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- 1- THERAPEUTI C PEPTI DE DERI VATI VES
‘Background of the Invention This invention relates to therapeutic
pepti des. " Several attenpts have been made to prolong the activity of

bi Iobically active peptides. For exanple, peptides have been chemcally
modi fied by synthetically adding sugar noieties to increase the period
during which the peptide is active (Sandoz, WD 88/02756; Sandoz, WO
89/09786; DE 3910667 Al, EPO 0 374 089 A2 (1990); and Breipohl, U S Patent
No. 4,861, 755 (1989)). The addition of cationic anchors (EPO 0 363 589 A2
(1990)) and lipid noieti ' r / , U S. Patent No.
4,837,303 (1989)) has al HE pebri B%ﬁ%@ Ti etinme of the

pepti de. 2 In general, the
present invention pr@ygdemslﬁtwatwgste& bbok;ﬁgragbhha%bp%la%&tIdes

whi ch t t1t tel
'ocated on i he Nt eYRTRERLhECEFPES ShaKeCHARR BRiengonBReRasdnsiety. In

this npdlfladthwnmw'mHEhmamoqﬂcmhxyIanﬂiwanpagnﬁdﬁu z%ﬂb#n&ﬁamgwd
oot 96 a0, Bibletdel T ShRCMGRRANG YA | REidicaray | T

pepti de der tiVes are a ageous i'n ey are |nexpens
bi oconpat i blaeldmmzlsmremuemg%lt@e léﬁlaﬁ%ﬁ thel periabrdating evivich

di ff er ent f%@%&f ttﬂa%remelafdtq@dmswnﬁdzat iwd-g8 | ob PG { I SABE 2, RHY Of the
derivatives which omat ostatin as the ptlde nnletﬁ have |nproved

greatly i nptsé\/é’c?7|§(§t'er‘?@y 3a9ﬁt96§é7l &cti \EPR/ °c
somat ost at i Breipohl, U.[3.0Fataeclo. t4h6861n,VE‘E [ pma‘ge)agt uremea pept i de

derivative cantidilind A ALY URAY | MpPPHEF s89 a2 (1990))
and lipid moieties (Whittaker, WO 91/09837; Jung, U.S.
Patent No. 4,837,303 (1989)) has also been used to
increase the lifetime of the peptide.

e _Inve

In general, the present invention provides
derivatives of biologically active peptides which contain
one or more substituents separately bonded to an amino
group located on the N-terminal end or a side chain of
the peptide moiety. In this modified form, the
derivatives have more potent and prolonged biological
activity than the corresponding unmodified peptide.

The peptide derivatives are advantageous in that
they are inexpensive, highly biocompatible, lack
deleterious side effects, and are compatible with
different forms of therapeutic administration. . In
particular, many of the derivatives which have
somatostatin as the peptide moiety have improved greatly
improved potency and selectivity compared to unmodified
somatostatin.

In one aspect, the invention features a peptide
derivative containing a biologically active peptide
noiety and at least one substituent attached to the
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noi ety and at | east one substituent attached to the

-2- peptide noiety; the substituent is selected fromthe group including
Compounds |, Il, and I1l, where Conpound | is: [err] wher e:

Rlerr] is 0, S, or NR[err] where R err] is Hor ((Jerr]-Cerr]) alkyl;
each Rerr] and Rerr], mdependently, Ts2H(CHerr]OR err], or

CH err])CH err err wher e err] is H or err err])ac

an((jO;[ach }?%eP[FPté%gQ[RPéF]FF' |t|1i‘§eﬁ§’|[ﬂﬁﬁ'htt‘§ﬁnfr Shal S?C%’[ %‘]‘CLI'“‘ 2 Y

C[err]) acyl grefupCiRkaudlinhgRcantoundsher ¢ Ehchamif e11], awilere Compound
Rlerr], indegendently, is Hor (Cl-C6) alkyl; or each Rerr] and

Rerr] is —C% err]CR[err], wherein in R err], each Rerr] and

Rlerr], independently, is Hor ((err]-Clerr])

acyl and mis an integer betweén 1 3, A and 5,
i ncl usi ve; and one of R[e£>3;5r Ef%%?T is (CHerr]Rerr] or
(CHerr]CHOH Rerr], : ere/Rlerr] is CO CHerr], or SOerr],
and nis an |ntegeﬁ{pet 1 and 5, inclusive; and the
remaining Rlerr] or Rerr] is H, (C{err] C‘err])hydroxyalkyl

or (CJerr]-Clerr]) acyl; and Kgfpound |

where:
R, is O, S, or NRg, where Rg is H or (C;-C¢) alkyl;
each R; and Ry, independently, is H, (CHy) ,ORg, or
CH(OR,)CH,0Rg, where Ry is H or (C,~C,)acyl,
and each R; and Rg, independently, is H, (C,-
C4) acyl, or C(Rg) (Ryg), where each Ry and
R;g, independently, is H or (C;-Cg) alkyl;
or each R, and R, is =CHCH,OR,,, wherein in R,,,
each R; and R,, independently, is H or (C,-C,)
acyl, and m is an integer between 1
and 5, inclusive; and
one of Ry or Ry is (CH,),R;, or (CHy) ,CH(OH)R;,,
where R,, is CO, CH,, or SO,, and n is an
integer between 1 and 5, inclusive; and the
remaining Ry or R, is H, (C,-Cg)hydroxyalkyl,
or (C,-C4) acyl; and

Compound II is:

Rl3"O-CH2
Ry 4=0-CH,;-C-(CH3) 4~Ry4-R;7-(CH;y) 1Ry
RlS-O- Hz

where:
each R,;, R;, and R;q, independently, is H or (C,-
C2q)
acyl;
R;¢ is NH or absent;



[err] where: each R err], Rerr] and R err], independently, is H or

(dJerr]- Cerr]) acyl ; R16 is NH or -absent;
- 3- Rlerr] is CO 0, or absent; Rlerr] is CO CHerr],

S err], or absent; and mis an integer between 1 and 5, inclusive;
and n is an integer between 0 and % “inclusive;, and Conmpound 11
I S: [err] ere; ( |s H NHerr], an aronmatic
functional group, OH 17 is co, O, {%IE&% err]) hydroxyalkyl

H Rerr])(Rerr]), SRgfris Cor CH,, SO,, or absent; and
m is an integer between 1 and 5, inclusive; and n

is an integer between 0 and 5, inclusive; and
Compound III is:

CH,)

m

R19‘R20'R21‘§<i;R23T;;?24‘(C32)p'st‘(CHz)q-st

(CH,J

where:
Ryg9 is H, NH,, an aromatic functional group, OH,
(C1-C¢) hydroxyalkyl, H(R;y4) (Ryg) , SO3H, or
absent where each R,; and R,g, independently,
is H or (C,-C¢) alkyl;

Ryo is O or absent;

Ry; is (C;-Cg)alkyl or absent;

R,, is N, CH, O, or C;

-Ry3~ 1is (C;-Cg)alkyl or absent;

R,q is N, CH, or C;

R, is NH, O, or absent;

Ryg is s0,, CO, CH,, or absent;

m is an integer between 0 and 5, inclusive;

n is an integer between 0 and 5, inclusive;

p is an integer between 0 and 5, inclusive; and

q is an integer between 0 and 5, inclusive.

In Compounds I, II and III the peptide moiety is
attached to each of the substituents by a CO-N, CH,-N, or
S0,~N bond between the substituent and a nitrogen atom of
the N-terminus or a side chain of said peptide moiety.



absent where each R err] and R err] independently, Is H or

(dJerr]-derr]) alkyl; Rlerr] is O or absent; Rerr] is
(err]-Cerr])al kyl or absent; Rlerr] is N CH 0, or G

-Rlerr]- is (Cerr]-Cerr])al kyl or abserng;- Rlerr] is N CH or C
Rlerr] is NH O, or absent; Rlerr] is SOerr], CO CHerr], or
absent ; m i drapreteagerd betbhednénand SR, jndais{aeiCgialkyl; n is an

i nt eger bet ween d 5, .Ln&kuUsiyg; p 4 ' r t ween .0 and
el ust verhng W Crot LS Ry fs ¢ P AR ARAOLAER IIRR S

| n ConpoundsRis. Rzoan&2bt | 2DPAe ~Pepti 88enmdPELPti sapet BBReduRooEaBhabf nhe

substituentsidysp £O-d €H2-N, or SgJerr]-N bond between the substituent

and a ni trogen atomygl (e N1 o1 i, 0L 85,98, 0L 81, SEhd pepLl de

enbodi ment s, th&R[ subdtitge] ésr LoGpeund) d;kyin tRier rmbod iden®,0R,GCHis and
Rerr] is C Y , r] i : R ] nd

-Rerr]- ar & %ﬁ%?i%ngk%/h%gsﬁ% of %lgﬁﬁg%glﬂs’l!éy' 4,€£%r sgsgg%hen%l R2&t her
preferred enmdteRPeENdf IThelpn¥BaChoFaseh® gubst PraéarabdyCBipoemd |; in

this enbodi rewf, L2 irg,preahar ’Ylyakhl @i hn@l RO £& rdpsedtt erpativel y, the
substi t uent

may, be "Conpound LI, “i'n which .cas err] is preferably CH err]
or Serr]; %%?’rcf‘flﬁngﬁff'eﬁﬁﬁrﬁ?eﬁﬁb%ﬁ eq’ San&hﬁl[ éPS’Fti%u&%er’rts. I'n
particul ar| y{ oeH gryEdenpIil) j780.5 ot hGHSUHSLICHTERL i S
(HOCH err] G NH (CH) [er .- r’{]E%I - r . In still
ot her enbodi nments ofI%t r%g.lﬁ%g]ﬁeoxg,e e su%gﬁ’ E?Jgrﬁﬁél sirbvo?r%%h?\n’ |’[r}??
preferably, $WPshituenbodsneappouRbedd[l; prefierabllyandnathlisast one of R22
and embodiment, -R,3;- is absent and at least one of R,, and

Ry, is N. Alternatively, both Ry, and R,, may be N,

In other embodiments, the substituent is one of:
HO(CH,), ~ N N - (CH,)co-

and

7N\
HO(CHp), - ¥ N - (CH,),SO,-
272 2/2°Y2

Preferably, the peptide moiety is gselected from
the group including: somatostatin, bombesin, calcitonin,
calcitonin gene related peptide (CGRP), amylin,
parathyroid hormone (PTH), gastrin releasing peptide
(GRP), melanocyte stimulating hormone (MSH),
adrenocorticotrophic hormone (ACTH), parathyroid related
peptide (PTHrP), luteinizing hormone-releasing hormone
(LHRH) , growth hormone releasing factor (GHRF), growth
hormone releasing peptide (GHRP), cholecystokinin (CCK),
glucagon, Bradykinin, glucagon-like peptide (GLP),
gastrin, enkephalin, neuromedins, endothelin, substance
P, neuropeptide Y (NPY), peptide YY (PYY), vasoactive



R24 is N. Alternatively, both R22 and R24 may be N I n ot her

enbodi nents, the substituent is one of: [err] Pref erably,
the peptide noiety is selected fromthe group including: somatostatin,
bonmbesin, calcitonin, calcitonin gene rel asned peptide (CGRP), anylin,
parathyroid hormone (PTH), gastrin rel easi peptlde (GRP), nel anocyte

t | at t h id
ol ated pegt 1LRRRUP oo pdagneroe) |, c0LEARD | LR ALA T, AR 1Y 1 O
growt h hor norey ¢ 3 ¢yl Yakiod P@—R’??%F‘th(ﬁkﬁélpﬁnn eﬁ@l"é‘/&hhg’-rmmde

(GHRP), chol egysddthedn { 0K nd 0 &€ 2gaB i vBEaditiagimenty ,Ucago ard keyept i de
(G&.P), gastri enkegphal i n, neuronedi ns, endot helin, substance P,

neur opepti de ? S peptide YY (PYY), vasoactive

- 5- I ntestinal pefhedpeplife mpimty iis preferably asenytasbatigcbase
activating PRupepld fige ( PAC en@etarcshhlbgomaareo%drewgvcdul in, and

derivati ves, fr%%ggnts nal ogs thereo fgeptlde noi ety iIs
preferably sdkgiR¥ak}n o’?h% ﬂ‘é’P‘l‘-V‘aFFQEl“f REGAEAL 1Sorrgn A6y HHnBder  Most

preferably, tdh fJSrbaI't §L&Bu1-@¥|_9?f'rﬁi' ~NH, D- BR@~Phe-c[Cys-Tyr-
C[QIS'Tyr'DTDr-p'f'rﬁ/-s T%—i??-uwzﬂuz, i Ch- ﬁXi-T¥Cys-fryr -D-Trp-
Lys-Val-Cys]-Thr-NH,. Alternatively, the peptide moiety
is bombesin or a derivative, fragment or analog thereof.
In still other preferred embodiments, the peptide

derivative is one of:

/7 \
HO(CHy) - N /N—(CHZ)CO— D-Phe-c (Cys-Tyr -D-Trp-Lys-Abu-Cys] -Thr-NH,
_
and
/ \

HO(CH,) 5- N\ /N-(C}:z)zsoz— ©-Phe-c {Cys-Tyr-D-Trp-Lys-Abu-Cys | -Thr-NH,

In another aspect, the invention provides a
dimeric peptide derivative containing two biologically
active peptide moieties, and at least one substituent
attached to each of the peptide mcieties. The
substituent is selected from the group consisting of
compounds IV and V, where compound IV has a generic
structure equivalent to compound I, and compound V has a
generic structure equivalent to compound III. In the
dimer, each of the peptide moieties is attached to the
substituents by a CO-N, CH,-N, or S0,~N bond between the
substituent and a nitrogen atom of the N-terminus or a
side chain of one of the peptide moieties.

In yet another aspect, the invention provides a
method for treating a disease, such as cancer, in a



D- Tr p- Lys- Thr- Cys] - Nal - NH2, and H-D- Nal - c[ Cys- Tyr - D- Tr p-

Lys-Val -Cys]-Thr-NH err] Alternatively, the peptide noiety is bonbesin or a
derivative, fragnment or anal og thereof. In still other preferred
enbodi nents, the peptide derivative is one of: [err] In

anot her aspect, the invention provides & 6dimer i ¢ pepti de derivative
cont ai ni ng tmn |olog|cal

4|ve epti de nletleS #ﬁ ai teast one

substi t uent £&ed e ?P%) ?lﬁ%en% &0 5. ARENLISRBELNBUERL i s
sel ected fromhtdwagnmm: mrﬁl@tap@lbic a:rmoqmtlnds the apep¥idaher e conpound
|V has a gengil§ ,a%hiiyid ‘Hees&ql%é’é"ﬁé%ei COf‘PC’ﬁPQﬁérr@@deﬁBQEQHEﬂtg has a

generic structure equivalent to conpoun di mer, eac
pepti de noi etties Pep @RI U %%b%??t%%ﬂ?%m%?talﬁxﬁﬂpaEPfEFF}nN or
SO[err]-N bond betweep theolsghchilliyeactdr@ g Ris LRGN @O idaneant
Anot her aspeft P Shive R Tt deecSie FERNGA #F YBERFRiCaPaPEidEe
such as cancéryving physiological or therapeutic actfvity. 1In

general, this term covers all derivatives, fragqments, and

analogs of biologically active peptides which exhibit a

gualitatively similar or opposite effect to that of the

unmodified peptide.

Brief Description of the Drawings
Fig. 1 is a graph of two growth curves of AR42J
cells in the presence of different somatostatin
derivatives.
escription of the Preferred Embodiments
Peptide Derivatives
In general, peptide derivatives of the invention

contain two separate components: 1) a biologically active

peptide; and, 2) at least one substituent having the

structure of Compounds I, II, and III. Peptide

derivatives made according to the methods described

herein include the following compounds.

Compoun - e ivatives
2 R, B 2,
NS 7;?0 7N
) ’
P‘ —— / 3\: vy
/ \ 2 -NH-R -;\_.-:(C.‘*Ij (C:"lz) - SR,
R,0 O-(CHy) [CH(CH) Ry 5 ~NH~P i



patient; the nmethod includes the step of admnistering to the patient a

t herapeuti ¢ amount of the peptide derivatives described herein. In
preferred enbodi nents, the peptide noiety used in the treatnment is

somat ost ati n. By "biologically agt%v@', as used herein, is neant a
natural |y occurring, reconbinant, and synthetic peptide having

physi ol ogi cal rapew i c pact invi ty. | en I LS.Le rs all
derivatives,“?%%ﬁ%gﬁt ' and gﬁé!gaé of'b?bgbg$%§l?yggét?%eégggg¥§es whi ch
exhibit a quiignednvand HHTF aridrtioppbiriederrddy e6tiNgt PePtide
unnodi fi ed pepliets.. In these éﬁb@diﬁbﬁﬁﬁlpthénNﬁf?fB&pDﬁawﬂagated onf
Fig. 1is a g X 0 r ,0 2).cells_ipn,.the presence o
di fferent so%ﬁlt%g& g{%z&lgg‘earqfl v%&&i]v(gggfé' Lhé{%eégrlgiﬁ iBﬁBS gfehgngr Perred
Enbodi ment s PeRrefems ithe ivemainder ofnthenpentidgepti de derivatives of

the inventiog SELR B L ¢ PeRENts: 1) a biologically active
pepti de; andf5g§2%%ﬁ?é%%?lﬁﬁ€-§ﬁﬁ§FTTU§ﬁT_having the structure of Conpounds
I, 1l, and I1l. Peptide derivatives nmade according to the methods descri bed
herein include the follow ng,geoporpds. Conpound |-Based Derivatives

[err]

Rl4-0"CH2 -C- ( CHz ) m"'Rls"Rl-" (CHz) n‘Rla-NH-p !
RIS-O-Cﬂz

wherein R;i, Ry4, Ry, Rygs Ryy, Rjg, m, n, and NH-
P’ are as defined herein.

