CBERAM PRI 10 amine-resin i
Dol ast at i n- 15. ( BHA - YSEEN) S 4- Lhyy@Fodme QZlbeéﬂﬁ'o ok e¥RPDSredi N e
30 conventi onaieém maﬁa@eulléalal Prretrahédreanitaeirsabs (1987)
agents, incheding $65 ipplisdcbycBRCHRINING -$3¢H-dEmethoxypheHPLamBReOoUS! Y,
i ntravenousl y, | Nt h@EAFIO)PrnloxyaR€sin (suppliklaBeI N Iddhém) & The -
conpounds may be ag+ghllcrctirddydle8inr(suppliiedf By Bidhellas). phar meceut i cal

conposi tions containing a conpound of formula | together with a
phar maceutical | y aswinibice dorr peptide synthesis in solution are all solvents
20 which are inert under the reaction conditions, especially

water, N,N-dimethylformamide (DMF), dimethyl sulfoxide
(DMSO), acetonitrile, dichloromethane (DCM), 1,4-dioxane,
tetrahydrofuran (THF), N-methyl-2-pyrrolidone (NMP) and.
mixtures of the said solvents. Peptide synthesis on the

25 polymeric support can be carried out in all inert organic
solvents in which the amino-acid derivatives used are
soluble. However, preferred solvents additionally have
resin-swelling properties, such as DMF, DCM, NMP,
acetonitrile and DMSO, and mixtures of these solvents.

30 After synthesis is complete, the peptide is cleaved off the
polymeric support. The conditions under which cleavage off
the -various resin types is possible are disclosed in the
literature. The cleavage reactions most commonly used are
acid- and palladium-catalyzed, especially cleavage in

35 liquid anhydrous hydrogen fluoride, in anhydrous
trifluoromethanesulfonic acid, in dilute or concentrated
trifluorocacetic acid, palladium-catalyzed cleavage in THF
or THF-DCM mixtures in the presence of a weak base such as
morpholine or cleavage in acetic acid-dichloromethane-

40 trifluoroethancl mixtures. Depending on the chosen
protective groups, these may be retained or likewise
cleaved off under the cleavage conditions.

Partial deprotection of the peptide may also be worthwhile
when certain derivatization reactions are to be carried

45 out. Peptides dialkylated at the N-terminus can be prepared
a) by coupling of the appropriate N,N-di-alkylamino acids



appropriate for the desired route of adm nistration. Such

phar maceuti cal conpositions nay be conbi nation products, 40 I.e., may
ali'so contain other therapeutically active - i ngredients. The
dosage to be adm nistered to the mammal will contain an effective
tunor -i nhi bi ti sgdpgt of active ingredient 45 - which w 'llmﬁﬂ'ﬁﬁﬂgn”pon
conventional factors i1 ncluding the bi ol ogi cal activity of the
particul ar compound enpl oyed; WO 96/ 40751

PCT/ EP96/ 02392 11 12 the nmeans
of adm nistration; the age, health and body © wei ght of the

reci pi ent; the nat dnes@iutimnn e onf thecpolymeric sypposths;b) thy fredycking of
treatnent; the adrbkglatiommiofthe resin-hounds peptidei in; DMR(LY Bcetic¢ aagid
desired. A typical wiith|NaCNBH; andotke @pnropriabealdehyde o30 ketonegraindyper
ki | ogs am of hytérahenesd igint ofntheapepitivdesi ihr sblohiamdiralthet pfedénde 20
on par ent evél abdbhyde torakietone and Pd/C.The novel conpounds can be
adm nistered in conventional 10 solid or |iquid pharnmaceuti cal

adm ni stration forThe waxious non-nabtunallyl cwcuttihgr amind ebidsbldésclosed
capsul es, powder s, herein may deulobtainedpfront commeroiak csauraess orThese are
produced in spnthenizdd drain cenmerciallly -available hmateriad scasidgr
this 10Ur posmetitody garadednWehé sty azeitddihephecarmettliicahed ds 15
such as tabl et bi nderéthylll-prolipessefmethiyles-probiné, and Boc- or Fmoc-

di sintegrants, fl oprotspted @,94-dehpdtoprakine awvet tomgercially agablable

di spersants, emnul setaeting smdtexribls ¢AGRGS N®OVABIOCHEM, BACHEM). Cis- and -
conposi tions, anti txamkatd-sfladtopropinpetdraie gpaepared via a afethbd Sucker et
al .. Phar mazasut i scesdried bygiPanaghk cete-al20 (N. Papasik), EStSut Eherhardtd78) .
The admi ni strationafer redissmi De. Powell, IR.Thi Raimgs ndImnl Iy Peptiden 1- 90%
by wei ght of the abPtotein Res. 44ub3i92hce262-269) frdmchydridxyprodireanpl es

are intended to illustrate the 25 i nvention. The protei nogenous am no
aci ds are abbrevi aThel compoundsn ofhthixabplentiosi may tbhe dsesdvtor Anbibitetxer
code. O her 20 othdrwisenttireat sokild thjorsr | ¥af -Niukarsreifhcheal ang,
MeVal =N- breast, colon, prostate, bladder, rectum, or endometrial

tumors) or hematological malignancies (e.g. leukemias,
lymphomas) by administration of the compound to the mammal.

25 It is a special advantage of the new compounds that they
are more resistant to enzymatic degredation as compared to
Dolastatin-15.

Administration may be by any of the means which are

30 conventional for pharmaceutical, preferably oncological,
agents, including oral and parenteral means such as
subcutaneously, intravenously, intramuscularly and
intraperitoneally.

35 The compounds may be administered alone or in the form of
pharmaceutical compositions containing a compound of .
formula I together with a pharmaceutically accepted carrier
appropriate for the desired route of administration. Such
pharmaceutical compositions may be combination products,

40 i.e., may also contain other therapeutically active
ingredients.

- The dosage to be administered to the mammal will contain an
effective tumor-inhibiting amount of active ingredient

45 which will depend upon conventional factors including the
biological activity of the particular compound employed;



met hyl val i ne, Z-benzyl oxyc-ar bonyl. 30 A. General procedures l.