Compound -Based Derivatives

Ra3 = Ryg~Ryg~(CHj) p~Ryg~NH-P'

wherein Ryg, Ryo, Rpys Rpar Rp3r Ryqs Rpgy Rygr m,
n, p, and NH-P’ are as defined herein.

In addition to the structures shown above,
compounds made according to the invention include peptide
derivatives containing two or more substituents attached
to one peptide moiety. These embodiments of the
invention are derivatives of biologically active peptides
which have more than one free amino group, e.g., a lysine
residue.

The invention also provides dimeric peptide
derivatives containing two peptide moieties bound to a



-7- wherein Rerr], Rerr], Rerr], Rerr], Rerr], Rerr], and n are as
defined herein, and NHHP' is the biologically active peptide noiety. In

t hese enbodi nents, the NH group is located on the N-term nal end or side
chain of the peptlde and P' represents thg remainder of the peptide.

Compound 11 -based Derivatives [err] wherein Rerr],
Rlerr], R[erghngﬁgerUbséifﬂéHb [gfﬁrj £WB ébaéyﬁhﬁ%ﬁ gﬁa?&&saﬁmgﬁé'egd
hereln. ased Deriva |ves [err] erein

Rlerr], R[erP]suRFEﬂFPeqﬂeﬂ 1ComR¥ M VRerr], Rerr], Rerr], m n, p,
and NH-P' are as defThedpéptéda. derlvatlwasaddlthenihaehh&dﬁraﬂﬁLwes shown

above, compoyads 184S eAC Y YA dfi ddify WAL B I HEE PEPLEPES £rom
the following group: somatostatin, bombesin, calcitonin,
calcitonin gene related peptide (CGRP), amylin,
parathyroid hormone (PTH), gastrin releasing peptide
(GRP), melanocyte stimulating hormone (MSH),
adrenocorticotrophic hormone (ACTH), parathyroid related
peptide (PTHrP), luteinizing hormone-releasing hormone
(LHRH), growth hormone releasing factor (GRF), growth
hormone releasing peptide (GHRP), cholecystokinin (CCK),
glucagon, bradykinin, glucagon-like peptide (GLP),
gastrin, enkephalin, neuromedins, endothelin, substance
P, neuropeptide Y (NPY), peptide YY (PYY), vasocactive
intestinal peptide (VIP), guanylin, pituitary adenylate
cyclase activating polypeptide (PACAP), beta-cell tropin,
adrenomedulin, or derivatives, fragments, or analogs of
any of the foregoing.

In especially preferred embodiments, the peptide
meoiety is somatostatin or a derivative, fragment, or
analog of somatostatin. Somatostatin analogs which can
be used in accordance with the present invention include,
but are not limited to the following compounds:

H-D-g-Nal-Cys~Tyr-D-Trp-Lys-Thr-Cys-Thr-NH,;

H-D-Phe-Cys-Phe~D-Trp-~Lys-Thr-Cys-g-~Nal-NH,;

H-~D-Phe-Cys-Tyr-D-Trp~Lys-Thr-Cys-g~Nal-NH,;

H-D-g~Nal-Cys~-Phe-D-Trp-Lys—-Thr-Cys-Thr~NH,;

H-D-Phe-Cys-Tyr-D-Trp-Lys-Thr-Pen-Thr-NH,;

H-D-Phe-Cys-Phe-D-Trp-Lys~Thr-Pen-Thr-NH,;

H~-D-Phe~Cys-Tyr-D-Trp-Lys-Thr-Pen~Thr;

H-D-~Phe-~Cys-Phe~-D-Trp-Lys-Thr-Pen~Thr;

H-Gly-Pen-Phe~D-Trp~-Lys-Thr-Cys~Thr;

H-Phe-Pen-Tyr-D-Trp-Lys-Thr-Cys-Thr;

H-Phe-Pen-Phe~-D-Trp-Lys-Thr-Pen-Thr;



derivatives containing two or nore substituents attached to one peptide
noi ety. These enbodi nents of the invention are derivatives of biologically
active peptides which have nore than one free am no group, e.g., a lysine
resi due. The invention also_provldgs_dineric pepti de derivatives
containing two peptide noieties bound to

8 - single substityent [ k n a S und.to a
substituent of Cbnpdﬁn Bhg =Eys- %thg égéthg 8§?|§§ |$gg g ‘the invention
are derivatives of bioPogheafy§- BB?rOeTEEpPVQe§h§eF¥§t€5rfNBm1the f ol | owi ng

group: somatostatin, Hb@n@@gL@yscayeLbomt ,ngLobuoayg gggegﬂgLated pepti de
i

CCRP I I tid GRP) ,
e P AL BL L SOLTRLE GEAEL s Gasbh 1ot ELageLrg, port) oo (o

par at hyroi d rel at ed JpeptPoe-CPSHIPY karprnysrﬁglhcyanﬁerrsﬂgasing hor none

bept | He (GHRD) h3L0|%FDﬁ?%ﬁaﬁrﬁgzécxgoirrgﬁiéBXQiQB% 3, EER BT Ccagon. i ke
peptide (GLP), gastrimD-BARzprarfur- eﬂFBnéUPngaleﬁvérFEFrﬂﬂzéubstance P.
neur opeptide Y (NPY)acpepbheeryy” 4@@@9-@@@9&&\1@1%&&5&&%%%“ de

(M P), guanylin, pituitar se activatin tide
( PACAP), beta-cel | t%%p?ﬁg égrghdﬁtﬁ'éy ? RefreatYse ﬁnents or
anal ogs of any of thenhtexegpi ng. In especially preferred

enbodi nents, the pep _ S t iyati _fLagnent,
or anal og of sonatoS%%??nﬂR%ghafh%t g ?%gsbaﬁréh %Hﬁﬁé %§%d$?ﬁ
accordance with the ¥iesent |nvent|on |nclude but are not limted to the

fol I owi ng Conpound53Ac-D-hAr Bu) -G1 s-Phe-D-Trp-Lys-Thr-Cys-Thr-
H—D—[err]-NaI-Cys-Tyr-D—Trp ( %hr %ygyThr-NH err Y ~cY *

H D- Phe- Q/s-Phe-DTrWiz_"ys-Thr-Q/s [err]-Nal-NH err]
Ac-D-hArg(Et),~Cys-Phe-D-Trp~Lys-Thr-Cys-Thr-NH,;
Ac-L-hArg(Et) ;,~Cys-Phe-D-Trp-Lys-Thr-Cys-Thr-NH,;
Ac-D-hArg (CH,CFj) ,~Cys-Phe-D-Trp-Lys-Thr-Cys-Thr-
NH,;

Ac-D-hArg(CH,CF;) ,~Gly-Cys~Phe-D-Trp~Lys-Thr-Cys-
Thr-NH,;

Ac-D~hArg(CH,CF4) ,~-Gly-Cys-Phe-D-Trp-Lys-Thr-Cys-
Phe=~NH,;

Ac-D-hArg(CH,CF;) ,-Gly~-Cys~Phe~D-Trp~Lys~Thr-Cys-
Thr-NHEt;

Ac~-L-hArg(CH,~CF,) ;~Gly-Cys-Phe-D-Trp-Lys-Thr-Cys-
Thr-NH,;

Ac-D-hArg(CH,CF;) ,~Gly-Cys-Phe-D-Trp-Lys (Me) -Thr-
Cys-Thr-NH,;

Ac-D-hArg(CH,CF;) ,-Gly-Cys-Phe-D-Trp-Lys(Me) -Thr-
Cys-Thr-NHEt;

Ac~-hArg(CH;, hexyl)-Gly-Cys-Phe-D-Trp-Lys-Thr-Cys-
Thr-NH,;

H-hArg(hexyl,) -Gly-Cys-Phe-D-Trp-Lys-Thr-Cys-Thr-
NH,;



o it i e

H D- Phe- Cys-Tyr-D- Trp-Lys-Thr-Cys-[err]-Nal-NH err];
H D-[err]-Nal - Cys- Phe-D- Tr p- Lys- Thr- Cys- Thr - NH2;

H D- Phe- Cys- Tyr-D- Tr p- Lys- Thr - Pen- Thr - NH2;
H—D-Phe-Cys-Phe-D-Trp-Lys-Thr-Pen-Thr-NHgb _

H D- Phe- Cys- Tyr- D- Tr p- Lys- Thr - Pen- Thr ;

H- D- Phe- Cys- Phe- D Tr,p- Lys-,Thy n-_Hir, . - -D- - - - - -
H d y- Pen- Phe- D Tr pﬁ?y?%é;é?hpl Cys-FPhe-D-Trp-Lys-Thr-Cys-Thr

H Phe- Pen- Tyr - D- Tr pNHE&/Thr - Cys- Thr;

H- Phe- Pen- Phe- D- Tr paler$-HArQet) LHGly ~Cys-Phe~D~-Trp~Lys-Thr-Cys~Pha-9-
H D- Phe- Cys- Phe-D- Trp- Lys- Thr - Cys- Thr - ol ;

H D- Phe- Cys- Phe- D Trp=2llys- Thr - Cys-Thr-NH err];

H D- Tr p- Cys- Tyr - D- THxdpjisnydl -l EINH & I~ Cys~Phe~D-Trp~Lys (1Pr) -
H-D-Trp-Cys-Phe-D-TﬁgﬁLxsﬁlh&&C%gﬁﬁhr-NH[err];

H D- Phe- Cys- Tyr-D- Tr p- Lys- Val - sfmnNWeHL

H D- Phe- Cys- Tyr- D- Tﬁ&ilf}s&'%ﬂl RS NgferRTrp-Lys-Thr-Cys-Gly-

H- D- Phe- Cys- Tyr - D- TraxdgyEey Lﬂggg-Thr-NH[err];

Ac- D- Phe- Lys*-Tyr-D-Trp- Lys-Val - Asp- Thr- NH.err
Ac-hArg(Et)[err]-(]ﬁ“fﬁ%éqﬂﬁ$q§pﬂﬁéiﬁﬁéﬁﬂﬁﬂQS@A'q§97¥¥iiﬁnﬁfcys“Thr'

Ac-D-hArg(Et)[err] - @GHy;Cys- Phe-D-Trp-Lys-Thr-Cys-Thr- NHerr];
%_
S

Ac- D-hArg(Bu)-Qdy- Rhe-0- Tr - s Thi- - - ertd:
Ac- D-hAr SE Et g [orr] - G5 'ﬁ‘e‘?ﬂ‘#ﬁ%%ﬁ F%E-T?ﬁ??%“éﬂy‘CYS‘Phe-D-
Ac- L-hAr g(Et) 2- Cys- B@-D- Trp- Lys- Thr- Cys-Thr-NH err]; Ac-D-hArg (CH2CF3)

2- Cys- Phe- D Tr p- Lys 1 Thrr@us-cliy-ri¥HhgL .l ; Ac-D-hArg
(CHerr]CFlerr]-dy-Cys-Phe-D-Trp-Lys-Thr-Cys-_Thr-NH err];
Ac- D- hAr g( CH2CF3) 2-“@‘%‘@;}‘5‘11@&5?1:3;3?9%5?% CBoSF 3 i Iy erg1ohe-

D-Trp-Lys~-Thr-Cys-Phe~NH,;
Ac-D-hArg(Et},-D-hArg(Et),-Gly-Cys-Phe~D-Trp-Lys-
Thr-Cys-Thr-NH,;
Ac-Cys-Lys—~-Asn-4-Cl-Phe~Phe~-D-Trp-Lys-~-Thr-Phe-~
Thr-Ser-D-Cys=NH,;
Bmp-Tyr-D-Trp-Lys-Val~Cys~Thr-NH,;
Bmp-Tyr-D-Trp~Lys-Val~Cys~Phe~NH,;
Bmp-Tyr-D-Trp-Lys-Val-Cys-p-Cl-Phe~NH,;
Bmp-Tyr-D-Trp~Lys-~Val-Cys-g-Nal~NH,
H-D-8~Nal-Cys-Tyr-D-Trp-Lys-Val-Cys-Thr-NH,;
H-D-Phe~Cys~Tyr~D-Trp-Lys-Abu~Cys-Thr-NH,;
H-D-Phe-Cys-Tyr-D-Trp-Lys~Abu~Cys-g-Nal~NH,;
H-pentafluoro-D~Phe-Cys~-Tyr-D-Trp-Lys-Val-Cys~-Thr-
NH,; '
Ac~D-8-Nal-Cys-pentaflucro-Phe~-D-Trp~Lys~Val-Cys-
Thr-NH,;
H~D-g-Nal-Cys-Tyr-D~Trp-Lys-Val-Cys-f-Nal-NH,;
H~D-Phe-Cys-Tyr-D-Trp~Lys-Val-Cys~fg-Nal~-NH,;
H-D-8-Nal-Cys-Tyr-D-Trp-Lys-Abu~Cys-Thr-NH,;
H-D-p-Cl-Phe-Cys~Tyr-D-Trp-Lys-Abu-Cys-Thr~NH,;
Ac~-D-p-Cl-Phe~Cys-Tyr-D-Trp-Lys-Abu-~Cys-Thr-NH,;



Ac-D-hArg (CH err]CF[err]-dy-Cys-Phe-D Trp-Lys-Thr-Cys- Thr-NHEt;
Ac-L-hArg(CH err]-CF[err]-Ady-Cys-Phe-D Trp-Lys-Thr-Cys- Thr-NH err];
- Ac-D-hArg (CH2CF3) 2-dy-Cys-Phe-D-Trp-Lys (Me) -Thr- Cys-Thr-NH2;
Ac- D- hArg(CH2CF3) 2-d y-Cys-Phe-D Trp-Lys (Me) -Thr- Cys-Thr-NHEt;
Ac-hArg(CH err], hexyl)-dy-Cys-Phe-D Tr@-lLys- Thr - Q/s- Thr - NH2;

H hAr g( hexyl 2) - GI y- Cys- Phe- D- Tr p- Lys- Thr - Cys- Thr - '1”

- 10 - Ac-D hArg( EtH1RTPRe¥Ys T3 PPIEDDTTPDLK§SV§'¥|T 3 l'ﬂﬁrNHNHEt
Ac- D- hAr ?( Et )h[ er E] ?%%WSWEPBLTEpIh?i%SE’hEr- oy Thr - N ]
Propi onyl -D-hArg(Et) [ er e- | : Cys-Thr - errj;
Ac-D-[err]-Nal-dy- é?' 1{35%1 %{ﬁ' B E’A/pxeé% ﬁ%"g%% [err]-NH[err];
Ac- D-Lys(i Pr)-d y- OryFle- CPﬂ?P'pP!&ysD‘f‘Hrp@sMé'hbysNHPErPI]Ie) Ac-D hArg

(CH err] CFlerr]-D- hRng Q{@félﬁ%&ebbbr@-rﬁ §YenFhR-1ee-BREY ;
Lys- Thr - Cys- Thr-NH[err (CHerr]CFlerr]-DhArg
(CH err]CF[err]-dy- cPh(aN ’EF‘P? aryRr TRr TEpslphaTRFpPhe) ;
Ac- D- hArg( Et) 2- DgArcgﬁcEIc) L@pfd; @y—@srﬁheyﬁ-fnﬁatuss) Thr-Q/Q/s TFr-Ni—I[err];
Ac- Cys- Lys- Asn- 4- Pher Phes D- Teb- Lys~ Thr - Phe. [-D-Cys-NH err
Brp- Tyr - D- Tr p- Lys- V14 ‘géy (%1 I\ﬁg-g B Trp=Lys Thr “bhe F

cyclo (P*o-Phe L-Trp-Lys~Thr-FPhe) ;

cyclo (Pro-Phe-D-Trp(F)-Lys-Thr-Phe);

cyclo (Pro-Phe-Trp(F)-Lys-Thr-Phe);

cyclo (Pro-Phe-D-Trp-Lys-Ser-Phe);

cyclo (Pro-Phe-D-Trp-Lys-Thr-p-Cl-Phe);

cyclo (D-Ala-N-Me-D-Phe-D~Thr-D-Lys-Trp-D-Phe);
cyclo (D-Ala-N-Me-D-Phe-D-Val-Lys-D-Trp-D-Phe);
cyclo (D-Ala-N-Me-D-Phe-D-Thr-Lys-D-Trp-D-Phe) ;
cyclo (D-Abu-N-Me-D-Phe-D-Val-Lys-D-Trp-D-Tyr):;
cyclc (N-Me-Ala-Tyr-D-Trp-Lys-Val-Phe);

cyclo (Pro-Tyr-~-D-Trp-4-Amphe-Thr-Phe);

cyclo (Pro-Phe-D-Trp-4-Amphe-Thr-Phe);

cyclo (N-Me-Ala-Tyr-D-Trp-4-Amphe-Thr-Phe);
cyclo (Asn-Phe-Phe-D-Trp-Lys~Thr-Phe~Gaba);
cyclo (Asn-Phe-Phe~-D-Trp~Lys-Thr-Phe-Gaba-Gaba) ;
cyclo (Asn-Phe-D-Trp-Lys-Thr-Phe);

cyclo (2sn-Phe-Phe-D-Trp-Lys-Thr~Phe~NH(CH,) ,CO);
cyclo (Asn-Phe-Phe-D-Trp-Lys-Thr-Phe-f-Ala);
cyclo (Asn-Phe-Phe-D-Trp-Lys-Thr-Phe-D-Glu}~-0OH;
cyclo (Phe-Phe-~-D-Trp-Lys-Thr-Phe);

cyclo (Phe-Phe-D-Trp-Lys-Thr-Phe-Gly);

cyclo (Phe~Phe-D-Trp-Lys-Thr-Phe~Gaba);

cyclo (Asn-Phe-Phe-D~-Trp-Lys-Thr-Phe-Gly);
cyclo (Asn-Phe-Phe-D-Trp(F)-Lys-Thr-Phe-~Gaba);
cyclo (Asn-Phe-Phe-D-Trp(NO,)~Lys-Thr-Phe-Gaba);
cyclo (Asn-Phe-Phe-Trp(Br)-Lys-Thr-Phe-Gaba);
cyclo (Asn-Phe-=Phe-D-Trp-Lys-Thr-Phe(I)-Gaba);



Bnp- Tyr - D- Tr p- Lys- Val - Cys-Phe-NH err] ;

Bnmp- Tyr - D- Tr p- Lys- Val - Cys- p- 0 - Phe- NH2;

Brp- Tyr - D- Trp- Lys-Val - Cys-[err]-Nal -NH err]

H D [err]-Nal-Cys-Tyr-D Trp-Lys-Val - Cys- Thr - NH2;
H D- Phe- Cys- Tyr - D- Tr p- Lys- Abu- Cys- Thr - NH&2 -

H D- Phe- Cys- Tyr-D- Tr p- Lys- Abu- | - N
H pent af | uor o- D- Phe-%ﬁi?y@ﬂ’%g‘?[gégvgl\% |Iﬂ!‘ﬁr Tl’rNﬁF'é'r(fB]‘t) -Gaba) ;
Ac-D-[err]-Nal - Cys- pentadl (Bmp~ Bhel-—Ds?ﬁrBFEyi’]h‘dabl-@ypi L?IsihTNHf-eme]-Thr-
HD-[err]-Nal -Cys-Tyg: L Val -Cys-[err]-Nal-NH err
H D- Phe- Cys- Tyr-DTrfp’) ‘?&%)a% [err]-Nal-NH err
H D-[err] - Nal - Oys- TY¥¥®LSr pBRP3 ﬁﬁuheygquﬁr‘?ﬂﬁ[’@l"r p-Lys-Thr~Phe-Thr-
H- D- p- O - Phe- Cys- Tyrefhdeps b yerAbu- Cys- Thr - NH2;
Ac- D- p- d - Phe- Cys- Tyr-D% - Lys- Abu- Thr
H D- Phe- Oys- [ err] - Na&f¥BF9r B§E§§;‘¥/3r5%-mf‘ﬁr PHﬁ[’Br FfP-Lys-Thr-Phe-Thr-
H D Phe- Cys- Tyr-DTr'xpdryG)r:Q/sEiI;é- NH[ ke‘rr]ﬁ cyclho Tti. ohe)
(Pro-Phe-D-Trp- N- Me- Lysy J KBS ﬁ& 9p Blﬁhﬁ-ﬁ'-'?ﬂr-ﬁy&—'i‘ﬁ'r%ﬁé— hx=n€):
cyclo (Pro-Phe-DTrp- T e); cyclo
(N- Me- Al a- Tyr - D- Tr p- N;?/Tse‘irhﬁyﬁ’he?mcycl 0 (Pro-Tyr-D-Trp-Lys-Thr-Phe); cyclo
o e T B LS Lpneehe: bonep e b o R o) L e
Pr o- Phe- D- Tr p- Lys- S&¥€ Eﬂe phéy?ﬁ% bp’}'g ?(Ks %?FpBE‘ DT%F“" pSePapie): cyclo
D- Al a- N- Me- D- Phe- D-dye1®- [FaedPheEDPEp( 5€YeLgs-Thr-Phe-Phe-Gaba) ;
D Al a- N- Me- D- Phe- D s Ly$z D Ten-C el C _ _ N
D- Al a- N- Me- D- Phe- D#’%%ygg%‘%g?%gﬁe?; 1855195 (Ac) ~Thr-Phe-nu

(CHy) 3-C0) ;

cyclo (Lys-Phe~Phe~D-Trp-Lys-Thr-Phe-Gaba);
cyclo (Lys-Phe~Phe~D-Trp-Lys-Thr-Phe-Gaba); and
cyclo (Orn-Phe-~Phe~D-Trp-Lys-Thr-Phe-Gaba)

where Lys™ indicates an amide bridge formed between Lys®

(
(
(
(
(
(

and Asp.

The peptide compounds listed above are described
in the following references, each of which is
incorpocrated herein by reference:

EP Application No. P5 164 EU; Van Binst, G. et al.
Peptide Research 5:8 (1992); Horvath, A. et al. Abstract,
"Conformations of Somatostatin Analogs Having Anti-tumor
Activity", 22nd European Peptide Symposium, September 13-
19, 1992, Interlaken, Switzerland; PCT Application WO
91/09056 (1991); EP Application 0 363 589 A2 (1990); EP
Application 0 203 031 A2 (1986); U.S. Patent Nos.
4,904,642; 4,871,717; 4,853,371; 4,725,577; 4,684,620;
4,650,787; 4,603,120; 4,585,755; 4,522,813; 4,486,415;
4,485,101; 4,435,385; 4,395,403; 4,369,179; 4,360,516;
4,358,439; 4,328,214; 4,316,890; 4,310,518; 4,291,022;



cyclo (D Abu- N- Me- D Phe-D-Val -Lys-D Trp-D-Tyr); cyclo

(N-Me- Al a- Tyr-D-Tr p- Lys-VaI -Phe); cyclo (Pro-Tyr-D Trp-4- Anmphe- Thr - Phe) ;
cycl o (Pro-Phe-D- Trp- 4- Anphe- Thr - Phe); cyclo

(N- Me- Al a- Tyr - D- Tr p- 4- Anphe- Thr - Phe) ; cyclo

( Asn- Phe- Phe- D- Tr p- Lys Thr - Phe- Gaba) cyctd ~

(Asn- Phe- Phe- s Thr e

( Asn- Phe-DTr‘g—?_{/@L ’ripﬁei,fgc?g? %‘? PhaSPh é Eﬁ%rBSEys“Tr‘r?"PﬁésmH
(CHerr]CO; «€ycd®, §¥sn-Phd- PhEEDrTW) Lys-Thr-Phe-[err]-Ala); cyclo

(Asn- Phe- Phe- D- Tr p- Lyg; Iﬁ @%J@S@ﬂ@tlﬁjéna é’lxsted above,

(Phe- Phe-D- Tr p- Lys- Thr- ). .cy c 0 (Phe-Phe-D- ¥s Thr-P (]y% cyclo
( Phe- Phe- D- Tr3R8R -aHhid Pﬁ%st%%%) agythg structurd o C(R)H in
(Asn- Phe- Phe-x letp- !LyiSsTﬂ:tISe Rhtdé&d yhainycldnes between amino acid

(Asn Phe- Phel_D

L5a e e SRV e MR ot e DD IR

(Asn Phe- Phe-a% ikk$- Lyﬂ:qmrtmeqm;n@a@g;d res:.due is optically active,

-12 - P€VEd S Foen FEen P diPatysn Tohay i 6BYhte(aRa) uniess CYClO
( Bnp- Lys- Asn- Phe- Phe- D- Tr p- Lys- Thr - Phe- Thr - Pro- Cys) - OH,

cycl o ( Bnp- Lyheasti- et Phe- $¥RFRS§ % - q‘ﬁﬂ‘lﬁh%t?‘ﬁr When twpgYSys)- OH:

CyC: 0 Egrm t%éﬂhﬁ%ﬁﬁ%%%é@t Ly - T - E@ptmé, a dlsuleQeQSS')idgé

cycl o (Bnp-Lys n- e r - ;
Cyol o (Pho- P SOFAET A e b B et paf SEiee.  Thig) poRd, Rowkver, O

( Phe- Phe- Dfﬂqslnnm'ﬁne¢Mexi>GME Ladtéd residuesyclo

( Phe- Phe-D- Tr p(5F) - LX&?XQf°$E31§h§ %ﬁg@ked somatdHHdn analogs of the

(Asn- Phe- Phe- D- Tr p- Lys
invention are of the following formula:

Ry

N
/

R,

Al"Az "'Aa"'D"Trp-LYS-As"A7"A8"'R3

wherein A, is a D- or L-isomer of g-Nal, Trp, B-pyridyl-
Ala, Phe, substituted Phe, or deleted; and each A, and a,,
independently, is Cys, Asp, or Lys. These moieties are
covalently linked to each other via a disulfide bridge or
an amide bridge. In addition, A, is f-Nal, Phe, or o-,
m-, or p-substituted X-Phe where X is a halogen, OH, NH,,
NO, or C,_3 alkyl; Ag is Val, Thr, Ser, Ala, Phe, g-Nal,
Abu, Ile, Nle, or Nva; and Ag is Phe, Thr, Tyr, Trp, Ser,
B-Nal, an alcohol group, or deleted; each R; and R,,
independently, is H, lower acyl or lower alkyl; and Ry is
OH, NH,, or deleted. Preferably, when one of A, and A, is
Cys, the other is also Cys; when Ag is an alpha-amino
alcohol, R, is deleted; and when neither of A, and A, is
Cys, A, is different from A,.



(CHerr]-CO; cycl o (Lys-Phe-Phe-D- Trp-Lys- Thr - Phe- Gaba) ;

cycl o (Lys-Phe-Phe-D Trp-Lys-Thr - Phe-Gba); and cyclo

(O n- Phe- Phe- D- Tr p- Lys- Thr - Phe- Gaba) where Lys* indicates an am de bridge
formed between Lys and Asp. The pegalde conmpounds |isted above are
described in the foll owi ng references, of which is incorporated hereln

by reference: l4i e

Pepti de Research 5 S%QQZQII%EVM mffgﬁééﬁ%%s%/%gciﬁwﬂ%o%%r%% |ons
of Sonatostat?%P?ﬁb?%@% #R%Fng Anti-tumor Activity", 22nd European Peptide
Synposi um  Sept enber ME3-D~Fhe-L92, Ty mI -aker: p-Su 4 -2ed 1 aogls ~ T -Rpp} i cation
WO 91/ 09056 (1991); I 03635 plication O
203 031 A2 (1986); uﬁgﬁg&t %?%\lo rﬁg%zp g"zﬁ%{%@o&il 3, 371;
4,725,577; 4,684, 620E-P¢50,-FYE - EynﬁﬂrTERerﬁf%Er7@M§~TMEﬁmH§ﬂ3

4, 486, 415; 4, 485, 101Hd@#$y@;§¥g f%?L 365 gmﬁhSJG

4,358, 439; 4, 328, 214, 316 ??;310 ; fh291 0 ~th

4,238, 481; 4, 235, 886H7912§$7EM§ WP Ber XPHERFIQMF Ha Yyl g1 Aanding
4,133, 782. | N Hi-iDe- PhHRATYRS{To X D - -Igyss + T -k Srtwe-o BACh amino acid
resi due has the structure of NHC(RHCO, in which Ris the side chain;

| i nes between am no acid residues represent peptide bonds which join the
am no aci ds. Wen t h@namitheracmboddsiethtss i Sl igpdr addnatamttatein idna bodgde
L-form confi ng d u : .expressly

desi gnat ed. 8@%6{59 §ﬁ$%§?dﬂ%ggaggep?é22§fkpﬁ E%%BEQh%E a disulfide
bridge is forned between the two noieties. This bond, homever, i's not shown
inthe |listed residug§.

N
e

R,

Al-aA%-A3-D-Trp-Lys-ab-a7-a%-R,

wherein Al is a D- or L- isomer of Ala, Leu, Ile,
Val, Nle, Thr, Ser, g-Nal, f-pyridyl-Ala, Trp, Phe, 2,4-
dichloro-Phe, pentafluoro-Phe, p-X-~Phe, or o-X-Phe,
wherein X is CH,, Cl, Br, F, OH, OCH; or NO,;

A% is Ala, Leu, Ile, Val, Nle, Phe, B-Nal,
pyridyl-Ala, Trp, 2,4-dichloro-Phe, pentafluoro-Phe, o-X-
Phe, or p-X-Phe, wherein X is CHy, C1l, Br, F, OH, OCH; or
NO,;

A% is pyridyl-Ala, Trp, Phe, B-Nal, 2,4-dichloro-
Phe, pentafluoro-Phe, o-X-Phe, or p-X-Phe, wherein X is
CH;, Cl, Br, F, OH, OCH; or NO,;

AS is Val, Ala, Leu, Ile, Nle, Thr, Abu, or Ser;

A7 is Ala, Leu, Ile, Val, Nle, Phe, g-Nal,
pyridyl-Ala, Trp, 2,4-dichloro-Phe, pentafluoro-Phe, o-X-
Phe, or p-X-Phe, wherein X is CH,, Cl, Br, F, OH, OCH; or
NO,;



Additionally preferred somatostatin anal ogs of the invention are of the

follow ng formula: [err] wherein Alerr] is a Do or L-isoner of
“[err]-Nal, Trp, [err]-pyridyl- Ala, Phe, substituted Phe, or deleted; and
each Alerr] and Alerr], independently, is Cys, Asp, or Lys. These noieties
are covalently linked to each ot her vi a‘al%li'sulfide bri dge or an am de
bridge. In addition, ﬁ[err err] Nal substltuted
X-Phe where X is a h&l of@nd %H NHPeFFPmeﬁcférﬁPaorL@Per?ﬂeal Hle Nl&r] is

Val , Thr, SerchrAl &gerfheshd erginadp) ,pybidyli+eia N 'erpprzwadlandoé\{:eph]a i's
Phe, Thr, Tyr r],- Nal n hol o] el.e each
Rlerr] and R[err a%llu% eﬂpeé]h entq N Phg g*o(\gl)veﬁr? %rgéi U‘gll?e?%ﬁgrk ngf%a d R3
is OH NH er rqlrorBrdeIFet &, Iﬂ@f:er%l%pz weeh aghe lstohl dfeyepfis ayd, t he

3}1 her is ﬁ' SO ]918 VBgBhAR, | gndanrgl pbﬁdéﬁbﬂ@eﬁ’fc]g?hohs B3 newdel aked; o2nd
7SS l°w%§a§&?aﬁféw%%r%&%vo&§s?% 9% %ﬁ%rgimoqif%%bw.
embodi nent arat least orMa-d} RiYe-anyss -A% ranBy rore Bri-A3 sndala’CpssthibeNd:
igml :gg-%ﬁﬁﬁr aﬁys Ql_hr Jg/'s #ﬁt& r?r}@ 'is an alcohol, R; is
deleted. Additionally, A 2, A7 and A® cannot all be
aromatic amino acids. Partlcularly preferred analogs of
this aspect of the invention include:
H-D-Phe-p~chloro-Phe~-Tyr-D-Trp~Lys-Thr-Phe-Thr-
NH,;
H~D~Phe-p~NO,-Phe-Tyr-D-Trp-Lys-Val-Phe-Thr-NH,;
H~-D-Nal-p-chloro-Phe-Tyr-D-Trp-Lys-Val-Phe-Thr-
NH,;
H-D~Phe~-Phe~Phe~D-Trp-Lys~Thr-Phe~Thr-NH,;
H-D-Phe-Phe-Tyr-D-Trp-Lys-Val-Phe-Thr-NH,;
H-D-Phe-p-chloro-Phe-Tyr-D-Trp-Lys-Val-Phe-Thr-
NH,; and
H~-D-Phe-Ala~-Tyr-D-Trp-Lys-Val-Ala-D-f-Nal-NH,.

In still other preferred embodiments, the peptide
moiety is bombesin or a derivative, fragment, or analog
of bombesin. Bombesin analogs which can be used to
practice the present invention include, but are not
limited to, Neuromedin C, Neuromedin B, litorin, and
gastrin-releasing peptide (GRP), which has the following
amino acid sequence:

H-Ala-Pro-vVal-Ser-Val-Gly-Gly-Gly-Thr-Val~Leu-

Ala-Lys-Met-Tyr-Pro-Arg-Gly-Asn-His-

Trp-Ala-Val-Gly-His- Leu-Met-NH,

Other bombesin analogs which may be used in the
present invention include compounds described in the



H D- Phe- Cys- Tyr - D- Tr p- Lys- Abu- Cys- Thr-NH err ] ;
H-D- Phe- Cys- Tyr - D- Trp- Lys- Thr- Cys-Nal - NH[ err] ; and

H D- Phe- Cys- Tyr-D- Tr p- Lys- Thr - Cys- Thr-ol . I n ot her enbodi nents,

| i near somatostatin anal ogs of the |nventign have the follow ng structure:
[err] wherein Alerr] ii;s a D or L-"isoner of Ala, Leu, Ile, Val,
Nl e, Thr, Sergaq r Po £ P dICh| or o- Phe
pent af | uor o- %Olﬁwﬂnqg#eféféﬁ&egé thmﬁé‘r‘SFﬁ& ot Uf ce:lrgr r,:eCL Br, F, OH,
OCH[ err] or qu;qquorated hepein byj sefipgencey, IIe, Val, N e, Phe,

[err]- pyridyl-Aa, Tepy 2tdadi.cHeptiddig, medsaldinyso-dthehs- X- Phe,

or p-X- Phe er.ei CH[ or err];
Alerr] is pyrt (fy"fe'ﬁih A'mie %l%l‘i‘ferr?'mﬁlg?fuﬁ%%cn%orb efélgai'
pent af | uor o- F&EOM- leheﬁs'oﬁ? p{XePhk; WAngeeh &1isTICHREeLR},Cltem.Br, F, OH,

OCH err] or @@sﬂﬁés9s (1990){Wﬁ%ﬁiohé ¥al a1 Al @ankel, Réé@aré%ESITQ598Abu
or Ser; Al e Al a I'le,  Val err

pyridyl - Al a, ('Frgy?l)z ﬁﬂ%kﬁ%r%li?h%mﬁ%ﬁ?‘éﬁFﬁbr%SPﬁé5 bl%opheHQbeﬁDRkPhe
wherein X is e@Hawr] ,"Sinthstid, pébt 1866k er AppPbadhdertd; Biological

Problems", UCLA Symposium on Mol. and Cell. Biol. New
Series, Vol. 86, ed. Tam and Kaiser; Martinez et al., J.
Med. Chem. 28:1874 (1985); Gargosky et al., Biochem. J.
247:427 (1987); Dubreuil et al., Drug Design and
Delivery, Vol 2:49, Harwood Academic Publishers, GB
(1987); Heikkila et al., J. Biol. Chem. 262:16456
{1987); Caranikas et al., J. Med. Chem. 25:1313 (1982);
Saeed et al., Peptides 10:597 (1989); Rosell et al.,
Trends in Pharmacological Sciences 3:211 (1982); Lundberg
et al., Proc. Nat. Aca. Sci. 80:1120, (1983); Engberg et
al., Nature 293:222 (1984); Mizrahi et al., Euro. J.
Pharma. 82:101 (1982); Leander et al., Nature 294:467
{1981); Woll et al., Biochem. Biophys. Res. Comm. 155:359
(1988); Rivier et al., Biochem. 17:1766 (1978); Cuttitta
et al., Cancer Surveys 4:707 (1985); Aumelas et al., Int.
J. Peptide Res. 30:596 (1987); Szepeshazi. et al., Cancer
Research 51:5980 (1991); Jensen, et al. Trends Pharmacol.
Sci. 12:13 (1991); U.S. Patent Nos. 5,028,692; 4,943,561;
4,207,311; 5,068,222; 5,081,107; 5,084,555; EP
Application Nos. 0 315 367 A2 (1989); 0 434 979 Al
(1991); 0O 468 497 A2 (1992); O 313 158 A2 (1989); 0 339
193 Al (1989); PCT Applications Nos. WO 90701037 (1980);
90/02545 (1992); and UK Application GB 1 231 051 A
(1990).