The peptides clained in claiml1l are either synthesized by cl assi cal
sol ution synthesis using standard Z- and Boc- nmet hodol ogy as

-descri bed above or by standard nethods of 35 sol i d- phase synt hesi s

usi ng Boc and Ky@sedest €ctive group t echni ques. PCTRAPOSHBONEL I C
cycle for the Fnoc protective group technique 40 1. DVF washi ng

1x 1 mn 2.  20% pi peridine in DV ' _ 1 X 4 mn
3. 20% pi peridine in DV 172l x 16 mn 4. DIVF
washi ng 5x 1 mn 5. Addi tion of the
grﬁfggi ‘e’ﬁi egf 4$BT éﬁg\ean(y 8&%&%}@' deh8CLdd, 2 heRAth and boay PY 1
q Yo t of the rec Inature apd extent of the

PCT/ EP96/ 02392 toms; the frequency of treatment; adminlstratf’on of
equi val ents of DI P&"gg Jﬁlﬁ ies; and the ePeBbtlfedffHdd.' RY typ:.cal dai
1x6lnin g dlit 0.5 to 50 milligr erkil:lr ?m”
I 1T conversi O%ﬁ%' &txeoraIS aaministra£f&? Tird aBodt 6968 £5%4 hack
9. back to 2 op mere used as reagents for
coupling of the 10p,e ncﬂr@lneo lgn({sol

o BYadk Byk ay’he
reaction 10 t'g@ﬁwxelgga & Rab¥i afr nﬁm@f&ﬁq dq.
couplings. Tn sol yii QL QSWERCSES: t&aa £4 € ca 9 1e dLected
amho acio Nox's (EGIE % F eoputiond ggf M504 1o
NCA'S (- car boxy 183 D nalie mhe. ab‘éfvé’ uas\ea £5LCF priptad f
conde_nS| ng agent I %ﬁ rééeﬁ @gﬁﬁlﬁf H ﬂc%i[ )&tl%so
coupling. 35 éﬁch E‘id‘&ﬁﬁ o€ B t ' @Tli)gré ® E &Nés, tablet’

disintegrants, flow regulators, plasticizers, wetting
agents, dispersants, emulsifiers, solvents, sustained re-
lease compositions, antioxidants and/or propellant gases
(cf. H. Sucker et al.: Pharmazeutische Technologie, Thieme-

20 Verlag, Stuttgart, 1978). The administration forms obtained -
in this way normally contain 1-90% by weight of the active
substance.

The following examples. are intended to illustrate the

25 invention. The proteinogenous amino acids are abbreviated
in the examples using the known three-letter code. Other
abbreviations used: Me;Val=N,N-dimethylvaline, MeVal=N-

methylvaline, Z=benzyloxycarbonyl.
30 A. General procedures

I. The peptides claimed in claim 1 are either synthesized
by c¢lassical solution synthesis using standard Z- and Boc-
methodology as described above or by standard methods of

35 solid-phase synthesis using Boc and Fmoc protective group
techniques.

a) Synthetic cycle for the Fmoc protective group technique

40 1. DMF washing 1x1mnmin
2. 20% piperidine in DMF 1 x 4 min
3. 20% piperidine in DMF 1 x 16 min
4. DMF washing S$x 1 min
5. Addition of the preactivated

45 protected amino acid (activation

by 1 equivalent of TBTU and



20  The peptide-resin prepared as in Ala was deprotected at the
N-term nus (steps 2-4 in Ala) and then reacted with a 3-fold nol ar
excess of al dehyde or ketone in DWF/ 1% acetic acid with addition of
3 equivalents of NaCNBH err]. After reacti on was conplete (negative
Kai ser test) Eﬂg”{fﬁ@ﬂ was 25 washed several tinmes wth wags, 2
| sopr opanol , di chl or onet hane. Reductive al kylation in
solution can e.g. be achieved by reaction of the N-termnally
deprot ected peptides, peptide fragnmentd3 or anino acids with the
correspondi ng al dehydes 30 or ketones using NaCNBH err] or
hydr ogen- Pd/ C. 5 bqu¥ddienys of DibPEpephimMFEy;esi ns obtained as in Ib
and || The pept peptidei coupldingri ed under reduced presslne géindeirhen
35 subj ected té.tr coMPewashdiddn a TFA/water mxture (95:5) 3at 1 min
1,5 hgurs (Wade, Tfegeadf tomeexsidrorisyikcompleéteshop Manual
Mel bourne 198b). The resepetasidmmesf cohpkind (bhdck to 5.)and washed with TFA
and DCM The filtr@8te apdFtweshhshi ngs wer e concent r at e3l,x andniivhe
pepti de was preci pot.at edabk #6 2. addition of diethyl ether. After cooling
In an ice bath, the precipitate was filtered off, taken up in 30%
acetic aci dpepdcClyapdi pyBreh were used |asé rdagents for coupling of the
o-chlorotrity - r esamipouapid efblipwinghthe afjmethylamino achds. tihe seapedsenon
of the peptide-resitime8 ®8r&csdrrespondingly increased including double
aci d/ trifl uoroet haeehpliings oradianéoni syntisefik,1 the use of either Bodd
96/ 40751 protected amino acid NCA’s (N{ELbbRCANRPSides), Z-
14 stirr edpzbtected t ampey acideNCHts 1(Nrcakboxycanhydsidesgn or the
filtered of f15M t h sset ofnpivalayichloyhde amstonflensingt Agent respeckévedyeis
sol ution. The conbmost advamtegeous forotlrbstirypecedf couplingl. vacuo and
treated with ether. The precipitated solidis 5 renmoved by filtration
or centrifugation, IZashReduetive alkylation % tdheh&i-terminums ed.under reduced
pressure. V. Purification and characterization of the peptides
20 The peptide-resin prepared as in Ala was deprotected at the
N-terminus (steps 2-4 in AIa) and then reacted with a
3-fold molar excess of aldehyde or ketone in DMF/1% acetic:
acid with addition of 3 equivalents of NaCNBH3. After
reaction was complete (negative Kaiser test) the resin was
25 washed several times with water, isopropanol, DMF and
dichloromethane.
Reductive alkylation in solution can e.g. be achieved by
reaction of the N-terminally deprotected peptides, peptide
fragments, or amino acids with the corresponding aldehydes
30 or ketones using NaCNBH3 or hydrogen-Pd/C.

III. Work-up of the peptide-resins obtained as in Ib and II

The peptide-resin was dried under reduced pressure and then

35 subjected to treatment with a TFA/water mixture (95:5) for
1,5 hours (Wade, Tregear, Howard Florey Fmoc Workshop
Manual, Melbourne 1985). The resin was then filtered off
and washed with TFA and DCM. The filtrate and the washings
were concentrated, and the peptide was precipitated by

40 addition of diethyl ether. After cooling in an ice bath,
the precipitate was filtered off, taken up in 30% acetic
acid and lyophilized.

IV. When an o-chlorotrityl-resin (supplied by Biohellas) is
45 used, the suspension of the peptide-resin in an acetic
acid/trifluoroethanol/dichloromethane mixture (1:1:3) is



10 Purification was carried out by gel chromatography ( SEPHADEX

G 10, G 15/ 10% HOAc, SEPHADEX LH20/ MeOH) and/ or medi um pressure

chr omat ogr aphy (statlonary phase: HD-SIL C _ 8, 20-45 m kron, 100
Angstrom nobil e phase: gradient with A=0.1%TFA/water, B - 0.1%
TFA/ MeOH), or %%3/6@,%1 ve HPLC 15 (stationary phase: \Vat epgr/Edsiodssak
C-18, 15 m kron Angstrom nobil e phase: gradient with A- 0.1 %
TFA/ wat er, = 0.1 % TFA MeCOH) . The purity of the resulting
products was det erm ned by 20 anal ytical HA&C (stationary phase: 100
2.1 mm VYDAC C- 18, 300 Angstrom nobile phase: acetonitrile-water
gradi ent, butianed Wt! Rodmltenperath®€) for 1 h. THexestiarisathemn was

by fast atom bonbargimidre®oFf with suteion andophoraugHiVRwasheldrwitloBhe 25
B. Speci fic proceshesdmage solutibXANVPie- combShéd | fil€2ates al@ concentrated
Me[ err] Val - Val - MeVain ¥rabudeclandr epeated «wth ethde. The predipiBatedfsolid is
Froc- RI NK-resgn ( substdved by £@145atien /o) centrifugainiorswastedogwith a bat ch
size of 0.25 mol, gEsthylcathes afd dried untedl feduded Préessupe.ecach of 35

Froc- Pr o- OH Frnoc- 3, 4- dehydr oprol i ne Frnoc- MeVval - OH
Fnoc- Val - OH 40 Vver{#icedion and chBtacterization dfolthenpeptides
N-nmet hyl am no aci d was coupl ed . on with PyBrop as coupling reagent

with a doubl gocouplpification Wasecarried betabygekiiromaitogeyphes wer e
conpl eted, the 45 (sERMADEXIE~105i @-15)d0%WHOAC N SEPHADEX LH2D/REOKS igid/or

(steps 2-4 inedihin presgureschrdndtographyt estadidhadguphase: HD-SIL C-

f or mal dehyde 8, 20-480mIR+4A7/5100 Angstrom; mobile phase: gradient with

PCT/ EP96/ 02392 A = 0.1% TFA/water, B = 0.1% TFA/MeOH), or preparative HPLC
d 15 (stationary phase: Waters Delta-Pak C-18, 15 mikron, 100

Angstrom; mobile phase: gradient with A = 0.1 % TFA/water,
B = (0.1 % TFA/MeOH).

The purity of the resulting products was determined by
20 analytical HPLC (stationary phase: 100 2.1 mm VYDAC C-18,
300 Angstrom; mobile phase: acetonitrile-water gradient,
buffered with 0.1% TFA, 40°C).
Characterization was by fast atom bombardment mass
spectroscopy and NMR spectroscopy.
25
B. Specific procedures

EXAMPLE 1 (SEQ ID NO: 1)
. 30 MejVal-Val-Meval-B,4-dehydroprolyl-Bro-amide

0.53.g of Fmoc-RINK-resin (substitution 0.46 mmol/qg),
corresponding to a batch size of 0.25 mmol, were reacted as
in AIa with 0.4 mmol each of
35
Fmoc-Pro-OH
Fmoc-3,4-dehydroproline
Fmoc-MeVal-OH
Fmoc-Val-OH
40 Fmoc-Val~OH

The amino acid following the N-methylamino acid was coupled
on with PyBrop as coupling reagent with a double coupling.
After the iterative synthetic cycles were completed, the

45 peptide-resin undexrwent N-terminal deprotection (steps 2-4
in AIa), and was further reacted with aqueous formaldehyde



solutjion as in Al and then dried under reduced pressure. The

resulting resin was subjected to TFA cl eavage as in Al l'l. The crude
product (132 ng) was purified by preparative nedi um pressure

chromat ography to yield 32 ng 5 of the desired pure peptide (10-40% A
in 10"; 40- 90%w dsie7s1 140'). The conpound was further chagapddiabacd by
fast atom bombar dnent mass spectrometry ([ MtH] + = 548) . 10
EXAMPLE 2 (SEQ ID NO 1) Me[err]Val -Val -MeVal - [ (2S, 39)

-3-net hyl - pyrrolidi ne-2-carbonyl] - PrdS benzyl am de 15 a)

Z-(2S, 3S)-3-Methyl -pyrol |idine-2-carboxylic acid 1.5¢g

(2S, 3S) - 3- Met hyl - pgoIwtich A8 2nCAIDxtyd ithedr idtiéd lurfder redudé&obi-es\sﬁfe
dissolved in 4 nl Teé ereanlting3besin Swds Nubjeched to TFA 41eavhGe ZslPnmn
benzyl chl or of or nat RIZ: @he t2ufenprdductnd 1325mg) was puriZidd\péH wer e added
withien 1 h. After pleparsariveomedium pressure ehrematdgraphy @ecyieldt3Ztmg oom
tenperature,Sthe pbf the desizedapureipsptidelQ1070% 3quUm1O’;a40F90RSA in.
extracted with 140 Yl aiNeoipo D vdsh Eurtady ush@radterided Bt Fadt Natdnl

and ext r act sy dinetit Clb ©¢ sppadtaemet2y) ( [MHE)+cenbaagd or gani c 25
extracts were dried over sodiumsulfate and evaporated in vacuo to
yield 1.75 g of the desired product as an oil. b)

Z- (.2S, 3S) - 310kt hy| EXAMPLR i2di QSEQ-TIImrNoeny)- L- prol yl benzyl am de
30 1.75 g (2S, 3S)-3-Met hyl -pyrrolidine-2-carboxylic acid

(6.62 mml) and 1.Mé;valpval+mevaler(q2sa38)es hyeitindrpgrrdbidine-2-daktphyiye! )
wer e di ssol ved i n fpJBerndiylanod@net hane and cooled to 4[err]C. After
addition of 0.89 m N nethyl norpholine 35 (7.94 mol), 0.304 g HOBt
(2.21 mmol )isnd 1.28 Z}(539%86BS%thyl-pyr@IQihné@da%B Qﬁlc”&éid"e was
stirred at roomtenperature overnight, diluted wt

di chl or onet hane, ands wps2e93s) - 3-uewn§1hp§§r&amamb&0%mbhyﬂwm&6<r1t10f6at e
sol ution (3x), mmol \Waiege fiysolvedliti Urind watsk @ad) 2.881AL £ h)Naci\dat

~saturated 40 NeQ, 11} millenZylehlorbfytitiatenszdcl pd1 Ve misldi alas gl §at e
and concentz@ted wier N NdoRSReRs QR withihel ch2 AFReg the reactich Nighly
vi scous oil. mixture was stirred overnight at room temperature, the pH

was adjusted to 10. The agueous layer was extracted with
dichloromethane (4x), adjusted to pH 2 with 5 N HC1 and
extracted with dichloromethane (2x). The combined organic
25 extracts were dried over sodium sulfate and evaporated in
vacuo to yield 1.75 g of the desired product as an oil.

b) 2~ (2S,38)~-3-Methyl-~pyrrolidine-2-carbonyl-L-prolyl
benzylamide i
30
1.75 g (28,38)-3-Methyl-pyrrolidine-2-carboxylic acid
(6.62 mmol) and 1.59 g proline benzylamide hydrochloride
(6.62 mmol) were dissolved in 66 ml dichloromethane and
cooled to 4oC. After addition of 0.89 ml N-methylmorpholine
35 (7.94 mmol), 0.304 g HOBt (2.21 mmol) and 1.28 g EDCI (6.62
mmol), the reaction mixture was stirred at room temperature
overnight, diluted with 150 ml dichloromethane, and washed
with saturated sodium hydrogen carbonate solution (3x),
water (1lx), 5 % citric acid (3x), water (1lx), and saturated
40 NaCl (1x). The organic layer was dried over sodium sulfate
and concentrated under reduced pressure to yield 2.63 g of
a highly viscous oil.