The peptides of the invention can be provided in
the form of pharmaceutically acceptable salts. Examples
of preferred salts are those with therapeutically



- 15 - Alerr] is a D or L-isonmer of Ala, Leu, Ile, Val, Ne, Thr,
~Ser, Phe, [err]-Nal, pyridyl-Ala, Trp, 2,4-dichloro-Phe, pentafluoro-Phe,
p- X- Phe, or o-X-Phe, wherein Xis CHerr] d, Br, F, OH OCH err] or

NJ err], or an al cohol thereof; and. 17 each Rlerr] and Rerr],

i ndependently, is H, |ower acyl or |ower ~alKkyl; and R[err] is OH, NH[err]
or del et ed. , S 0 err, n f A[err]
and Alerr] f&?&géé‘g{hxa?ghﬁb ?% gﬁ?%% afa?g aﬁ: r"{t]s]'cgfnquﬁq"rb@jhé) is

del et ed. Add?%FéhﬁbIyalAEerPFCOAPéFn]SuRFéPﬂF,aM9WQR¥Q4 sedrirotl i 4 be
aromati c anmi ﬂ@tﬂ&hé§u1E’ah&bqultanh)énlarsaﬁ%m@ ard mdfc uaﬁi AHeGle0f the
i nvention |nclud p-.chl or o- Phe- Tyy-D-Trp ) Thr-Phe Thr -
ND: B BFBSBLRCPELPT. PHERTOF. BATTICL F& b PR HSaeEnY
H-D-Nal- chtelbtheeranﬁwEhptsyyaval1ﬁb€qﬁhnc acids sudiHaerr];
F+DMml%e L r- H

H D Phe- Phe- #%&r ch Xélggr EE§1$Er-R %ydrochlorlc acid, sulfuric

H D- Phe- p- chi?®#%- Ph@gTQ¥QBPfFPﬁlEy§C¢QI _Phe- Thr - NH2; and

H D-Phe- Al a-Tyr-D-Trp-Lys-Val -Ala-D-[err]-Nal -NH err]. In still
ot her preferred enbodi nents, the _peptide noiety is bonbesin or a

derivati ve, 1¥%§¥%§£——§E—8§5¥8§—8§ bonbesi n. Bonbesi n anal ogs whi ch can be
used to practlce t hahe eserthesuedf CTonpwhndie, T pulIazpdNDII| apet Rdwt O,
Neur onmedi n $@?§ ggdin B, litorin, and gastrin-releasing peptide (GRP),
whi ch has the oW hg ani no acid sequence;

H Al a- Pr o- Val - Ser - v@heGfieldauing -atthrepiatigns are used in describing

Al a- Lys- Met - J?’ﬁtl?é@éso\rgfG::Mmﬁéﬁnli"ssaccordlng toPthled pYalsedty - Hi s-

Leu- Met - NH err% er bonbesin anal ogs which may be used in the
present i nvel®YSRE{PRF ude conpounds described in the

Nal: naphthylalanine (1 or 2)

Abu: alpha-aminobutyric acid

D: dextrorotatory

L: levorotatory

HOAC: acetic acid

BOP: benzotriazol-l-yloxytris(dimethylamino)
phosphonium hexafluoro-phosphate

BOC: tert-butyloxycarbonyl

DCC: dicyclohexyl carbodiimide

EDC: 1-(3-dimethylaminopropyl) -3~
ethylcarbodiimide

DEPC: diethylcyanophosphonate

DMF: dimethylformamide

CH,CL,: dichloromethane

MeOH: methanol

EtOH: ethanol

DIEA: N,N-diisopropylethylamine

HOBT: 1-hydroxybenzotriazole



- 16 - following references, the contents of which are incorporated herein
by reference: Coy et al. Peptides, Proceedings of the Eleventh
-Amer. Peptide Synposium Ed. by Rivier et al. ESCOM pp. 65-67 (1990); Wang
et al. J. Biol. Chem 265:15695 (1990);.-Mgmoud et al. Cancer Research

51: 1798 (1991); Wang et al. Biochem stry 29:616 (1990); Hei nbrook et al.,
"Synt hetic Peptides: uiaor:0aches-penBictdrd@izeal- 1IRyabigms, N« WELA Synposi um on
Mol . and Cell. Biol. New Serietetvalmet8fy,luwaednilamnexh Kaicsphddiatez et
al., J. Med. Chem 28:1874 (1985); Gargosky et al., Biochem J. 247:427
(1987); Dubreuil et @FHF: Drug ®s§rgﬁyénr@fmaémery, Vol 2:49, Harwood
Academ c¢ Publishers, GB (1987) Hei kkil a et al . Biol. Chem 262:16456
(1987); Carani kas et T&f?, NEH1féH€ﬁPaE§*T§1§CGPQSZ) Saeed et al.
Peptides 10:597 (1989); Rosell et al., Trends in Pharmacol ogi cal Sciences
3:211 (1982); Lundberg et al., Proc. Nat. Aca. Sci. 80:1120, (1983);
Engberg et al., Natusta2@3ing2Bate®84)ls knzr dhiteetmedliatdairfor ko

s
82:101 (1982 6 W t h
Bi ophys( Res)I Llefmdaef'g%e%%ggr(elgg‘gé %%?g%ﬂe%’é%?gg%i bché#‘ntgi'?gbgg?l (;g?g;n
Cuttitta et &he stARknGRatsmialsyoay 1@%59asmmwra%peredl by methods

Peptide Res. 3} e W11 @&m%lm@h@éd u@aﬂ?érlﬁeéfé{:ﬁi‘eﬁ 58?0
(1991); Jensen, et aI Tre ds Pharmacjé)s_1 Sci 1991% U S. Pat

Nos. 5. 028, 68X3upPleys e -chpmiFtmy 1© %%"’2’2% a%l%*aiieia eds 0g4, 555 EP
Appl i cati on mﬁ'n&ﬁkﬁes’sﬁﬂarﬁ& d 158H)d 1h 484 @HQnAI S¢d9P1perRiA6Pr4fd. A2

1992 0 31 9 9 1989 i i ons Nos. WO
ororbsr oo Pat ER) bR Sl (P00, PR (1090).
The pepti des Z@sshie |§:§/’-e'h7cﬁ ot e bl pF oRated N theS5F52r888fF J. Med.
phar maceut i Cﬁ)igﬁ_lac%jp-t'ﬁé)i e SAd)S; £XAAP| £5: PIsPT eI Prani@l L §521 815 N0se

wth therapeutlca |y
(1992}, the contents of which are incorporated herein by

reference. The chemistry for tris-related derivatives
can be found in Arch. Bjiochem. Biophy, 96, 653 (1962},
Biochem., 5 467 (1966), the contents of which are also
incorporated herein by reference.

thesis e de Derjivatives

In a general sense, the coupling of Compounds I,
II, or III to an appropriate free amino group of a
protected amino acid or peptide can be achieved according
to well-known methods employed for peptide synthesis
(e.g., DCC, DCC-HOBT, DIC-HOBT PPA, EDC-HOBT, DEPT, BOP,
HBTU) using a base (e.g. DIEA) in an inert solvent (e.q.
DMF, THF or CH,Cl, ethyl acetate or combination thereof).
Deblocking of protected groups may also be carried out by
well-known methods (e.g., removal of the group by the
addition of acid or base, TFA, dioxan-HCl, ammonia,
NaOMe, piperidine). 1In most cases, the reaction
temperature should range from -30°C to room temperature.

In general, the first step of the synthesis

involves the reaction between an epoxide and a free amino
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- 17 - acceptabl e organic acids, e.g., acetic, lactic, maleic, citric,
“malic, ascorbic, succinic, benzoic, salicylic, nethanesulfonic,

t ol uenesul fonic, or panoic acid, as well as polyneric acids such as tannic
acid or carboxynethyl cellul ose, and salig with inorganic acids such as
hydrohal i ¢ aci ds, including hydrochloric acid, sulfuric acid, and
phosphoric aquup Byt hesotsecfedCoapimmdacid or pephédeynthmpiexation

Conpounds |, Q{%J c#e@tff" ﬁ'o&ndﬁé%éﬁ’fgved utl%izzﬁgounghg%g

abbreV|at|ons are escrlblng synt heses o S according to
the present mHafhafs.orsuch as thosepdesCribedabnt HgManusi net(aler 2)

ﬁbu: ial Rt nedwtuiicaelbodlls 3, 177 B1973), thde&bhﬁéﬁtat eEY

. ev rotator

benzot ri azol ¥ Hb %lﬁﬂﬁﬁﬁﬁﬁ$é§y¥%¢ﬁ5eln By feflblnce. Sﬁéiﬁﬁéﬁgum
hexaf | uor o- pmmmﬂnnsas, purifi®0Cion of tketibteyredjssieboapd products DCC

ct iyl car bodi (Y adHfbved by contihiLona) derfos ShoK 8 Mopropyl) S
chromatography or HPLC. The ldentlflcatlon of the
compounds may be determined by conventional techniques
such as NMR, amino acid analysis, and mass spectrometry.

The following Examples illustrate the preferred

methods for forming the compounds of the invention.

xample 1 - Svnthesis of Somatostatin Derivatives

The following somatostatin derivative, also
referred to herein as BIM-23118, was synthesized in
accordance with the invention:

T,/OH
{
OVO {
\__j?rz/\\OH
HO O-(CH,) ,CO-D-Nal-c {Cys-Tyr-D-Tx -Lys-7al-Qys] -Thr-NH,
Example - 3= 0 arbonvimeth -2,.5,6~
triac - 1 id

Acetic anhydride (6 ml) was added dropwise to a
solution of 3-0-(benzyloxycarbonylmethyl)-ascorbic acid
(2.2 g) in pyridine (30 ml); the mixture was then stirred
overnight at room temperature. Pyridine was evaporated
under reduced pressure leaving a residue which was then
partitioned between ethyl acetate and 1N HCl. The ethyl
acetate layer was washed with 1N HCl, and then water.
After drying (MgSO,), the ethyl acetate was evaporated
under reduced pressure; traces of pyridine and acetic
anhydride which still remained were removed by multiple
co~evaporations with toluene. The resulting 3-0-



DVF: di met hyl f or mam de CH2CL2: di chl or onet hane

Me CH: nmet hanol Et OH: et hanol DI EA

N, N- di i sopropyl et hyl am ne HOBT: 1- hydr oxybenzotri azol e

- 18- HBTU: O Benzotri azol - J_ég NNN,N -

t et r amet hyl urom um hexafl uorophosphat e THF: Tet r ahydr of ur an
TFA Trifgd methyl) 2 55 aélt':flgaggéfﬂ-ﬁééoﬁﬂgc acid

i nt er medi at es for oun an are comerci al aval | abl e.

Al ternativel y¥as & r"c"fdrf‘g‘f ﬁﬁ?‘é‘?%l%" c’éhe}o% BastFFOPF e%%t ¥ b§R et hods
whi ch are mekbdhmmuuemniuﬁﬁﬂnmkmhuel¢1mnIqxeraTuce(sbecexgepte t he
chem stry of N e iaat i ves can be found in J. Chem
Soc., Perkin rar"?élg t%%‘fo [(99. 4,)%%20; bé(; yd. Res., 67:127 (1978); Yakugaku
Zasshi, 86:376 (1966); U. S. Pat. No. 4,552, 888; J. Med. Chem, 31:793

(1988) ; ibidwmrwwm whi ch are
I ncorporated herein by reference. The chemstry for tris-related
derivatives &SSBRUSAREI N Arch. Biochem Biophy, 96, 653 (1962),

Bi ochem, 5 467 (196K)sltbeyceit edt-g giloohimgh dine waltee i(2c@iljoralsed herein
by reference.

added to a solution of 3-0-(benzyloxycarbonylmethyl)-
2,5,6~-triacetyl-ascorbic acid (2.4 g) in ethanol (30 ml),
and the suspension was shaken under hydrogen (17 psi) for
six hours. The catalyst was then removed by filtration
through a celite pad and the filtrate evaporated under
reduced pressure to yield 3-0-(carboxymethyl)-2,5,6-
triacetyl-ascorbic acid. TLC (silica gel: CHCl,/MeOH/HOAcC
(9:1:0.1], Rf=0.2).

Example 1.3 - 5,6-0-Isopropylideneascorbic acid

Acetylchloride (0.67 ml)was added to a rapidly
stirred suspension of ascorbic acid (8.0 g) in acetone
(80 ml) and the mixture was stirred at room temperature
overnight. The precipitate was collected by filtration,
washed with ethyl acetate, and dried at reduced pressure
to afford 8.29 g of 5,6-0-Isopropylideneascorbic acid as
a colorless solid. TLC (silica gel: CHCl,;/MeOH/HOAC
{3:1:0.1], Rf=0.54).

- 3-0- rbo o] =5,6—-

isopropvlidene-ascorbic acid

A solution of 5,6-isopropylidene ascorbic acid
(2.0 g) in 10 ml DMF was added dropwise to a suspension
of NaH (0.44 g of 50% mineral oil NaH dispersion washed
with hexane several times) in 5 ml DMF. After gas
evolution ceased, a solution of 1.43 ml ethyl 4-
bromobutyrate in 5 ml DMF was added dropwise and the



Synt hesi s of Peptide Derivatives In a general sense, the coupling of
Compounds I, Il, or IlIl to an appropriate free am no group of a protected
am no acid or peptide can be achi eved according to well-known nethods

enpl oyed for peptide synthesis (e.g., DCC- HOBT, DI G- HOBT PPA,

EDC- HOBT, DEPT, BOP, HBTU) using a basEC?e g. DIEA) in an inert solvent
(e.g. DM, {E‘Ex%r%ﬁ rLOiERRA] a8t Q)Sbma‘é%ﬂngte%a@iﬁ%&?%g%ti\%ﬁthereOf)-

Debl ocking o rotecte groups may al so arrie known
met hods (e. gS®@ YEﬁﬁvHPSoFVFEQr@FGGpaEyrﬁﬁécgédPFeéﬁ“G? é@@dt@@ base, TFA,
di oxan- HCl , gpesabtantNazebkdupi RaEI Bhehatbhraphledc a%esillika geactismn

tammaUNesomdra r 3 C.to_ro erature,
general , thegP|rsfngtegeeﬁlggéﬂs§%§ éiigsiﬁgogggéggﬁe ?8559?5&36§tween an
epoxi de and fracbdonsi Were pocled and soclvents removed at reﬂaced group of

a protected gpboeupei googlaﬁat hdgi scouR! @é@tm% %%t@% AgeGligan can be
achieved utilizing nown met hods, such hose descrlbe in McManus,

et al., SynthgtﬁﬁﬁﬂﬁﬁFéaﬂyéﬁ§°8yliT$ éIQ?QPrOPNé1@6@@5&@§Qﬁbhﬂﬂ4ﬂidare
i ncorporated¢hetegn.by reference. Follow ng synthesis, purification of the
I nt ermedi ates and products can be achi eved by conventional nethods such as
chr omat ogr aphy or HPLC The |dent|f|cat|on of the conpounds nay be

det erm ned bgxa Li. 608 alsT=}, 9% 2] S\VE -~ iswpre d eme , and
Mass spectrogELEYbic The follomnng Exanples |IIustrate the preferred
met hods for onpounds of the invention. nple 1 - Synthesis
of Somatostatin Der |4v-aﬁ iMde O£ 2N““"°Fﬁé’§*'ol44ﬁﬁ¢19t%0¢ra$%’s‘i%%¢lh @er3vative,

al so (ethyoxycarbonylpropyl)-5,6-isopropylidene-ascorbic acid
(1.02 g) in 15 ml EtOH. After ocne hour, most of the
ethanol was removed at reduced pressure and the residue
was diluted with water (10 ml), and acidified with dil-
HCL (pH 3). The solution was then saturated with NacCl
and extracted several times with ethyl acetate; the
pooled extracts were then dried using MgsSO,. Solvent was
evaporated at reduced pressure to yield a viscous residue
containing 3-0-(carboxypropyl)-5,6~isopropylidene
ascorbic acid (0.84 g). TLC: (Silica gel:
CHCl,/MeOH/HOAC ({5:1:0.1], Rf=0.55).