WO 96/ 40751 o PCT/ EP96/ 02392

16 O (2S, 3S) - 3- Met hyl - pyrrol i di ne-2-carbonyl -L-prolyl

henzyl am de 2.63 g Z-(2S, _ :

-3S) - 3- Met hyl - pyrrolidi ne-2-carbonyl-L-prolyl 5  benzylam de (5.8 mmmol)
were di ssol vedydedid met hanol . After addition of 1@pripodédsds

Pal | adi un char coal’, ¥ e reaction m xture was hydrogenated overni ght.
Filtration and : evaporation to dryness yielded 1.88 g of the

deprot ect ed di peptide 10 d)

16
Z- MeVal - [ (2S, 3S) - 3- Met hyl - pyrrolidine 2- carbonyl]-Pro-

?gnzylag;gsolldlne 2 cagﬁ ;Mgﬁpgﬁ ggnzy r%gﬁgz%gégbﬁ%%ffi€§§Q;§ﬂwbthy"
or

di ssolved in 58 n1 dICh ne and cooled to 4[err]C. After

ddi t f 0.78 P 5
?1 I93I %:D |0) and 1 %%ng ?@Bbob'—ﬂétﬁflgﬁxﬂm%agg i@aﬁbonyl L g%gl

stirred at roomte g
di chl or onet hane, ﬁﬁg ﬁ& Bk 65 ng:adgggg QQ %&g and
once (3x), water WE | E
NaCl (1x). The org o§at/fcfd ﬁrﬁﬁé lElm:"dcfd(()ver sodi um su

concentrat eq under r pressure to yield 3.01 g of the product

as a dry il 25 f2aﬁ2». 28,3 olidine-2-carbonyl] -Pro-
MeVal - [ ( 2S, 38) 3 Ng?hy RQHéiﬁi@?§ 5 car 3ﬁﬁ PEFES ine-2-carbonyl]-Pro
benzyl am de Val [(28 3S) 3 Nethyl pyrrolldlne 2-

car bonyl ] - Pr o- benz I 13 - -

met hanol . Ajker ad §H1Eﬁg BH g{ prol SP 3 F:m§¥l were
reaction nrxture ¥ EX%&&’;¥§ gg hlg dgoc. ‘afte
P i e T
Z-Val - MeVal -[ ( 25, 35iegn twmzﬁdﬁ éeéxe r‘;““?,ié;nié‘itfeéiﬁiid
Pro-benzyl agpde 4Qith 1Jdo 48 @iéhVeromdt REDIA s GrithS 8QtYClodfud0 N

di chl or onet hane. A&&&fo idalrBBn&te 0 égﬁéﬂ(ﬂib'ehﬁiéf”Qﬂ¥3, $ ci a@ﬂPl)

and cooling to -10(8%§] Gaterb61#h, Panid Sl CNa@ll ¢€x). The o&éaﬁ cwsférvrerse

added sl owy. Stirg0ed Qve@olldhUs€Lflte and concentrated under reduced
pressure to yield 3.01 g of the product as a dry white

25 foam.
e) MeVal-[(2S,3S)-3-Methyl-pyrrolidine-2-carbonyl]-Pro-
benzylamide
30 3.01 g of z-MeVal-{[(2S,3S)-3-Methyl-pyrrolidine-2-

carbonyl]-Pro-benzylamide (5.33 mmol) were dissolved in 39

ml methanol. After addition of 96 mg 10 %

Palladium/charcoal, the reaction mixture was hydrogenated

for 3 h. Filtration and evaporation to dryness yielded 2.18
35 g of the deprotected tripeptide as a clear oil.

) Z-Val-MeVal-[(2S,3S)-3-Methyl-pyrrolidine-2-carbonyl]-
Pro-benzylamide

40 1.28 g Z2-Val-OH (5.11 mmol) were dissolved in 10 ml
dichloromethane. After addition of 0.73 ml triethylamine
(5.37 mmol) and cooling to -10°C, 0.66 ml pivaloylchloride
(5.37 mmol) were added slowly. Stirring of the mixture at
-10oC for 1.5 h was followed by addition of a solution of

45 2.18 g Meval-{(28,38)-3-Methyl-pyrrolidine-2-carbonyl]-Pro-
benzylamide (5.11 mmol) and 0.73 ml triethylamine (5.37



-10[err]Cfor 1.5 h was followed by addition of a solution of 45 2.18 g

MeVal - [ (2S, 3S) - 3- Met hyl - pyrrolidi ne-2-carbonyl ] -Pro- benzyl am de
(5.11 mol) and 0.73 m triethylam ne (5.37 WO 96/ 40751

PCT/ EP96/ 02392 17 mmol) in 10
m di chl or onmet Q¥ Ryusespe reaction m xture was ~stirred gpbEPbdphad C
for 1.5 h and at roomtenperature overnight, diluted with

di chl oronet hane, and washed with sat. sodi um hydrogen carbonate
(3x), water (1x), 5 %citric 5 acid (3x)Y7 water {1x), and sat. NaCl
(I'x). The organic | ayer was dried over sodium sul fate and

concentrated in mmol) \acdf nb dichlerpmethanet The reaghien mixture \wisam
g)  Val - MeVval - [ ( 2:0%ed3akerBAC §9Fr 81 P dhndnd -ats A96My Fempexature

Pro-benzyl ani de  overnightysdiluje with dichloromethane, and washed with

Z- Val - MeVal - [ ( 2S, 3t -3-508inp bydragen gaybopate (3x), water (1x), 5 % citric
car bonyl ] - Prd- benAR3hi (&) ¢ Matennfde) ,na8p8 §atsHadg (it¥) 30The organic

net hanol . After adivemoiwagf dpiesh oviercspdiumcsuliatss and concentryteddirs ny
10 %'Pal | adi un charasyg tot Kéeld R t7Sod of the produftcafad Ay¥rHoAMated for 3
h. Filtration and evaporation to dryness yielded 2.23 g of the

depr ot ect ed gX ri padrMataksl (é-’ﬁiﬁf)\M?i’xﬁétPBhTﬁYrﬂ%iéﬁﬁﬁézpﬁéﬁ‘aQQﬂdhs
further di skblved i n 5PH-bapFEyamie t he pH adj usted to 2-3 20 with 1 N
HC1. The aqueous | ayer was extracted wth di chl or onet hane (3x),
adjusted to pH 10 it g50f AeNad-Maval-[(2S,38)r3Mathylrpycrelidiner2-

di chl or onet hane (3FarbonydlcErerprnpylamide (Aqyd3 mmely weresdissalved cip oidr
sodi um sul fate and® methan@bnc’efﬁﬁrataéﬂiﬁﬁﬂer#ert?de&lgF'é%gur’ECJfo( 8 d 1.71
g of the 255  dddledp8d’8 &g 40t Padlpdivn/chargoal, the reagtion

Ve[ er r] Val - Val - NeVRHXtUEe yas Igrogenpely FOpy# ribi [Fidigabion and -
carbonyl] - Pro-beiVARCIRLdEn t) drynegs, yiglaped 2 133/9 ofirhe deprpkagted
1.71 g Val - Meval - [gg,egg}de as a dry white foam. The crude product was

3- Met hyl - pyrrol i di -ti‘-eGaFB%?RAE-:PFB- B8nny| wateR 5(? She pH adj;fﬁﬁﬁ% tRe2s3
di ssol ved i4P 32 n¥iFh, IDNFECLs (I0e 2GHPPHE taver was ex E‘TI‘FI’ES? Witdy i DEPCN

(6.48 mmol ) and 1.4¢hdorepethans {3xle adjusted & het & HaRfy. ange
reaction m xture Waxther, pxtracted with dichloromethane (3x). The combined

organic extracts were dried over sodium sulfate and
concentrated under reduced pressure to yield 1.71 g of the
25 deprotected tetrapeptide benzylamide.

h) Me,Val-Val-MevVal-[(28,3S)-3-Methyl-pyrrolidine-2-
carbonyl]- Pro-benzylamide

- 30 0.47 g Me;vVal-OH (3.24 mmol) and 1.71 g Val-MeVal-[(2S,3S8)-
. 3-Methyl-pyrrolidine-2-carbonyl}] -Pro-benzylamide (3.24
mmol) were dissolved in 32 ml dry DMF. After cooling to
40C, 1.07 ml DEPCN (6.48 mmol) and 1.88 ml triethylamine
(12.96 mmol) were added. The reaction mixture was stirred
35 at room temperature overnight and the DMF evaporated under
reduced pressure. The residue was dissolved in 100 ml
dichloromethane and washed with sat. sodium hydrogen
carbonate (3x), water (lx), 5 % citric acid (3x), water
(1x), and sat. NaCl (1x). The organic layer was dried over
40 sodium sulfate and concentrated under reduced pressure to
yield 0.88 g of the product as a colourless oil. The crude
product was dissolved in boiling diisopropylether and
) precipitated upon cooling. The precipitate was collected
and dried to yield 0.56 g of the pure product. The compound
45 was further characterized by fast atom bombardment mass
spectrometry ([M+H]* = 655.6).
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examples 1 and The

acid (3x), water

to

fol |l ow ng conpounq§ weryg PreaR: be prepared according to
exanples 1 agd 2 b Xac Xad 5 4, Xaa Val Xab
Xac Xae Xaxﬂz %é% ¢ ) Xaa Val Xab Xac Xag
7. Xaa Val Xab %% Xab Xac Xai 10 9. Xaa
Val Xab Xac Xak 7' V ac XaI 11. Xaa Val Xab Xac
Xam 12. X VaI ag a& Xaa Val Xab Xac Xao 15
14. Xaa Valn,Xab Xgc X X VaI Xab Xac Xaq 16. Xaa
Val Xab Xac™ Xar ; ag a 1 ac Xas 18. Xaa Val Xab Xac
Xat 20 19. Nhl a@ ag o Xam 20. Xaa Val Xab Xac Xav
21. Xaa Val Xab X% val X ac %i Val Xab Xac Xax 23. Xaa
Val Xab Xac Xay 33 xaa vVal Xab Xac Xao
15 14, Xaa Val Xab Xac Xap
15. Xaa Val Xab Xac Xaqg
16. Xaa Vval Xab Xac Xar
17. Xaa Val Xab Xac Xas
18. Xaa Vval Xab Xac Xat
20 19. Xaa Val Xab Xac Xat
20. Xaa Val Xab Xac Xav
21. Xaa Val Xab Xac Xaw
22. Xaa Val Xab Xac Xax
23. Xaa Val Xab Xac Xay
25 24. Xaa Val Xab Xac Xaz
25. Xaa Val Xab Xac Xba
26. Xaa Val Xab Xac Xbb
27. Xaa Val Xab Xac Xbe
28. Xaa Val Xab Xac Xbd
30 29. Xaa Val Xab Xac Xbe
T 30. Xaa Val Xab Xac Xbf
31. Xbg Val Xab Xac Xar
32, Xbg Val Xab Xac Xas
33. Xbh val Xab Xac Xar
35 34. Xbh Val Xab Xac Xas
35. ¥aa Ile Xab Xac Xar
36. Xaa Ile Xab Xac Xas
37. Xaa Xbk Xab Xac Xar
38. Xaa Xbk Xab Xac Xas
40 39. Xaa Val Xbi Xac Xar
40. Xaa Val Xbi Xac Xas
41. Xaa Val Xab Xac Xbl
42. Xaa Val Xab Xac Xbm
43, Xaa Val Xab Xac Xbn
45 44. Xaa Val Xab Xbo Xae
45. Xaa Val Xab Xbo Xbp



25.

25 | 24. Xaa Val Xab Xac Xaz Xaa Val Xab Xac Xba 26.
Xaa Val Xab Xac Xbb 27. Xaa Val Xab Xac Xbo 28. Xaa Val Xab
Xac Xbd 30 29. Xaa Val Xab Xac Xbe 30. Xaa Val -Xab Xac Xbf
31. Xbg Val Xab Xac Xar 32. Xbg Val Xab Xac Xas 33. Xbh
Val Xab Xac Xofyodrmers; 34- Xbh Val Xab Xac, Xas 35. yeiebdendnab Xac
Xar 36. aa Ire Xab Xac Xas 37. Xaa Xbk Xab Xac Xar
38. Xaa Xbk Xab Xac Xas 40 39. Xaa Val Xhi Xac Xar 40. Xaa
Val Xbi Xac Xas 41. Xaa Val Xab Xac Xb | 42. Xaa Val Xab Xac
Xbm 43. Xas Val Xab Xac Xbn 45 44, Xaa Val Xab Xbo Xae
45. Xaa Val Xab X46.XbBaa Val Xab XborXag/ 40751
PCT/ EP96/ 02392 47. Xaa Val Xab Xbo Xas 19 46. Xaa Val
Xab Xbo Xar 487. XxaaVah|XakaBbRH¥ORas 48. Xaa Val Xab Xbo Xbm
49. Xaa Val Xab X48.Xxa¥ag Val Xap Xbgo¥a®a| Xab Xbq Xar 51. Xaa Val
Xab Xbg Xas 5 592. XzaaVak|Xak,Fbeph¥aXom 53. Xaa Val Xab Xbr Xbp
54. Xaa Val Xab XBil.Xa¥aa(OVal XadsXbg)xd@as\val Xab Xbr Xas 56. Xaa
Val Xab Xbr Xar  52. ¥aa VadhXapaKbIaBbRbhs Xae 58. Xaa Val Xab Xbs
Xas 59. Xa&3val XxabvabXaEb¥sXbP 60, Xaa Val Xab Xac Xbu
54. Xaa Val Xab Xbr Xae _
10 55. Xaa Val Xab Xbr Xas
56. Xaa Val Xab Xbr Xar
57. Xaa Val Xab Xbs Xae
58. Xaa Val Xab Xbs Xas
59. Xaa Val Xab Xbs Xar
15 60. Xaa Val Xab Xac Xbu
61. Xaa Val Xab Xac Xbt
62. Xaa Val Xab Xbg Xbu
63. Xaa Val Xab Xbg Xbt
64. Xaa Val Xab Xac Pro Xbv
20 65. Xaa Val Xab Xac Pro Xbw
66. Xaa Val Xab Xac Pro Xbx
67. Xaa Val Xab Xac Pro Xby
68. Xaa Val Xab Xac Pro Xbz
64. Xaa Val Xab Xbg Pro Xbv
25 65. Xaa Val Xab Xbq Pro Xbw
66. Xaa Val Xab Xbg Pro Xbx
67. Xaa Val Xab Xbg Pro Xby
68. Xaa Val Xab Xbg Pro Xbz
69. Xaa Val Xab Xbo Xaz
30 70. Xaa Val Xab Xbg XaZz
71. Xaa Vval Xab Xbg Xbn
72. Xaa Val Xab Xbo Xbn
35 _
Examples for the MS-characterization of the synthesized
novel compounds are given in the following table.
EXAMPLE
40 [No.} [Mol.-Weight (measured)]
45. 627
- 53. 655