Thr-NH,

A solution of di-tertbutyl dicarbonate (0.36 g) in
10 ml DMF was added dropwise to a solution of D-Nal~-
c(Cys-Tyr-D-Trp-Lys~Val-Cys]-Thr-NH, acetate (2 g, BIM-
23014) in 45 ml DMF. After two hours at room
temperature, solvent was removed under reduced pressure
to yield a residue which was then chromatographed on
silica gel (150 g) using CHCl;/MeOH(9:1) as an eluant.
Appropriate fractions were pooled and solvents removed
under reduced pressure to yield a residue containing D-



referred to herein as Bl M 23118, was synthesized in accordance with the

I nventi on: [err] Exanple 1.1 -
3-0- (Benzyl oxycar bonyl met hyl )-2,5,6- triacetyl-ascorbic acid Acetic
anhydride (6 m) was added dropwi se to a | ution of

3-0- (benzyloxycarbonylnethyl) ascorbic acid (2.2 g) in pyridine (30 m);
the mxture yas Qa' Tgf{ﬂﬂ-'ﬁ\@?lﬁ%sg(fﬁo@ ﬁ%@%@lﬁ (Y44 ¢)ne was
ce

evapor at ed under u ressure 1eaving a resid e mhlch was t hen
partitioned étcrﬁ/l ea]cet‘af%lh(ﬁffofﬂgflkl LI TRFE A acet ate | ayer was
washed with EN_Qﬁlh_andLL_gn water. After drying (MgSO err]), the ethyl
acetate was evaporat ed under +2gduced pressure; traces of pyridine and
acetic anhydride which still remained were renoved by multiple

co- evapor ati ons wih-+el uede. The resulting 3-0-

- 20- (Benzyl oxycarbonyl met'hyl ) -2, 5, 6-triacetyl -ascorbic acid was dried
under vacuumto yi el vi scous gel which remained in the residue (2.4 g).
TLC (silica gel: CHCl[eN]/acetone [9:1], Rf=0.52). Exanmple 1.2 -

3-0- (car boxynet hy#3 - 2, 5, SLLEqumaer-:=‘-*r”y=~r~r-“-rcp—Ly='°"":-Va!-‘;c'-fr—-qy7

-,

0.2 ml diisopropylethylamine was added to a
solution of D-Nal-Cyclo-{Cys~Tyr-D-Trp~Lys(BOC)-Val-Cys]-
Thr-NH, (300 mg), 3-0-(carboxypropyl)-5,6-isopropylidene
ascorbic acid (56 mg) and HBTU (113 mg) in 5 ml DMF. The
mixture was then stirred at room temperature overnight,
and solvent was removed under reduced pressure. The
residue was partitioned between a mixture of ethyl
acetate/MeOH and a saturated aqueous NaCl soclution, and
the ethyl acetate layer was washed with saturated aqueous
NaCl, then saturated aqueous NaHCO,;, and then dried
(Mgs0,) . Solvent was evaporated under reduced pressure,
and the residue was subjected to preparative TLC using a
CHCl,;/MeOH (8:1) mixture as a developing solvent. The
appropriate UV-positive zone was isolated and extracted
with CHCl,/MeOH. Solvents were removed at reduced
pressure to yield the above-identified product (0.20 q).
TLC (silica gel: CHc;3/HeOH[5:l), Rf=0.54).

E - _Remov OC_Grou

The ascorbic acid derivative containing D-Nal-
c(Cys-Tyr-D-Trp-Lys(BOC)-Val-Cys]~-Thr-NH, (95 mg) shown
above was treated with 25% TFA in CHCl; for 45 min. at
room temperature. Volatile substances were removed under
reduced pressure to yield a dried residue which was
purified using Vydac C;g HPLC and CH;CN/0.1% aqueous TFA.
The final yield was 90 mg (FAB-MS (m/e) 1341).



ascorbic acid A slurry of Pd-C (100 ng) in water (2-m) was added to
a solution of 3-0-(benzyl oxycarbonyl nethyl)- 2,5,6-triacetyl-ascorbic acid
(2.4 g) in ethanol (30 mM), and the suspension was shaken under hydrogen
(17 psi) for six hours. The catal yst was _then renoved by filtration through
a celite pad and the fiItrate~evaporat§d23ndér reduced pressure to yield
3-0- (car boxygeth -2, ,6-O Eac B— $& jc acid. TLC (silica gel:
CHCl [err]/ —0F 1, =0.2) anple 1.3 -
5. 6- 0- | sopr opyl i den&dsr dIdl owing somatospabip| dhrdvatévés. 82ral phas added
to a rapidl ysshthe8d,84SPANSHOR AN AR i d (8.0 g) in_acetone (80 ni)
and the m xture was stirred at roomtenperature overnight. The precipitate
was collected by filtrati gn;Cashed with ethyl acetate, and dried at
reduced pressure to afford 8.29 g of 5,6-0-1sopropylideneascorbic acid as a
colorless soljd. TJBC (silica gel: CHCl[err]/MeOH HOAC [3:1:0.1], Rf=0.54).
Exanpl e 1.4 -~ 30- ( Et'hoxycar bonyl propyl ) -5, 6- isopropylidene-ascorbic acid
A sol ution of 5, §-isopropylQene ascorbic acid (2.0 g) in 10 Ml DWF was
added dropwi se te a suspension of NaH (0.44 g of 50% m neral oil NaH

di spersion washed with hexane several tinmes) in 5 m DV,  After_gas
evol ution ceas®, a soPu€HonTBFD1MNal-FICEY Wy T R~ Bromelsutflat eS| nT S HDVF
was added dropw se and the BIM-23135 - 21 -

m xture was stirred at roomtenperature overnight. Solvent was evaporated
at reduced pressure and the

ox
r
\\\ °© -«::-ZQ—CO-:-.:'::-:*-:[Cy:—Ty:—D—Tr:-L.ys-At:u-Cys]—Tt‘.:-NHZ
- BIM-23181
oH
7 2H
=Q N
o ©-CHA-CI-T-Phe-c{Cys-Tyr-D-Tro-iys-Thr-Cys:-lial-NHa
A\ BIM-23183
°H
Xan - esis of BIM-23107

The following somatostatin derivative, also
referred to as BIM-23107, was synthesized in accordance
tc the invention.

(AcQO~CH,) 3~C~NH-CO-(CH;) ,~CO-D~-Nal-c(Cys-Tyr-D-Trp-Lys-
Val-Cys]~-Thr-NH,

Exgmglg 2 ' 1 = ‘ AQO‘CHz)__3’C-NH“CO- {CHzl_z"CQ"D-!!a l-gl Q!S"
Iyr-D-Trp-Lys (BOC) ~Val-Cys1-Thr-NH,

0.03 ml DIEA was added to an ice-cooled solution
of 2-N-(succinyl)amino-2-(acetoxymethyl)-1,3-propanediol



resul tant residue was chromat ographed on silica gel (55 g) using

CHC [err]/MeOH (19:1) as an eluant. Appropriate fractions were pool ed and
sol vents renoved at reduced pressure to yield a viscous residue containing
3-0- (Ethoxycarbonyl propyl)-5, 6-i sopropybidene-ascorbic acid (1.1 g).
Example 1.5 - 3-0-(carboxypropyl)-5.6-isopropylidene ascorbic acid

4.6 M of 2NaNacktzee addeng) oaadsHBUUI @R20kg3-An 2 ml of DMF. After

(et voxycar booyl progvhi - 5.8o 80PLEPY! ERREASCORDLG1AEA( be0B gy 18 1

EtOH. After one uce pressure
and the resi@UeyswEyarPulEE- b ehBR&) eVad r6YRil y ThanHaci(dP0i @g)wiikrh2di | - HCL

EpH 3). Iﬂe ?ﬁ|mﬁrpncM?ﬁaihQHgS@tFbathDmEh? Magl aa?%dexéﬁ&ﬁ%%ﬁﬁ%ﬁfﬂfﬂ

i mes w e a ol.edosextracts were then dried usin

MyS[ err] . %eﬁ ﬁg g&ﬁ sagg g rédgeﬁdoﬁFeégﬂFeaPS §F§Pds§l€g§éous
resi due contemrw¢@pStempeaabuxypoupyhigﬁtﬁ i Sbpr sp\vieteneraas cenavedaci d
0.84

Beanpl 6 1.6 20 0 TRICEf s 0FE 58 9%%2?0&§@gﬁ[&%f9"$hmﬁper P A
sol ution of mnrtkﬁz@mmélbetaaﬁboﬁﬁ El(8cekagr andledqweobisF saduradedd

dropwi se to gagp! Uih@NeRé PrdRL- 15{;&48«;,1%@,@ WEEanau%hs%%l NacolH2

acetate (2 g, Bl 23014) in 45 . After two hours at room
t enper at ur e, a%%l@bﬁ%l%ésaQBﬁBVEdsﬁﬁHEPtFQdﬁéga pFBestiPEULS iPPel d a resi due

gﬂéf? maf/th@@l@h{@@a¢@granbﬂddamealhs@aggabso§50 TheUsblgent waf 4 and
err]/ Me an.el uan a ractions were pooled an
sol vents rennv%%Ff%&ﬁi %%ﬁﬁeﬁe%ng UPE su%g SaggpgS|dE§ S&8 ai ning D

containing (AcO-CH,);~-C~NH-CO- (CHz)Z-CO D-Nal-c{Cys-Tyr-D-
Trp-Lys (BOC)-Val-Cys]-~Thr-NH, (0.14 gm). TLC (Silica Gel
: CHCl;/MeOH/HOAc = 4:1:0.1, Rf=0.82).

Example 2.2 - Removal of BOC group

30 mg of the above-identified compound was treated
with 50% TFA in CHCl,; for 45 minutes at room temperature;
volatile substances were then removed at reduced pressure
to yield a residue. Traces of TFA were co-evaporated
with ethanol several times and the residue was titrated
with ether and then dried to yield 30 mg of the product
(30 mg). TLC (Silica gel: CHCl,;/MeOH/HOAc = 3:1:1,
Rf=0.24).

- e nbodime
The following somatostatin derivatives were also
synthesized in an analogous manner.

(HO-CH,) 3~C~-NH-CO- (CH,) ,-CO-D-Nal~-c[Cys-Tyr-D-Trp-Lys-Val-
Cys]-Thr-NH,
BIM=-23108



- - 22 - Nal-c[Cys-Tyr-DTrp-Lys(BOC)-Val -Cys]-Thr-NH err] (1.45 g). TLC
(silica gel: CHO[err]/MeOH [3:1], Rf=0.52). Exanple 1.7 - [err] .

0.2 m diisopropyl ethylam ne was added to a sol uti on of

D- Nal - Cycl o-[ Cys-Tyr-D-Tr p-Lys(BQOC) -Val -Cys]- Thr-NH err] (300 ng),

3-0- (car boxypropyl)-5, 6-i sopropylidene as@gbic acid (56 ng) and HBTU (113
mg) in 5nmM DW. The mxture was then stirred at roomtenperature

over ni ght, and HoeICHN; ~Ra¥H-CPoV &, ipdEP-PeBbeed [ fYesTyre D-Thp-LysThe -was
partitioned b & JRpsture of ethyl acetate/ MeOH and a saturated aqueous
NaCl sol ution, "and the e?hyl acetate | ayer _was_washed with saturated
aqueous NaCl, then saturated agueous hﬁiﬁ%ﬁéﬁé?, and then dried

(MgSO err]). Solvent was evaporated under reduced pressure, and the residue

was subj ected ar at L e ~hL hNg~a..&H eL.r - DXt ULE. AS a
developind‘soﬁ&%ﬁ?&g$ﬁeéaggrg§rﬁgﬁz)ﬁvggongﬁéeeégﬁgﬁﬁggLﬁgé%gggégaé%da
extract ed wit FYSHCHh&NH2MeOH. Sol vents were renoved at reduced pressure to

yi el d the above-identified product (O0.89Mgp31F8C (silica gel:
CHCl[ err]/MeOH 5: 1), Rf=0.54). Exanple 1.8 - Renoval of BOC G oup
The ascorbic acid derivative containing D Nal -

c[ Cys- Tyr - D- Tr(ud=CH,BQer-Ni-ClYy sTOFDr-PNe2 o €y sAT) raileviir pedigse-Thars-Ayisgad ed
with 25% TFA i fgﬂgierr] for 45 mn. at roomtenperature. Volatile

subst ances weré tendved under reduced pressure to yield a dried residue
whi ch was purified using VWdac ([err] BEME233d9CH err] CN/ 0. 1% aqueous TFA.
The final yield was 90 ng (FAB-MS (nfe) 1341).

(HO-CH,) 3~C~NH~CH,~CO-D~Phe~-c[Cys~Tyr-D-Trp-Lys-Abu-Cys] -
Thr"NH2
BIM=-23182

Example 3 - Synthesis of BIM=-23201

The following somatostatin derivative, also.
referred to as (BIM=-23201), was synthesized in accordance
with the present invention.

(HO-CH,) 3-C~CH,~D-Phe~-c[Cys-Tyr-D-Trp-Lys~Thr-Cys]~Nal-NH,

Eximnlﬁ—l&l—z-iﬂgzﬁﬁzl3=92932:Q:EQQZELQXEZEXIZQZIIEZLXEZ
Thr-Cys]-Nal-NH,_ |

Two grams of 3A molecular sieve followed by
NaCNBH; (36 mg) were added portion-wise in 15 minute
increments to a solution of D-Phe-c[Cys Tyr (OBt)-D-Trp-
Lys (BOC) -Thr (OBt) Cys] Nal-NH, (250 mg) and tris
(acetoxymethyl)acetaldehyde (120 mg) obtained by
oxidation of triacetyl penta-erythritol with pyridinium
dichromate or DMSO/oxalyl chloride/triethylamine) in
methanol (10 ml) containing 10% acetic acid. The mixture



dma 37 s

- 23 - Exanple 1.9 - Oher Enbodi nents The foll ow ng somatostatin
derivatives were al so synthesized in an anal ogous manner: [err]

- - 26 -

was then stirred at room temperature for 30 minutes and
heated for 4 hours. After filtration, the residue was
partitioned between ethyl acetate and water. The ethyl
acetate layer was washed with water, then aqueous NaHCO,,
and then dried (MgsO4). The solvent was evaporated under
reduced pressure to yield a residue (0.4 g) which was
then dissolved in methanol (5 ml), treated with a
NaOMe/MeOH solution (pH 10), stirred for 1 hour and
finally neutralized with 1 N HCl to pH 5-6. After
evaporation of solvent, the residue was dissolved in 90%
agqueous TFA (5 ml) and stirred for 30 minutes. Volatiles
were removed at reduced pressure and traces of TFA and
water in the resulting residue were removed by co-
evaporation with alcohol (2x). The residue was drieqd,
then titrated with ether, and finally purified by HPLC
using conditions similar to those described earlier, to
yield 41 mg of (HO~CH,);-C-CH,~D-Phe-c[Cys-Tyr-D-Trp~Lys-
Thr-Cys]-Nal-NH, as a colorless solid. MS (m/e) 1262.8.

xa e 3.2 - Othe bodiments
The following somatostatin derivative, also
referred to as BIM-23195, was synthesized in an analogous
manner.

(Ho~-CH,) 3C-CH,~D-Phe-C[Cys~Tyr-D-Trp-Lys~Abu-Cys]~Thr-NH,
BIM-23195

am - i - 7
The following somatostatin derivative, also
referred to as BIM-23197, was synthesized in accordance
with the invention.