M5- char acteri zation of the synthesized

61. Xaa Val Xab Xac Xbt :
Val Xab Xbqg Xbt 64. Xaa
Xac Pro Xbw 66. Xaa Va
-Pro Xby 68. Xaa Val Xab
Xbv 25 65. 0&§§M¥%| Xab Xbq
67. Xaa Val Xg% g Pro Xby
Xaa Val Xab Xbo Xaz 30 70.
Xbg Xbn 72. Xaa Val Xab

62. Xaa Val Xab Xbg Xbu
Val Xab Xac Pro Xbv 20
Xab Xac Pro Xbx 6
Xac Pro Xbz 64.
Pro Xbw 66. Xaa

68. Xaa Val Xab Xbq
Xaa Val Xab Xbq Xaz
Xbo Xbn 35 20

novel

63. Xaa
65. Xaa Val
7. Xaa Val Xab
Xaa Val Xab Xbq
Val  ¥elmsenizo
Pro Xbz
71.

Xab
Xac
Pro
Xbx
69.

Xaa Val Xab

Exampl es for the
conpounds are given

in

the followi ng tableable I - sefgXédbkFIdentificakisch of Conipoubdsdreepaidd

45,
51
a -
ording to Exanpl es
Sequagnce | D Nunber
35, 36
2

3

4

anal ysis. 40 Adbording to Examples [IMalnd Réi ght (neasured)]
627 53. 655 WO 96/ 407
PCT/ EP96/ 02392 Compound Number(s) 2
Sequence | deatification of Conpounds Prepared Acc
1 and 2 CoppaundgNg3hes9¢ 52
5 1- 34, 39-63, 69-72 1
2 35, 36
10 37, 38
64-68
15
The symbols Xaa in the summary have the following meanings:
Xaa: N, N-Dimethylvaline
20
Xab: N-Methylvaline
Xac: 3,;4-dehydroproline
~N N\v/”\
- Xad: o G-la
- o,
25 Xae: O H,C
N
~ N\T/*\
Xaf: o PQC



10 37, 38 3 64- 68

4 15 The synbols Xaa in the summary have the fol | owi ng ‘meani ngs:
Xaa: N, N- Di et hyl val i ne 20 Xab: N- Met hyl val i ne
Xac: 3, 4-dehydroproline Xad: . - 25 Xae:
Xaf : VR osurad g 5 1 PCI/EP96/02392
PCT/ EP96/ 02392 21

21

Xag: ' (',‘H3
AN N G-'a
I \q\/
Xah: | Hac
~N N\/E"@
Xai: o Haé *
AN NYE-'S
CH,
Xak: O HC
~N N
YCHa
5 Xal: (o) HC

Xam: O HC



Xag: xan: -
VO 96/ 40751
22
WO 96/40751
Xan:
Xao:
Xap:
Xaq:
Xar:

Xas:

] el Xam
PCT/ EP96/ 02392

PCT/EP96/02392

O H,C
S ¢
0 CH:! |
cH,
S
Y o
_ oH,
C
c
S
o Haé CH3



Xan: .

Xas:

Xao:

WO 96/40751

Xat:

Xau:

Xaw:

Xay:

Xap: Xaq: 5

23

Xar :

PCT/EP96/02392



PCT/ EP96/ 02392

WO 96/ 40751
23 _ Xat : - Xau: Xav: Xaw. 5
Xax:
WO 96/40751 . PCT/EP96/02392
24
o
N
7~ N
Xaz: ' \m:’
: ) o )
N N
Xba: o
A0
Xbb: . (o) O\CHs
)»QYN oH,
Xbe: (o]
S Xbd: (o]



Xay': WO 96/ 40751

PCT/ EP96/ 02392 24 Xaz: Xba: Xbb
Xbc:
WO 96/40751 : PCT/EP96/02392
25
. /QWN mQ
\\K:N
Xbf: - o U“la
Xbg: _ N,ﬁ-dimethylisoleucine
5 Xbh: N,N-dimethyl-2-tert.butyl-glycine
Xbi: ' N-methylisoleucine
Xbk: 2-tert.butylglycine
10
(S
N
”~ NYG-"
Xbi: ' (@) H,C

S
’j;;_:Z%T’N PE C}E
oy O

S
/g N /Oy
o\\LCHa
CH,

O

15 Xbo: . L-azetidine-2-carbonyl



Xbd: | Xbe: WD 96/ 40751
PCT/ EP96/ 02392 25

[err] Xbf : Xbg: NN- di et hyl i sol euci ne 5
Xbh: N, N-di met hyl -2-tert-butyl -glycine Xbi :
N- net.hyl i sol euciwgmmeisorss  Xbk: 2-tert. butyl gl y‘il:‘i‘lﬁré's%zsyz
Xbl : Xbm
26
’Qy"v@
Xbp: o
Xbq : (4-fluoro)-L-proline
5 Xbr: (5-methyl)-L-proline
Xbs: . (3-methyl)-L-proline

OH
- QVN\/@
Xbt: o .

10 - Xbu: o
CH,
L
Xbv: ' N/\g/ \/\G'Is
H,C Cl-'sGH

Xbw: 0



Xbn: 15 Xbo: L- azeti di ne- 2-car bonyl WO

96/ 40751 PCT/ EP96/ 02392
26- Xbp: Xbq: _ (4-fluoro)-L-proline 5
Xor : _ (5-methyl)-L-proline Xbs:
g(g net hyl) - L- pr Qg gaers1 OH Xbt permEPc2in
ou: _
27
HyC\~CH,
» \ X Nw
N CH
Xbx: /HOr 8
a"s
Hsc\_/l
s
SN N
N CH
CHs
N
— \/\ma
Xbz HC ©



Xbw

WD 96/ 40751

PCT/ EP96/ 02392

Xbz:

5

10

15

20

25

30

35

40

WO 96/40751

27 Xbx:

PCT/EP96/02392

28

Compounds of this invention may be assayed for anti-cancer
activity by conventional methods, including for example,
the methods described below.