/N

HO(CHZ)z—q\—_ﬂ/y-(CHZ)ZSOZ—D-Phe-c[Cys-Tyr-D-Trp—Lyu-Abu-
Cys]-Thr-NH,



"Exanpl e 2 - Synthesis of BI M 23107 The fol |l owi ng somat ostatin
derivative, also referred to as Bl M 23107, was synthesized in accordance to
the invention. (AcOCHerr]-CGNHCO (CHerr]-CO D Nal-c

(Cys-Tyr-D Trp-Lys- Val -Cys]-Thr-NH err] Example 2.1 -

(AcO-CH err]-GNH-CO (CH err]-CO D-Nal -t[8Ys~

FZ;:EZE[EdLgséBOCg Val - Cy§l ThrogthgaLesu fon 2 03 QIEA was added to an

2- N-(succi nyl ) am no- Fa( 2cErongettaigsul srprtop afved) caj) was treated with
2L ackge (85 gy apgh HBTLLLOngOLn! 8n218h BheRIF afbEr SUITTINg

at 0-5 C for a solution o

c[ Oys- Tyr - D WeRGRAABCE) @ VhLTeyd) PrasenEBRr FoLubdoRyyasnheakpdppt, 90-

gontalnlRgUOiﬁﬁfﬂc[I&¥\1masnadﬂgd1nTbe1q1&bumedmaa fbbﬁttébpbﬁadu%F ,0- ? C
or one r an ra n ol,ywen

wes remved HogatR ey B8<d 8F , PGPhrAIER? Hh8, BKBR s ikren 2o 1
partitioned bEitmeerThe mixaueeavesaﬁutaqgﬁedswsahuﬁﬁtz@tlz Nl x 3¢dmihe Et OAc
| ayer washed y at NaCl ; the
resul ting scﬂgﬂétkééﬁﬁﬁ%ﬁegf% ug?gg k%%gkéry?GH ﬁgé g? Lf ﬁgs

evapor at ed uftRHCOzd(R et) :pr%%‘%uﬁzo | ¥ h AR Rsi REY ErfhteYer nhydrous

gI'ACOLCHE g&% 6 qﬁd%;i@!ﬁiil%i&'x%d@f@édﬂ'&%d%:e_ssure ave 2-
r S a r ilica ’
G [or 11 v areg Shandgu bEGRY H cbPasiad he, 3 5051082 Rimpias (3 9Boc
group qﬂ)4qr4ﬂ thglammvEg) denti fi ed conmpound was treated
m 2 = = 21,280, =D-Phe-c[Cys-Tyr(tBu) -D-Trp-
oc)=~Aby-Cys]~ Bu) - ~cyclopro =l-me -
ethyl

A solution of 2-bromoethane sulfonyl chloride (30
mg) in DMF (1 ml) was added dropwise to a solution of H-
D-Phe-c[Cys~-Tyr (tBu) -D-Trp~-Lys (Boc) ~Abu-Cys]-Thr (tBu) - (1~
cyclopropyl-l-methyl)-~ethyl (150 mg) and DIEA (55 mg) in
DMF (2 ml) under N, at 0°C. The reaction mixture was
stirred at 0-% 'C for 3 hours; solvent was then removed
under reduced pressure. The residue was dissolved in
ethyl acetate and washed with 5% citric acid (2 x), 5%
NaHCO, (2 x) and brine (2 x). The solution was then
dried over aﬁhydrous MgsO,, filtered, and condensed to
dryness under reduced pressure. The product was further
purified by a short silica gel column eluted with ethyl
acetate. Fractions containing the product were pooled
and the solvent was removed under reduced pressure,
giving 105 mg of Br-(CH,),-S0O, -D~Phe-c[Cys-Tyr(tBu)-D-
Trp-Lys (Boc) -Abu~Cys]~Thr (tBu) ~-NH({1l-cyclopropyl-1-
methyl)-ethyl as a slightly yellow solid. (Silica gel,
CHC1,/MeOH/HOAC (9:1:0.1), Rf=0.36).
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with 50 TFA in CHC [err] for 45 mnutes at roomtenperature; volatile
substances were then renoved at reduced pressure to yield a residue. Traces
of TFA were co-evaporated with ethanol several tines and the residue was
titrated with ether and then dried to yield 30 ng of the product (30 ng).
TLC (Silica gel: CHC [err]/ MeOH HOAc- = 3 28l,- Rf =0. 24) . Exanmple 2.3 -
O her Enbodi nents The foll owi ng somatostatin derivatives were al so
synt hesi zed iﬁxanD&ﬁaﬂaQnus manner .
(HO-CH err] - C—NI—I—CO(}:H[-R -CO D Nal -c[ Cys- Tyr-DTrp Lys-Val - Cys]
-Thr-NH err] Ho . 31 s
-25- (HOCH 2 5
-Nal - NH[ err] 7 :
(HO-CH err]- C—NH-CO(CH[err] CO- D Phe- c[q/s Tyr-DTrp Lys- Abu- Cys]
-Thr-NH err] olutxon of B - ¥5$3§53-D-Phe-c Cys=Tyr (tBY)
(HO-CH err] -GNt CH err]B % r-cy?j"i N2
Bl M 23179 D-Trp-Lys (Boc) -AbU-CYS] BU) -NH l"CYClOprOp
methyl) -ethyl (100 mg) and 2-hydroxyethylpiperazine (55
mg) in 2 ml of 1-propanol was refluxed under N, for 2.5
hours. The solution was then coocled to room temperature,

and the solvent was removed under reduced pressure. The

residue was then dissolved in ethyl acetate containing 5%
MeOH and washed with brine (3 x). Finally, the solution
was dried over anhydrous MgSQO,, filtered and condensed to
dryness under reduced pressure, resulting in 110 mg of
the above-identified solid. Without further
purification, this compound was used directly in the next
step.

Example 4.4 =~

HO{CH>) oz N=(CH5) 550520~ = = =D~ = = =Thp-
N/

110 mg of the protected somatostatin derivative
obtained in the previous step was dissolved in 10 ml of
90% TFA aqueous solution, and stirred at room temperature
under N, for one hour. TFA and H,0 were removed under
reduced pressure, and the residue was titrated with cold
ether (3 x 10 ml). A slightly yellow solid was obtained;
this material was further purified on preparative reverse
phase HPLC, eluting with: 1) a NH,OAc aqueous solution;
and, 2) an HOAc aqueous solution. Lyophilization of the
pooled fractions containing the above-identified product
gave a white solid. (18 mg. ESI~MS, ((m+l)/e) 1252.7).



(HO-CH err]-G NHCH err]-CO D Phe-c[ Cys- Tyr-D- Trp- Lys- Abu- Cys] - Thr-NH err]
Exanple 3 - Synthesis of Bl M 23201 The follow ng somatostatin
derivative, "a so, referred to as (Bl M23201), was synthesized in accordance
with the present invention.

(HOCH err]-CCH err]-D Phe-c[ Cys- Tyt - D=Trep- =ys- Thr-Cys] -Nal-NH err]
Exanple 3.1 - (HOCH[err] C-CH[*err] DPhe c[ Cys-Tyr-D Trp-Lys-

Thr - Cys] - Nal - Bkfimpié z da.memt'A nol ecul ar sieve fol |l owed by

NaCNBH3 (36 ) wer e qgdegh &1:9@ %ﬁ@tb@t&élﬂ‘ au&evaeweaeubiet 9180

sol ution of DPhe-c%Qés Tyr t)-D Trp ) -Thr(OBt) Cys] Nal-NHerr]
(250 ng) and FYREhead Fﬁxﬁ'ﬁe HyP}"éé@Sz?l"(?el‘#}dé‘e(rlzo my) obtained by

oxi dation of triacetyl penta-erythritol with pyridiniumdichromate or

DVSQ oxal yl chl ori de/ .Li._ithyl amne) in nmethanol (10 m) containing 10%
acetic acid. The m xt/ure - 26 - was then
stirred at ro‘éﬂﬁcﬁﬁnpme(%P'%Dn?ﬁﬂﬁégmrr%e&ﬁ'oﬁb%%Gle"sh.!"NFi er
filtration, the resi s partitioned between ethyl acetate and water.
The ethyl acetate |ayer was washed with water, then aqueous NaHC(O err], and
then dried (MgS err]). The sol vent was evaporated under reduced pressure
to yield a residue (0.4 g) which was tBERM—2BX30| ved in nethanol (5 m),
treated with a

/N

HO(CH,) ,~N N-(CH,) -CO-D~Phe-¢(Cys~Tyr-D~Trp-Lys-Thr-Cys l-Nal-NHZ

BIM-231391
{ HO—-CH, ) yC~NH~ (CHZ) z-soz-D-Phe-c [Cys~-Tyr-D-Trp~-Lys~Abu-Cys|} -Thr-—N‘Hz

BIM-23196
/N

HO-(CH,) ,~0~(CH,),~N N-(CH,) ~CO~-D~Phe-c[Cys-Tyr-D-Trp-Lys-Abu~Cys 1-
\—vs Thr-NR
2

-23202

xam - i besi ivatives

The following bombesin derivative, also referred
to as BIM-26333, was synthesized in an analogous manner
as described above:

_-OH
0 /
0 Y Y\
OH

/=N

HO 0-CGHy-CHy ~CHy -CC-D-Phe~-Gln~-Trp~-Ala~val -Gly-Hig~Lay~ Leu-NH,



NaOwve/ MeOH sol ution (pH 10), stirred for 1 hour and finally neutralized
with 1 NHO to pH 5-6. After evaporation of solvent, the residue was

di ssol ved in 90% aqueous TFA (5 m) and stirred for 30 mnutes. Volatiles
were renoved at reduced pressure and traces of TFA and water in the
resulting residue were renoved by co- evamuation with alcohol (2x). The
residue was dried, then titrated with ether, and finally purified by HPLC
usi ng conditions S|n1Qaherop?nﬁséedé9G#WBédV@§rMﬂaﬁhq(}QMﬂﬂﬁionlqny(ﬁe

(HO CH er r] - Csyitaledi-zladhar C&M&:Jy%&%@amér,Thh@s&EyﬁeheéH:err] as a

col orl ess soli 1 le_3.2 - OQther Enbodinents
The fol | owi ng = (?%‘tryd't%qf é‘(ﬂ?%t’r I%’f)t?ef erred to as Bl M 23195, was
synt hesi zed | Reau NS

(Ho-CH err] C ggﬁbpl} E’h%l(;[% - ygs%g’r p- Lys Abu- Cys]-Thr-NH err]
Bl M 23195 anpl e esi’s 0 The foll ow ng
somat ostatin derivati¥®, °§¥§E Fef QFF’Q&SFS’"&? Blhm Pipging 2f Lnitve At ed in

accordance W gbnat®statdni i(WRIF) and Bédd to the somatostatin receptor,
_27.

the purified compounds described above were tested in
somatostatin binding assays involving measurements of the
in vitro inhibition of the binding of [125I-Tyrll}srIF-14
to rat AR42J pancreas nmembranes. As indicated in Table
I, purified somatostatin analoegs of this invention
demonstrated high binding affinities to these receptors.
Additionally, the molecular weight, determined by mass
spectrometry and estimated from the molecular structure,
is listed in the table for each somatostatin derivative.

Similarly, the purified bombesin analog described
above was tested in a bombesin binding assay. The
binding assay consisted of measurements of the jn vitro
inhibition of the binding of [25I-Tyrll] bombesin to rat
AR42J pancreas membranes; from the assay, the binding
affinity of the bombesin analog to the GRP receptor was
determined to be about 21 nM.

xample 7 - o) (o] e (G bition

Groups of five male Sprague Dawley rats (each
having a weight between 250-300 g) were injected s.c.
with a somatostatin derivative or saline. Thirty minutes
prior to the selected post-drug time periods shown in
table Ii (2 hours, 4 hours, 6 hours, 8 hours), rats were
anesthetized with Nembutal i.p. (50 mg/kg). Fifteen
minutes following anesthesia, an aliquot of blood was
withdrawn by cardiac puncture over heparin to measure
basal GH. Additionally, a s.c. injection of D-Ala2-GRF
(10 pg/kg) was given. Fifteen minutes later, blood was



Exanmple 4.1 - 2-Bronoet hanesul fonyl Chloride Na

2- Bronoet hanesul fonate (4.0 g) was treated with PCl[err] (11.8 g) while
cooling in an'ice bath. After reaching the liquid phase, the solution was
heated at 90- 120[err] Cfor 1.5 hours in oil, cooled to roomtenperature,
poured into 50 g of crushed ice, and-thensgi+red for 15 mn. The m xture
was extracted with CHerr]Cllerr] (3 x 30 nml) and conbi ned extracts were

washed with Hpamhﬁ&uﬁh>ﬁq qﬁ%ﬂtmﬁaﬂentde(éhk@ulaunﬂFGwrrqﬁﬁtﬁ wasagain.

Drying over apg| QM L0 gég%%g Sgyre
gave 2- brormet hanesu fl\‘{Q,S%fJSH O?I%.e&HaZJ H r]ess. scfE §é§ By
42-44[ err] ¢/ 1NFHOAFP.. TheyRARSentRge B?f (@H[Je!?#}bs'a%mr‘fas calculated

- D- Phe- c[ Cys- Frio Bu)rflerbrites obtained between basal and stimulated GH
Lys( Boc) - Abu- g%ﬁ Thr (t Bu) - NH( 1- cycl opropyl - 1- net hyl ) - et hyl A
solution of 2 #5et hane sul fonyl chloride (30 ng) in DVF (1 nm) was added
dropwi se to a sol uti chableHIIDsRhwscthe effect of various purified

Cys-Tyr (t Bu) - RoliaRs (tlih(?f: ar@i‘bﬁ%s Té‘déﬁﬁ&‘hé& of ixIn%. DIV'II‘:h 2efé§cac§er
&1 TR

cycl opropyl - 1- neth Dl EA
N err] at O eff] RR‘&%‘S’“&%W%B‘ 1oNE, (BR¢-
sol vent was tRen 1&@1&6& omdumdnesmr&tghﬁr@sm a\aﬁzﬁhssol ved

0 0
and brine (2 BF e%ﬂ%o“g%ﬁ ARSIt %ﬁ%%‘“’/%@“?%% 1ghd )
filtered, and B(Idh@éti@dd taf dmmaswemmlsm.r edALkder teatives Tdempnstinate was
further purt | sl G ol ldrib Skl o) et b b ELBatElLe,
under reduced iy @Sé:lm d@nﬁﬂﬂf%gqrﬁj‘%ﬂn& -(CH err]-SJerr]
- D-Phe-c[ Cys-Tyr (t Bu)a&hlﬂanuséﬁgehﬂaut@&]er‘éh%hau):tua( lonC Y-ippja~opy! - | -
methy!) Sthy! S%d SRy QSR gk 6, 99 s RSt {0 Hore
analog, and BIM-23190, BIM-23195 and BIM-23197, to
determine the EDgy; (i.e., the concentration of each
compound required to inhibit fifty percent of growth
hormone release after a specified time) of the respective
compound. Experiments were conducted at a dose range of
between 25 ug/kg and 0.25 ug/kg. Table III shows the
surprising improvement of the somatostatin derivatives
over the unmodified peptide at the various time
intervals, indicating the time~dependent inhibition of
stimulated GH release by the compounds of the invention.

- e ve Ass

The purified somatostatin analogs described above
were also tested for activity against rapidly
proliferating cells. Table IV describes the effect of
these peptides on the growth of AR42J rat pancreas tumor
cells. Unlike natural somatostatin, the derivatives of
the invention demonstrate substantial anti~-proliferative
activity. Referring now to Fig. 1, both BIM-23014C (a
somatostatin analog) and BIM-23118 (a derivative of BIM-



- 28- Exanple 4.3 - [err] A sol ution of , )
Br-(CH err]-SJerr]-D-Phe-c[Cys-Tyr(tBu)- D-Trp-Lys (Boc) -Abu-Cys] -Thr
(tBu) -NH(I-cycl opropyl-1- nethyl)-ethyl (100 ng) and '

2- hydr oxyet hyl pi perazine (55 ng) in 2 m of 1-propanol was ref |uxed under
N2 for 2.5 hours. The solution was t-hen <oy ed to roomtenperature, and the
sol vent was renoved under reduced pressure. The residue was then dissolved
in ethyl acet a3®sQntiaiibnit B%tafeﬁ-dnaﬂd mmm tat pameréds xgumbdtnal |y,

t he sol ution \Q@g_ cg aovc.‘ec;n %% gégﬁgﬁ %cgfgensed to

dryness under uce pressure, resu ve-identified
solid. Wt hout23flt}r3t H’@r“}ﬁjrql’f? c%’??)rﬁfﬁﬁfﬁfs‘-‘fﬂ)rﬁﬁ)tﬁbe WekO |IcempPeMRd8t |y in the
next step. Eﬁﬁnﬂdbmbahnds irgiigit tumor cdllD qEbwih tte Pretestesd

somatostatin d r|v t| n QUS, S was di ssol ved

m of 90% FTFAS a eg-'us Sof] Q{rgmfdflead Qﬁ!}#reag/ ]F%oérﬂ °r%%r%?u?%uh‘ﬁﬁ1:-?nt

N err] for onecoms@ntrpfAansl H err] O were renoved under reduced pressure,
and the residue was titrated with cold ether (3 x 10 m). A slightly yell ow
solid was obtained; this material was further purified on preparative
reverse phase HPLC, eluting with: 1) a NH err] OAc aqueous sol ution; and, 2)
an HOAc aqueous sol ution. Lyophilization of the pooled fractions containing

the above-i degtifigd i ouGly B2 GG S0ldsy (18 U ESIMS. ((m)/e)
In this assay, stock cultures of Swiss 373 cells
are grown in Dulbecco’s Modified Eagles Medium (DMEM) and
supplemented with 10% fetal calf serum in a humidified
atmosphere of 10% CO, and 90% air at 37°C. Cells were
then seeded into 24-well cluster trays and used four days
after the last change of medium. In order to arrest
cells in the G1/G0 phase of the cell cycle, the a serum~
free DMEM was used 24 hours prior to the thymidine uptake
assay; cells were then washed twice with 1 ml aliquots of
DMEM (-serum, 0.5 uM) and [methyl-3H) thymidine
(20Ci/mmole, New England Nuclear). Bombesin derivatives
were initially tested at 0.001, 0.01, 0.1, 1, 10, 100,
100 nM. After 28 hours at 37°C, [methyl-3H] thymidine
incorporation into acid-insoluble pools was assayed as
follows. Cells were first washed twice with ice-cold
0.9% NaCl (1 ml aliquotsj; acid-soluble radioactivity was
then removed by 30-minute incubation at 40°C with 5%
trichloroacetic acid (TCA). The cultures were-then
washed once (1 ml) with 95% ethanol and solubilized by a
30-minute incubation with 1 ml of 0.1N NaOH. The
solubilized material was transferred to vials containing
10 ml ScintA (Packard), and the radiocactivity determined
by liquid scintillation spectrometry. This assay
demonstrates the ability of the bombesin derivatives to
stimulate thymidine uptake into the cells. The EC;, was



- 29- Exanple 4.5 - other Enbodinents The foll ow ng somatostatin

derivatives were al so synthesized in an anal ogous nanner: [err]
BIM 23190 -+ Jerr] Bl M 23191 (HO-CH err] G NH
(CHerr]-SOerr]-D-Phe-c [ Cys-Tyr-D Trp-Lys-Abu-Cys | -Thr-NH err]
Bl M 23196 [err] Bl M 23202

[

calculated to be 0.48 nm, thus demonstrating that the
bombesin derivatives of the invention are potent
simulators of thymidine uptake.

Methods of Use _
The peptide derivatives of the invention may be

administered to a mammal, particularly a human, in one of
the traditional modes (e.g., orally, parenterally,
transdermally, or transmucosally), in a sustained-release
formulation using a biodegradable, biocompatible polymer,
or by on-site delivery (e.g., in the case of an anti-
cancer bombesin or somatostatin derivatives, to the
lungs) using micelles, gels and liposomes. Dosages are
generally the same as those currently used for
therapeutic peptides in humans. _

Additionally, the peptide derivatives of the
invention are suitable for the improved treatment of
diseases which are susceptible to treatment by the
corresponding unmodified peptide. 1In particular, the
somatostatin derivatives described above are suitable for
the treatment of cancer, acromegaly, pancreatitis, trauma
induced proliferation, diabetes, diabetic retinopathy,
restenosis following angioplasty, AIDS, neurogenic
inflammation, arteritis, and gastrointestinal problems
including diarrhea.



Example 5 - Synthesis of Bonbesin Derivatives
derivative,
manner as descri bed above: [err]

30
an anal ogous manner,

Results of Assays of Test Peptldes Exa

the somat osfgﬁﬁ% ?eggp{}gFan%gg%& :A?ﬁ?gﬁ'{}oq}o ﬁ&éﬁ%ﬁ}@f&%}% 095 to

order to de

tested in g@ﬁaﬁ@&bﬁ@SﬁAEINdPE§T§§§aP§RH¥hﬂEME&)neasurenents of the in

e 6 -

The fol | owi ng borbesin
also referred to as Bl M 26333, was synthesized in an anal ogous

Q her peptide derivatives of the invention can be synthesized in
usi ng syntheti c- nDdlflcatlons known in the art.
Bi ndi ng Assays

vitro inhi hite 8 BANBAN B I e e
pancr eas ranes. As |nd|catnd|uw'£§ple wnmhgled sonam9§hat|n
of this i I’l_ mtton—dermonstratedi gll brrreh lg ot S +o—these—ree
Addi ti onalfjly, thesShifl eci4ar we| ght, determ ned by nags sped@.n@netry
esti mat ed fjromthe molecutar Sfructure, 1§ (rstedTnjthetabtte—for
somat ost atﬂg deri §B5 ve28 Simiarly| the purif{ed borfb@3in an
descri bed; gboOvVeE Was TEsted T n p bonbesi n bl ndi Ng _asspy. T1nhe
¥ BIM - 23107 1340.4 1340.40 0.30

BIM - 23118 1313.5 1313.52 0.30

BIM - 23135 1426.2 1426.64 2.52

BIM - 23158 1299.6 1299.54 0.33

BIM - 23167 1347.6 1347.55 0.09

BIM - 23173 1235.5 1235.46 0.11

BIM - 23179 1305.9 1305.55 0.12

BIM - 23181 1435.0 1434.62 0.25

BIM - 23182 1193.8 1193.42 0.12

BIM - 23183 1323.0 1322.49 0.22

i BIM - 23190 1202.8 1202.47 0.20

BIM - 23191 1314.9 1314.61 0.08

BIM - 23195 1150.8 1150.39 0.08

BIM - 23196 1243.7 1243.50 0.09

BIM ~ 23197 1252.7 1252.55% 0.29

BIM - 23201 1262.8 1262.53 0:14

BIM - 23202 1247.0 1246.53 0.18

SUBSTITUTE SHEET (RULE 26)



bi ndi ng assay consi sted of neasurenents of the in vitro inhibition of the
binding of [err]l-Tyr[err] bonmbesin to rat AR42J pancreas nenbranes;. from
t.he assay, the binding affinity of the bonbesin analog to the GRP’ receptor
was determ ned to be about 21 nM Exanple 7 - G owth Hornone (GH)

I nhi bition Assay G oups of fiwve male Sprague Dawl ey rats (each

havi ng a wei ght between 250-300-g) were3fnirected s.c. with a somatostatin
derivative or saline. Thirty mnutes prior to the selected ost drug time
peri ods ShOWBYH THENETBITEON (o sSTIMHBATED SRAYIFS HORMOHE RELEASE ver o
anest het i zexk rATs NENswATOSPATESOPERTEDE. DERIVR@IVIBSNUL €S fol | oW ng
anest hesi a, an aliquot of blood was wi thdrawn by cardi ac puncture over
heparin to neasure basal GH Additionally, a s.c. injection of D Al a2-GRF
(10 [err]g/kg) was given. Fifteen mnutes later, blood was

- 31 - withdrawn torguesgkirraie (tpm@mﬂrﬂ@twkﬁénm§mm measured in

pl asma usi ge of CH
i nhi bi ti onjjwas cal cul at edzfﬁoomsdl ff? £Rses %q}or&ed be and
stinul at ed {GH val ues “fabl | _shows ffect purified
somat ost at i as |a tion i rre T fficalyg0

D- Phe- c[cyn RINE3048 - qf’gﬁ%q/q] B e {LP("& M 23 8)'£?n i ofti bi ting
growt h hor rﬂ'oggxizrjlgat S i|sqggwpar ed w1 ot h(3r5§qaat ost ptggnigleri vgti ves

(Bl M 23167, L 81—t —t-he—i-hventt-oh—AL—deriyat i ves
denonstrat ¢ g8rgapresi ng pipﬂgongecl esusst i onjoé7.asti on Weschs decr gases in a
t i me- depengent—Fashi-en- feh } } ted on

D- Phe- BIM-23181 99.24 ' 77.07 i 60.56 .

TABLE III-INHIBITION OF STIMULATED GROWTH HORMONE RELEASE
IN RATS BY SOMATOSTATIN PEPTIDE DERIVATIVES ADMINISTERED

S.C.
ED 50 (ug/kqg)
= ——
2 Hours 4 Hours 6 Hours 8 Hours
BIM-23023 0.48 1.11 2.26 4.32
BIM-23190 0.68 0.57 0.76 1.04
BIM-23195 | 1.19 | 3.3 2.08 3.23
BIM-23197 1.01 0.59 1.14 1.59
—
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c[ Cys-Tyr-D Trp-Lys- Abu-Cys]-Thr-NH err], a somatostatin anal og, and

Bl M 23190, BIM23195 and Bl M 23197, to determne the EDJerr] (i.e., ‘the
concentration of each conmpound required to inhibit fifty percent of growth
hornmone rel ease after a specified tine) of the respective conpound.

Experi ments were conducted at a dose rarrg@%of- between 25 [err]g/ kg and 0. 25
[err]g/kg. Table IIl shows the-surprising imrovenent of the somatostatin
derivatives oVBBLENIVOMDIFR I FFEHMETYE %tcrtrﬁvet%rqf'ous time intervals,

i ndi cati ng t heoMATesSUAPENdPEPTINE DBERIVATIVES i nul ated GH rel ease by the
conpounds of the invengd -0 daigeglife vy

The purified somat ost

activity against rapid Dr ol | 1t 1 ng _Ce s the effect
of these peptides on the growghpol 4R42J rﬁ ls. Unlike
natural sesatostatin, ghe derivatives of t }ate
substantial anti-proli eratiﬁg cgiéhty. Referring o to Fig.§1l, both
Bl M 23014C (a somat ostftin a f g) d BIM 23118 (5 derivativef of Bl M
- 32 - 23014) inhibitfthe growh of AR42JIrat pancreas tunor fells in a
concentrati on-dependerf fasfTd, 4F BI M | 23118 béi%nd the norf effective
of the two conpounds. B0 conﬁoun S Tnhibjt tuanor cell growmnjto a greater
extent than unmodified somatB3¥a2fh%4nal ogs at equi®al®ent concntrations.

BIM-~23109 72.1

BIM-23118 61.0

BIM-23135 62.9

BIM~23167 60.2

BIM-23173 67.9

BIM-23181 69.1

BIM-23182 68.7

BIM~23183 69.1

BIM-231895 69.2

BIM~-23197 66.4

! concentration 100 nM, AR42J Rat Pancreas Tumor Cells
after 8 days.

What is claimed is:



Exampl e 9 - Thym di ne Upt ake Assay In this assay, stock cultures of
Swiss 3T3 cells are grown in Dul becco's Mddified Eagl es Medium (DMEM and
suppl emented with 10% fetal calf serumin a hum dified at nosphere of 10%
CJerr] and 90% air at 37[err]C. Cells were then seeded into 24-well

cluster trays angyusggs four days after thesd ast change of nedium |In order
to arrest cells i Gl/ &GO phase of the cell cycle, the a serum free
DMEM was used 24 1hourAd pepaideodelré vahyivedcoepupsdkg:assay; cells were then

washed twice with 1 : | : f RS s aQ. 2.k ] nd

[methyl -[err] H thym'n%i %Léb?%é)éf%%lt)gwhgﬁ E%E?%ﬁ% %8&?32«)”5 onbesi n
derivatives were initfkl LpasEspag ghbgtagueng gttaghed to sgidipeptid® nMm
Aftgr_ 28 Ihoglrs atmci?ije.['c.e,r,r]v.ﬁmaxféne}gI hyéic]g eelhliﬂiﬂiﬁ\l”%ﬂi diéleséné?@!ff_ a?rﬁ-éxﬁn%ﬁftp
aci d-insol ubl e poal s was _assayed as ows., re shed twi ce
M th | ceocBld 0 SRNOCYE ST ot STHESEHIE o oM it Eoe YEF TS s
then renoved by Impawtd I niksbation at 40[err]C with 5%trichl oroacetic
acid (TCA). The cultures were-then washed once (1 nm) with 95% et hanol and
sol ubilized by a 30-m nute incubatioq%mjth 1 m of 0.1N NaOH. The
solubilized material was transferred‘:a\via@@.conyﬁining 10 M ScintA
(Packard), and the radioactivity deternped by-Tquid scintillation
spectronetry. This assay denonstrates_thd abifity of the bonbesin
derivatives to stinmulate thymdine uﬁ%ak 1 the cells. The EClerr] was
- 33 - calculated to be 0.48 nm thus _tempnstrating that the bonbesin
derivatives of the invention are potehtTsi nul at'efs of thym di ne uptake.

Met hods of Use The peptide derivatives of the invention may be

wherein
Ry is 0, S, or NRg, wherein Rg is H or (C,-Cg)
alkyl;
each R; and R,, independently, is H, (CH,),ORg, or
CH(OR4)CH,0Rg, wherein Rg is H or (C,-C;)acyl,
and each R, and Rg, independently, is H, (C,-
C,;) acyl, or C(Rg) (Ryg), wherein each Ry and
R,or independently, is H or (C;-C4) alkyl;
or each R; and R, is =CHCH,0R;,, wherein in R; and
R, independently, R;; is H or (C,-C,) acyl,
and m is an integer between 1 and 5,
inclusive; and
‘one of Ry or R, is (CH,),R;; or (CH,),CH(OH)R,,,
wherein R,, is CO, CH,, or SO,, and n is an
integer between 1 and 5, inclusive;
and the remaining R; or R, is H, (Cy-
Cg) hydroxyalkyl, or (C,-Cq) acyl;
and
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adm nistered to a mammal , particularly a human, in one of the traditional
nodes (e.g., orally, parenterally, transdermally, or transnucosally), in a
sust ai ned-release fornul ati on using a bi odegradabl e, bi oconpati bl e pol yner,

or by on-site delivery (e.g., in the case of an anti - f i r
somatostatin derivatives, to the |lungs) usigg- m cel | esjmﬂﬂ#uﬁmmﬂlu%s
Dosages are generally the sane-as those currently used t+or ct herapeuti c
peptides in humans. CompouAdditi dsally, the peptide derivatives of the
invention are suitable %or_é_ i nproved treatnent of di seases which are
susceptible to treatnentiby tfe? correspondi ng unnodified peptide. In
particul ar, the somatostatin fderivatives descri bed above are suitable for
the treatnment of ca Lo-afit,ehegaky) PR Hiols) trauma i nduced
proliferation, diabgﬁgs, di ab t?c %é?ingggtqy}tﬁgéFenggis fol |l owi ng
angi opl ast§, Al DS, neurogenicrinflannation, arteritis, and gastrointestinal
probl ems i ncluding di arRhetQ-CH, -
34 - TABLE I-1N VI TRO BI NDI NG AFFI NI TI ES AND MOLECULAR VEI GHTS OF

SOVATOSTATI N PEPTI DE DERI VATI VES [err] TEST
[err] CALC whereim:(err] nM SRIF - 14

0.17 SRIF - €8h R;3, Ry4 and R;s, independently, is H or (@,23
BIM - 23107 1340.h 1340.30 0. 30

Cyy) acyl;
Ry is NH or absent;
R,; is CO, O, or absent; i
R,g is CO, CH,, SO,, or absent;
m is an integer between 1 and 5, inclusive;
n is an integer between 0 and 5, inclusive; and

Compound III is:

(mz)m
Ry9=R20~R21-Ra37Ra3 ~Rgy~ (CHy) p=Rys= (CHy) g=Ryg

(CHy )
wherein: .

Ry9 is H, NH,, an aromatic functional group, OH,
(C;-Cg)hydroxyalkyl, H(Ryq) (Rag),
SO3H, or absent; wherein each R,y and R,g,
independently, is H or (C;-Cg) alkyl;

Ryg is O or absent;

Ry is (Cy~Cg)alkyl or absent;

Ry, is N, O, C, or CH;

-R,3~ is (C;~Cg)alkyl or absent;

R,y is N, CH, or C;

R, is NH, O, or absent;

R,¢ is S0O,, CO, CH,, or absent;
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'‘BIM - 23118 1313. 5 1313. 52 0. 30 BI M -

120906 129954 %055 BIM §§1HIIIIII [T |ﬂ||iﬁ|ﬁ8

1347. 55 0. 09 BIM- 23173 35t 5L H

0.11 BIM- 23179 1305.9 39 - 1305.55 0.12
BIM- 23181 1435. 0 . 1434. 62 0. 25 Bl M -
23182 11938 is an itS&ye? between 0 aRd 12, inclusbréf- 23183
1323.0 1322. 49 2 19 1202. 8
1202. 47 5.3 is an ingquéf noryeen ™ Mia’s) Sherusive; (17077
0. 08 Bl M - 231935 an integen Spefgween 0 4&@05891nC1US1V9r andg

BI M - 23196 %% integed Mdeiben 0 and 5 fnbfusive; BLM-
1262. 8 & 126‘2“%’331“ said PeB%iae moietypig a d to each °é47. 0
1246. 53 said SulStituents by a CO-N, CH,-N, or SO,-N bond between

said substituent and a nitrogen atom of the N-terminus or
a side chain of said peptide moiety.

2. The peptide derivative of claim 1, wherein
said substituent is Compound I.

3. The peptide derivative of claim 2, wherein
R;, is CH, or sO0,.

4. The peptide derivative of claim 1, wherein
said substituent is Compound II.

5. The peptide derivative of claim 4, wherein
R;g is CH, or SO,.

6. The peptide derivative of claim 5, wherein
Rj3¢s Ry4, and Rys are H, and R,, is absent.

7. The peptide derivative of claim 6, wherein
said substituent is (HOCH,);C-NH-(CH),~S0, or (HOCH,),C-
CH,.

8. The peptide derivative of claim 1, wherein
said substituent is Compound III.

9. The peptide derivative of claim 8, wherein
-Ry3~ is (Cy-Cg)alkyl; Ry, is N, C, or CH; and Ry, is C.
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- 35- TABLE Il-1NH BI TION OF STI MULATED GROMH HORVONE RELEASE | N RATS BY
SOVATOSTATI N PEPTI DE DERI VATI VES | NHI Bl “El n\
CONTROL) 25 [err]d KG 2 Hours 4 Hou-‘mmmw “ 8
Hours Bl M 23060 86. 39 64. 96 ~38: 15 *Bl M 23167
92. 67 79. 54 59. 72 50.414 = Bpwr23179 92 79 63. 85
67.78 68.26 BIM23181 * 99.24 _  77.07 56. 12
TABLE | 11-1NH Bl TIONIS& STihgIBSRD dROIGTL YRRM R E°§E‘EE%SE Br NWhrareipy
SOVATOSTATI N REP TR I, VARLYES AhS8TERED- dr€.absent; and the sum
ED 50 ([err]glggi andﬁfﬁf 2¥4 Rigﬁé rs 4 Hours 6 Hours 8 Hours
Bl M 23023 $ 11 4 %335 4.32 BIM23190 0.68
0.57 0. 76 1.04 BIM23195 1.19 3.13 2.08

BI M 23197 1101 The pefrffe deridatfive of d412%m 8, wherein
-R;3- is absent.

12. The peptide derivative of claim 11, wherein
at least one of Ry, and Ry4 is N.

13. The peptide derivative of claim 12, wherein
both R,, and R,4 are N.

14. The peptide derivative of claim 13, wherein
said substituent is one of:

HO (CH,) ,~N N ~(CH,),S0,~
22\ / 272°V2

and
\‘-/

15. The peptide derivative of claim 1, wherein
said peptide moiety is selected from the group consisting
of: somatostatin, bombesin, calcitonin, calcitonin gene
related peptide (CGRP), amylin, parathyroid hormone
(PTH) , gastrin releasing peptide (GRP) , melanocyte
stimulating hormone (MSH), adrenocorticotrophic hormone
(ACTH), parathyroid related peptide (PTHrP), luteinizing
hormone~releasing hormone (LHRH), growth hormone
releasing factor (GHRF), growth hormone releasing peptide
(GHRP), cholecystokinin (CCK), glucagon, Bradykinin,
glucagon-like peptide (GLP), gastrin, enkephalin,
neuromedins, endothelin, substance P, neuropeptide Y
(NPY), peptide YY (PYY), vasoactive intestinal peptide
(VIP), gquanylin, pituitary adenylate cyclase activating
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- 36 - TABLE | V-ANTIPRCLI FERATI VE ACTI VITY OF SOVATOSTATI N PEPTIDE
DERI VATI VES . CELL GROWH (PERCENT OF CONTRQOL) [

Bl 23014C 74 ) s 2o \\\m\\\\\\\\\\\\
67.5 Bl M 23109 C - a1 -

Bl M 23118 61.0 BI I\/I- 23135 62.
BI M 23167 polypeptideggkékAP), beta-cell trgkyhgséégenomedulln, andg;'
g: mggigé derivatives ,69f:11agments, and analogs)therest. _ 69:
Bl M 23197 66. 4

16. The peptide derivative of claim 15, wherein
said peptide mojety is somatostatin or a derivative,
fragment, or analog thereof.

17. The peptide derivative of claim 16, wherein
said somatostatin analog is one of: H-D-Phe-c[Cys-Tyr-D-
Trp~-Lys-Abu-Cys]-Thr-NH,, H-D-Phe-c[Cys-Tyr-D-Trp-Lys-
Thr-Cys]-Nal-NH,, and H-D-Nal-c(Cys-Tyr-D-Trp~-Lys-Val-
Cys]-Thr-NH,.

18. The peptide derivative of clgim 15, wherein
said peptide moiety is bombesin or a derivative, fragment
or analog thereof.

19. The peptide derivative of claim 1, wherein
said peptide derivative is one of:

HO(CH,) 5~ -( cnz }CO~D=Phe~c[Cys~-Tyr~D~Trp-Lys-Abu-~Cys) -Thr-lmz .
and
HO(CH,) 2"4 ={CH,),S0,~D~-Phe-c[Cys~Tyr~D-Trp-Lys-Abu-Cys] -Thr-NH,

20. A dimeric peptide derivative, comprising:
two biologically active peptide moieties, and
at least one substituent attached to one of said
peptide moieties, wherein said substituent is one of
Compounds IV and V, wherein Compound IV is:

NN ©©



[err] Concentration 100 nM AR42J Rat Pancreas Tunor Cells after 8 days.

What is clained is: -37- CLAIMS 1. A peptide
derivative conpri sing: a biologically activ m and
at | east one substituent attached to said peptidamﬂ' j"m'm”msal d
substituent is selected fromthe group COQ§|st|ng ‘of “Cofrpotinds 1+ 11 and
11, wherein Conmpound | is: e[eH] wher ei n: Rerr] is O,
S, or NRerr]yn grﬁlg Rlerr] is or (CJerr]-Cerr]) alkyl; each
serr) ana m e (ndgpendentt 15 (G LR e,

alkyl;

each R; and R,, independently, is H, (CH,),OR¢, or
CH(OR,)CH,0Rg, wherein Rg is H or (C,-C;)acyl, and
each R, and Ry, independently, is H, (Cy~-Cy) acyl,
or C(Rg) (Ryg) , Wherein each Ry and R,,,
independently, is H or (C,~Cg) alkyl;

or each R; and R, is =CHCH,OR;,, wherein R;; in R; and
R,, independently, is H or (C,-C;) acyl, and
m is an integer between 1 and 5, inclusive; and

each Ry or Ry, independently, is (CH,),R;, or (
(CH;) ,CH(OH)Ry,, wherein R,, is CO, CH,, or SO,,
and n is an integer between 1 and 5, inclusive; and,

Compound V is:

/

R19=Ry0~Rp;~Rp3~Rp3 =Rpq={(CHy) p=Ry5~(CHj) o~Ry¢

(CHZ m

(CHZ)n

wherein: )
R;9 is SO,, CO, or CHy;
Ryg is O or absent;
Ryy is (C3-Cg)alkyl or absent,
R,, is N, CH, 0, or C;
-R,3- is (C;-Cg)alkyl or absent;
Ryy is N, CH, or C;
R,s is NH, O, or absent;
R,¢ is so,, CO, CH,, or absent;
m is an integer between 0 and 5, inclusive;
n is an integer between 0 and 5, inclusive;



“or CH(OR[err])CH err]OR[err], wherein Rerr] is Hor ((err-

Cerr])acyl, and each Rferr] and Rerr], |ndependent S
H (derr]-Cerr]) acyl, or C(Rerr]) (R[err]) ““ ““\ \“\\\“\ " each
Rlerr] and Rerr], |ndependently, is H or err])
al kyl ; or New]amiNeH]Jqummm|m1me-GﬁWew]GﬂaH
wherein in Rerr] and Rierr] independently, Rerr] is H or
(C2-Cr) acyl, and p”ls'§n Eﬂtegfi'egéﬁween 0 and 5, inBehwges;l and 5,

et e GheSbe" Lhfeet! B abat B, (FRLEkEh Bl Rha™

(CH err]CH OH Rl err]g is an’ in
SJerr], and n i sharein at least one igf expeid lpepntcisie hmaiwkfes x| usi ve;

and  the OtQ%Eac?%g g&?@gcﬁmg¥ %?fﬁréubééﬁt&inté(gf”i]ddzﬁ”réﬂ -N,

hydr oxyal kyl

-38 - orcﬁﬁpoﬂnbonﬁ P@tween saige substiffdrasith:and a nitgpgemerr],
Rlerr] and RBQBEn] of' deperdaiNd W-tderdins (¢ &f 'dide chain of ord &f])
acyl ; Rk i.s NH or, ghsent;

peptide moieties.

21. The dimeric peptide derivative of claim 20,
wherein -R,3- is (C;-Cg)alkyl; Ry, is N, C or CH; and R,,
is C.

22. The dimeric peptide derivative of claim 20,
wherein R,, is O; R;g, Ry, Ry; and -R,3~ are absent; and
the sum of m and n is 3, 4, or 5.

23. A method of treating a disease of a patient,
comprising the step of administering to said patient a
therapeutic amount of the peptide derivative of claim 1.

24. The method of claim 23, wherein said peptide
moiety is somatostatin or an analog thereof.

25. The method of claim 23, wherein said disease
is cancer.
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Rlerr] is CO 0, or absent; Rlerr] is CO CHerr], SJerr], or

absent; mis an integer between 1 and 5, inclusive; nis an

i nteger between 0 and 5, inclusive; and Compound 111 is:

[err] wherein: Rlerr] is H NHerr], an aromatic functional group,
OH, (err]-Cerr]) hydroxyalkyl, H(Rerr]) (Rerr]),
SJerr]H or absent; wherein each R errkgand Rerr],

i ndependently, is Hor ((err]-Cerr]) alkyl; Rlerr] is 0 or absent;
Rlerr] is (CJerr]-Cerr])alfkfRABEVUAISERPTIDE DERIVARES] is N, O, C or CH
-Rerr]- is (Cerr]-Cerr])al kyl or absent; Rlerr] is N CH or C
Rlerr] is NH 0, or absent; Rlerr] is SQerr], CO CHerr], or
absent ; 39 mis an integerABeTRWEM 0 and 5, i ncl usive;

nis an integer between 0 and 5, inclusive; p is an integer between 0O

and 5, inclusive; and
Peptide derivatives containing one or more substituents separately linked by an

amide, amino or sulfonamide bond to an amino group on either the N-terminal end
or side chain of a biologically active peptide moiety. The peptide derivatives have
relatively enhanced biological activity when compared to the corresponding peptide

alone.

{Figure 1)



g is an.integer- between 0 and 5, inclusive; wherein the sumof m

and nis 3,. 4, or 5 and said peptide noi ety with the proviso that
conmpound 111 is not of the formula: [err] wherein n is 4, 5,
or 6 and mis 1to 6, is attached to each of said substituents by a
CON, CHerr]-N, or SQerr]-N bond/between said substituent and a
nitrogen atomof the N-termnus or a side chain of said peptide

noi ety. 2 he, pept ixde_derivati e of, cl aj , Wherein said
substituent is conpo qgt 0? ) Omatg.s Wpé’ﬁﬂ%ér Mti ] of claim
5, wne:_el n R][erlr] N smrﬁdratl@ﬂ[ of I AR42J Rat fPaﬂcremtoddfl
erivative of claiml, erein sai ent is conpoun :

5. The peptide derivative of claiﬁIZ}n%ﬂgfg€ﬁé¥E rr] is CHerr] or
sqerr]. . . . . .

R14, and
derivative %

5 aré H, and R17 is absent. 7. The pepti dé
Qim 6, wherein said
‘.

. —{— BIM-23014C

BIM-.23118

¢

70 4 . *

Cell Growth (Percent of Control)

’ g

T _ T —
——

0.1

Concentration (nM)

FPig. 1



substituent is (HOCH err]C-NH (CH)[err]-SO err] or (HOCH err] C CH etrdrras s

8. The. peptide derivative of claim1, wherein said substituent is

conmpound 111. 9. The peptide derivative of claim8, wherein
R[grr] is ((err]- Jerr])alkyl; ﬂerr S B or CH and Rerr

IS

deri vatlve oé %ﬁém 8, wherein Rerr] is O Rerr], i{‘, '!mm’mﬂmujmmnd
-Rerr]- 11. The peptide derivative of claim

wherein - S‘f Shsead - derlvatlve J@Ompg'mﬁpt i de derivative of claim

11, V\,herel n at Ieas one of R22 and N, 13, The peptide

derivative of cla npi@logieakin %”Eh"%[%‘??'}l%d“%%?ﬂ e N 14.

The peptide derivagi yes@ Chié Mslbstuteieitn setackeds tic usaidi peytel d ;
moiety, wherein said substituent is selected from the
group consisting of Compounds I, II and III, wherein
Compound I is:

REPLACEMENT SHEET|
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wherein:
R, is 0, S, or NR;, wherein R; is H or (C,-C¢) alkyl;

each R; and R,, independently, is H, (CH;),ORg,
or CH(OR,)CH,0R;, wherein Ry is H or (C,-
C,)acyl, and each R, and Rg, independently,
is H, (C,-C,;) acyl, or C(Ry) (Ry), wherein
each R, and R,,, independently, is H or (C,-
Ce) alkyl;

______

or R, and R, in combination are =CHCH,ORy;,

wherein in R, and R, independently, R,; is H
or (C,-C,;) acyl, and m is an integer
between 1 and 5, inclusive; and

one of R; or R, is (CH;)},R,, or (CH,),CH(OH)R,,,
wherein R,, is CO, CH,, or SO,, and n is an

N

integer between 1 and 5, inclusive;
and the other of R; and R, is H, (C,-Cq)
hydroxyalkyl, or (C,-C,;) acyl; and

v 3 C34
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[err] 15. The peptide derivative of claim1l, wherein said peptide
noi ety is selected fromthe group consisting of: sonmatostatin, bonbesin,
calcitonin, calcitonin gene related peptide (CGRP), anylin, parathyroid
hor mone (PTH), gastrin rel easing peptide (GRP), nel anocyte stinulating

hor mone (MSH), adrenocorticotrophic hornone (ACTH), par

peptide (PTHP), |uteinizing hornone-rel easi ng hornone Tﬂﬂmm' m m,
hor mone rel easing factor (GHRF), growt h hornone rel easi ng peptu

chol ecyst oki nin (CCK), glucagon, Bradykjnin, glucagon | i ke peptide (GAP),
gastrin, enkephalin, neuronedins .endot hel i 1, ¥&ubst ance P, neuropeptide Y
(NPY), peptide YY (PYY),cxggg W% |ntest|nal pepti de (VIP) guanylin,

pituitary adenyl ate cycl ase®ac vatlng pol ypepti de ( PACAP),
beta-cell tropin, adrenoneBusT®7CHpd derivatives, fragnents, and anal ogs
t her eof . 16. The peptidejderivative of claim15, wherein said
peptide noiety is soma ostatln o] % derlvatlve fragnent, or anal og
t her eof . 14~0=CHy=C~(CHy) n=Ry6~Ry7- (CH2) Ry g

R;5=0-CH,

‘wherein:
each R;3, R;4 and Ryg, independently, is H or (c,-
Cy4) acyl;
Rjg is NH or absent;
Ry, is CO, 0, or absent;
Ryjg is CO, CH,, SO,, or absent;
m is an integer between 1 and 5, inclusive;
n is an integer between 0 and 5, inclusive; and

Compound III is:
(CHZ)m
R197R20-R21=Rz3-Ra3 =Ry~ (CHj) ;~Ras=(CHy) q~Rye

— ' (Cﬂz) n
wherein:

Ry is H, NH,, an aromatic functional group; OH,
(C;-Cg) hydroxyalkyl, H(R,,) (Ryg),
SO3;H, or absent; wherein each R,; and R,g,
independently, is H or (C;-C4) alkyl;

Ryg is O or absent;

Ry; is (C;~Cg)alkyl or absent;

Ry, is N, O, C, or CH;

-Ry3-~ is (C;-Cg)alkyl or absent;

R,y is N, CH, or C; :

R,s is NH, O, or absent; REPLACEMENT SHEET

Ryg is SO,, ng?pxz, or--absent;
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17. The peptide derivative of claim16; “Wwherein said sonatostatln analog |s

one of:
H D- Phe-c[ Cys- Tyr
Tyr-D- Tr p- Lys- Val

H D- Phe-c[ Cys- Tyr-D- Trp-Lys- Abu- Cys] -

TIOR8

claim 15, wherein said pept'id® nbiety is bormbesin or a derivative,

Thr-NH err],

and H D- Nal -C[Q/s-

18. The pepti de derivative of

fragnment

or anal og thereof.

~said peptide derivative is one of:
" peptide derivative,

19. The peptide derivative of claim1, wherein

conpri si ny:

- 39 {err]

two biolo

'20. A dineric
ically active peptide noieties,

and

at

| east one Bubstatuintegerabrtywees

angf Sgaildcdastiives noi et es,

~Wherein said substifuggta}Sineqel HetRernd hMdasyd Yncwmaeisiedy Conpound |V

i S: [err]

p is an integer bhetween 0 and S, inclusive; and

q is an integer between 0 and 5 inclusive;
wherein said peptide moiety is attached to each of

said substituents by a CO-N, CH,-N, or SO,-N bond between

said substituent and a nitrogen atom of the N-terminus or

a side chain of said peptide moiety.

2. The peptide derivative of claim 1, wherein

said substituent is Compound I.

3. The peptide derivative of claim 2, wherein

Rlz is CHZ or 8020
4, The peptide derivative of claim 1, wherein
said substituent is Compound II.

5. The peptide derivative of claim 4, wherein

R]_B is C!’iz orxr S°2¢
6. The peptide derivative of claim 5, wherein
Ry3, Ry4, and Ry are H, and Ry; is absent.

7. The peptide derivative of claim 6, wherein
said substituent is (HOCH,)3C-NH-(CH),-SO, or (HOCH,),C~
c}!z.

8. <The peptide derivative of claim 1, wherein
said substituent is Compound III.

9. The peptide derivative of claim 8, wherein
-Ry3- is (C;-Cg)alkyl; Ry, is N, C, or CH; and Ry is C.
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SLeBq-Y WweS

: Rlerr] is 0, S, or NRerr] Rlerr] is Hor

al kyl ; each R err] andﬁ{@ l”""ﬂhﬂ ntly,
err], or CH(OR[err])CH err] R[err]
}-Jerr])acyl, and edBh Rlerr] and R[err]
s H, (C[err] Cerr]) acyl, or C(Rerr]) (R[err])
err] dhdisR[asy ripteger betwq&fﬂﬂde@e‘:ndiarﬂ,l yncnssﬁ:lver

lk ln 1is 1 e e _USlV 0 r]
_ |(r311 R{err] aQ{ %%%B &BEH &F endle?lf:} éerHrLrR[er

acyl ,p alrﬂj an integem bgtween ni eger Sbehneeﬂsivandaféd

' | dent ( rr err] or
rC]:H[err]CI—I(C]—I)R[er(raiacéfv%eragllrnnltifeg 83@” < dcﬂnéirr% lBLE ﬁ]%“éR% and nis
n i
s:

nt eger bet \Ae:émrielancthﬁ sumcbﬂsmvmd n is 3, 4andr 5 and Sald @amqwéd \%

: ' b r CHerr];
Rlerr] is Ool%ecr bSd it o s promﬁf gt %Qm%’@{‘é‘fiff %iﬁ rr}‘ﬁ%l%lthﬁr f&l[ﬁg‘éﬁfif
Rlerr] is|N, CH O, R[err] is (Cerr]-Cerr])al kyl or

absent; Rehnl 15 By &) QLo
N

wherein n is 4, 5, or 6 and m is 1 to 6, is attached to each of

said substituents by a CO-N, CH,-N, or SO0,-N bond between said
substituent and a nitrogen atom of the N-terminus or a side chain

of said peptide moiety.

2. The peptide derivative of claim 1, wherein said

substituent is compound I.

3. The peptide derivative of claim 2, wherein R;; is CH; or SO,.

4. The peptide derivative of claim 1, wherein said

substituent is compound II.

5. The peptide derivative of claim 4, wherein R;3 is CH, or SO,.
F

6. Theipeptide derivative of claim 5, wherein R13, R14, and
R15 are H, and R17 is absent.

7. The peptide derivative of claim 6, wherein said

substituent is (HOCH,).C-NH- (CH),~-S0O, or (HOCH,;) C-CH,.

8.  The peptide derivative of claim 1, wherein said

substituent is compound III.

9. The peptide derivative of claim 8, wherein -R,;- is (C;-
Cs)alkyl; R, is N, C, or CH; and R,, is C.
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Rierr] is NH, 0, or absent;. Rlerr] is Sqerr], CO CHerr], or

'nieger between 0 and 5, nclusive o o l"{ ﬂﬂgl\ﬁi5|||l\\\l\!\\\!|\” q

43 p is an integer between 0O d 5, inc X

an integer between 0 and 5, inclusive; an wherein at |east one of
said peptide noieties is attached to each of said substituents by a
CO- N, CH[err]-g, or SJ eot] - fsheopeptide destivesnisaidf selbsint8ienthendia
nitrogen atom ei ther, .t he ternj.nus_or a_si iy of one of said
pepti de noieti fg?z 18°; gi?’Tﬁ@’d:\hn’e‘r'i Lgr;ﬁweptl?’c?e c??reld\e?at | ve@of cl ai m 20,
wherein -Rlerr]- is ((err]-Cerr])alkyl; Rerr] is N Cor CH and R err]
is C. 22. The dineric peptide derivative of claim-20, wherein

re] i X rr rr rr - rr].-, ar ni ;- an h m of
i[gnd] Insi 2’ 3R[2 ]01r ?_[