A. In vitro methodology

Cytotoxicity was measured using a standard methodology for
adherent cell lines such as the microculture tetrazolium
assay (MIT). Details of this assay have been published
(Alley, MC et al, Cancer Research 48:589-601, 1988).
Exponentially growing cultures of tumor cells such ag the
HT-29 colon carcinoma or LX-1 lung tumor are used to make
microtiter plate cultures. Cells are seeded at 5000-20,000
cells per well in 96-well plates (in 150 Ml of media), and
grown overnight at 370C. Test compounds are added,

in 10-fold dilutions varying from 10-4 M to 10-10 M. Cells
are then incubated for 48 hours. To determine the number of
viable cells in each well, the MIT dye is added (50 pl of 3
mg/ml solution of 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide in saline). This mixture is
incubated at 370C for 5 hours, and then 50 ul of 25 % SDS,
pPH2 is added to each well. After an overnight incubation,
the absorbance of each well at 550 nm is read using an
ELISA reader. The values for the mean +/- SD of data from
replicated wells are calculated, using the formula % T/C (%
viable cells treated/control).

OD of treated cells
e L L L L x 100 = % T/C
OD of control cells

The concentration of test compound which gives é T/C of 50%
growth inhibition was designated as the ICsg value.

COMPQUND QF EXAMPLE ACs0..[M]
1. 1 x 109
2. 1l x 10-9
45. 1l x 107
53. 1lzx 10-8
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28 Conmpounds of this invention nmay be assayed for anti-cancer
activity by conventional nethods, including for exanple, t he

ret hods descri bed bel ow. A. In vitro nmethodol ogy

Cytotoxicity e b red using a standard net hodol ogy for 1@crEPIGEber ent
cell lines such as the mcroculture tetrazolium assay (MIT).
Details of this assay have been published (Al'ley, MC et al, Cancer
Research 48:589-601, 1988). Exponenti @9l y growi ng cul tures of tunor
cells such as the HT-29 col on carcinoma or LX-1 lung tunor are used
to make 15 nic@gtuhegia$q@§tﬁﬁddm@?gs. Cells are seeded at 5000- 20, 000
cells per well in 96-well plates (in O [err]l of nedia), and

grown overnight at cCofipeuhdé. of Ciis GMventisn Méreddiether tested ifh Felol d
di lutjons varying fqiamiéa] cdsdaM fcr L0 @iedb AbtisGtlySwhich is Aid®iddtRe of
incubated fors48 hauiaicdd €eixity NSucheabiaPeivedle donducted abh GRideSmibe
each wel |, the MIT @ wEiekdagd®@ilsaue] | pPéfekably of Rimih Pidild ORadf

3- (4, b-di net hyl t hi ayein- 2ryhdprarnted (xenog¥h | a8t 1870b1 1 NkkHTI 9 this
saline). This m xtuyiRlas Test com 8t ferat evaluRiteRCEEL t e {10 Wrthi -2 Uflof NEN

50 [err]l of 25 % Y#icacy follvAncs aafldnlstratidmhtdethe Kédsfra¥t-Dearmaght
i ncubation, b nile@.absor bance of each well at 550 nmis read using an

ELI SA reader. The values for the nean +/- SD of data from replicated

wel I's are cal cul at afbreUspédifita 11§, "aumafd Bféadttumors (MXaD] &N had
treated/control). b#én grown in #dhymfict h@dé afidecivete transplanted into new
------------------ Tecipidff mied) UWsing tumor fragmenth WhiclWdrd abRukSso
The concentrxg i on afg i6ssizoNEHEdayhbehtganssiantatfonf wad detignatedr aut h -
i nhi bition was desigpabedsfs tdaenChays] 1atére mice were trédBddudiBhObhe
EXAMPLE test compounds given as|&hEifliraybhod® injection, in groups
of 5-10 mice at each dose. Compounds were given every other
day, for 3 weeks, at doses from 1-100 mg/kg body weight.
20 Tumor diameters and body weights were measured twice
' weekly. Tumor volumes were calculated using the diameters
measured with Vernier calipers, and the formula

(length x width2)/2 = mm3 of tumor volume
25 .
Mean tumor volumes are calculated for each treatment group,
and T/C values determined for each group relative to the
untreated control tumors.

30 The new compounds possess good tumor inhibiting properties.



1. 1 x 10[err] 2.

1 x 10[err] 45, 1 x 10[err]
53. 1 x 10[err] WO

96/ 40751 PCT/ EP96/ 02392

29 t hodol ogy Conpounds of this

further tested ﬁh%%égﬁpE clinical assay for in vivo act|§¢?E$
indicative of 5 - clinical utility. Such assays were conducted mnth nude
m ce into which tunor tissue, preferabﬁ? of human origin, had

been transplanted ( fted s is well known in this field.

Test conpounds meréﬁgeﬁﬂggt g %ngtheir anti -tunor efficacy
foll ow ng adm nistr raft-bearing 10 m ce. Mor e
specifically, hunadqﬁ Eg E J% ich had been grown in

at hyni ¢ nude gice were t'fdns eci pient mce, using

t.Q
tunor fragnents which were a Aengey ellsghatt The day of

transpl antati on was de3|gnaté )a TREET: cﬁﬁ& s°§f§?¥ﬁ§ﬁ?b§8days | ater, mce
were treated with the syl 1‘ g? as, an intravenous

i njection, in groups ) 59 i 9 g dgsrapublik Degigstdanrd wer e gi ven
every ot her 10 day, for %e g 8 fééﬁﬁé?floo ng/ kg body wei ght.
20 Tunor-di ameters and b&f ] tw ce weekl y.
Tunmor vol unes were cal cul at ed8¥st 853%45@#%923 measured with

Verni er calipers, and the f of frly| TELEX: 1762175170 (length x width[err])/2
= mjerr] of tunor volu n tunor vol umes are cal cul ated for

' Mea
each treat group, ?Ei) TITE QFC RN goﬁetliﬁ‘?ﬁlné’ﬁﬂéﬁe%ac%ﬁgroup
relative to the unt r eBFERA ARd Mg & The new conpounds

possess good tunor inhi bi{ing Broperties v e,

(iv) COMPUTER READABLE FORM:
20 (A) MEDIUM TYPE: Diskette, 3,5 inch, 2 DD
(B) COMPUTER: IBM AT-compatible, 80286 processor’
(C) OPERATING SYSTEM: MS-DOS version 5.0
(D) SOFTWARE: WordPerfect

25 (2) INFORMATION FOR SEQ ID NO: 1:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 5 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
30 (ii) MOLECULE TYPE: peptide
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1:

Xaa Val Xaa Xaa Xaa

35

{(2) INFORMATION FOR SEQ ID NO: 2:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 5 amino acids
(B) TYPE: amino acid
40 (D) TOPOLOGY: linear
(ii) MOLECULE TYPE: peptide
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2:

Xaa Ile Xaa Xaa Xaa
45
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30 SEQUENCE LI STI NG (1) GENERAL | NFORNMATI ON

(i) APPLI CANT: 5 (A) BASF Aktiengesel |l schaft

(‘B) STREET: Carl-Bosch-Strasse 38 - (C) CATY: Ludw gshafen
(E) COUNTRY: B bl i k Deut schl and (R 6/0330P 7056
10 nggf’éf’&lj'ELEPHO\IE: 0621/ 6048526 5 H) P
TELEFAX: 0621/ 6043123 (1) TELEX: 1762175170

(ii) TITLE OF I NVENTI ON: Novel peptides, the 3% preparation
and use t hereof (iii)NUVBER OF SEQUENCES: 4

(iv) COWPUTER READRBLE EfgFbhmai*oN FOR SEQ ID No{ A):; MEDI UM TYPE. Diskette,
3,5 inch, 2 DD (i) SEQUENC® CERRRUTERIsIRIE AT-conpatible, 80286
processor () NGl BGahlisd BdiddS- DOS version 5.0

(D) SOFTWARE: WordPerfect 2fB) TYPE?) amihBCEM1 ON FOR SEQ ID NO 1:

(i) SEQUENCHE CHARACTERI STI C®) TOPOLOGY: linear (A) LENGIH 5 am no acids

(B) TYPE: am no acid (ii) MOLECULE TYPED) pd) Y: |inear 30

(ii) MOLECULE TYPE: pep{kfif SEQUENCE DESCREFTIONE@HGNES RESCR PTI ON. SEQ I D
NO 1: Xaa Val Xaa Xaa Xaa 35- (2) 1 NFORVATI ON FOR SEQ I D
NO  2: Xbh) XaDhXddENaE KEARACTERI STI CS: (A
LENGTH. 5 amipno aci ds (B) TYPE: am no acid 40

(D TOPOLOGY: |inear

(2) INFORMATION FOR SEQ ID NO: 4:
(1) SEQUENCE CHARACTERISTICS: .
(A) LENGTH: 6 amino acids
i5 {(B) TYPE: amino aciad
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: peptide
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4:

20 Xaa Val Xaa Xaa Pro Xaa



(ii) MOLECULE TYPE: pepti de | (xi) SEQUENCE DEIMH"I 1“" “mmm)
NO 2: Xaa |l e Xaa Xaa Xaa 45 WO 96/ wne
PCT/ EP96/ 02392 31 ¢ CZ)
I NFORMATI ON FOR SEQ I D NGO 3: (1) SEQUENCE CEARACTERI STI CS
(A) LENGIH:. 5 ) j ds (B) TYPE: am no agtfiepdsnzsz
(D) TOPOLOGY: |1 near (i1) MOLECULE TYPE: peptide
(xi) SEQUENCE DESCRI PTION: SEQ ID NO 3: Xaa Xaa Xaa Xaa Xaa 10
(2) 1 NFORVATION FOR SEQ I D NO. 4: 32i) SEQUENCE
CHARACTERI STI CS: (A) LENGTH: 6 am no acids 15
(B) TYPE: anino aci §e claim: (D) TOPOLOGY: |inear
(ii) MOLECULE TYPE: peptide (xi) SEQUENCE DESCRI PTION: SEQ I D
NO 4: 20 Xaa VYal X¥evelapeamtddrgaof the formulawd 96/ 40751
PCT/ EP96/ 02392
S R1R2N-CHX-CO-A-B~D~E=-(F)¢t~K I
where
Rt is methyl, ethyl, or isopropyl:
10
R2 is hydrogen, methyl, or ethyl;
R1-N-R2 together may be a pyrrollidine ring;

15 a is a valyl, isoleucyl, leucyl, 2-tert-
butylglycyl, 2- ethylglycyl, norleucyl or
norvalyl residue;

B is a N-methyl-valyl, -leucyl, -isoleucyl,

20 -norvalyl, -norleucyl -2-tert-butylglycyl,

-3-tert-butylalanyl, or ~-2-ethylglycyl residue;
D is a 3,4-dehydroprolyl, 4-fluocroprolyl,
4,4-difluoroprolyl, azetidine-2-carbonyl,

25 3-methylprolyl, 4-methylprolyl, or S5-methyl-
prolyl residue;

E is a prolyl, homoprolyl, hydroxyprolyl or
thiazolidine-4-carbonyl residue;
" 30
F is a valyl, 2-tert-butylglycyl, isoleucyl,
leucyl, 2-cyclohexylglycyl, norleucyl,
norvalyl, neopentylglycyl, alanyl, f-alanyl, or
aminoisobutyroyl residue;

35

p 4 is alkyl (preferably Cz-5), cyclopropyl, or
cyclopentyl;
t is 0 oxr 1; and

40 .

K is alkoxy (preferably C;-;), benzyloxy or a

45

substituted or unsubstituted amino moiety;

and the salts thereof with physiologically tolerated acids.
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Rl.err] is methyl, ethyl, or isopropyl,; 10 R[*errc] RS
hydr ogen, nethyl, or ethyl; Rlerr]-N-Rerr] toget her may be a
pyrrol lidine rgndec omkp A is a valyl, isoleucyl, pbppikoeso
2-tert- butyl gl ycyl, 2- ethylglycyl, norleucyl or
norval yl residue; - B i's a Nsnethyl-valyl, -leucyl,

-i sol-eucyl, 20 -norval yl, - nor?%ucyl -2-tert-butyl glycyl,
-3-tert-butylalanyl, or -2-ethylglycyl residue; D s a

3, 4-dehydroprol yl , 24-f| uor offampgunds of formula I or salisdthexentofovl yse
azeti di ne- 2- carbonyl, 25 in medicine ig-panticulazl §or #reating prolyl, or
5- et hyl - npaslpgicad sdiseases. E is a
prolyd, honoprolyl, hydroxyprolyl or .

t hi azol i di ne®4- car Bonyl resifRbarmgceutical wompositiopscomprising a
2-tert-butyl gl ycyl, isol eucypharmaceutically acceptpbleytarrier and a

2-cyct ohexyl gl ycyl, norl eucysherapeutically effectiner amoynt of@compoundcyl ,

alanyl, [err]-alanyl, or of claim 1. “ami noi sobutyroyl residue; 35
X Is alkyl (preferably err]), cyclopropyl, or.
cycl opent yl 10 4. ¢ A og of treahiawe tumor i a mammal s al koxy

(preferably (Jerr]), benzyl ®eppyising administering to aumammalubedring
unsubstituted anmino noiety; such a tumew, ihdumerr inhibibing wimcunt of a
physi ol ogi cal | y tol erated a(go_glp_ouzgg of formula I as defined in claim 1.

15 5. The method of preparing compounds of formula I
according to claim 1 characterized in that they
are prepared according to known methods of
peptide chemistry.
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33 2. Conpounds of formula | or salts thereof for use @oqpY
inmedicine in particular for treating . oncol ogi cal
ti seases. . b5 3. A pharmaceutical conposition conprigemag
pharmaceutically acceptable carrier and a thelg
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are prepared according to known nethods oOf pepti de
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(54) Title: NOVEL DOLASTATIN DERIVATIVES, THEIR PREPARATION AND USE

(57) Abstract
Novel dolastatin derivatives of the formmia (I): R'R2N-CHX-CO-A- 12
-D-E-(F)-K in which R!, R?, A, B, D, E, F, K, X and t have the meanings R R N-CHX~CO-A-B-D-E~(F) -k @
stated in the description, and the preparation thereof are described. The A

novel substances have an antineoplastic effect. i 2




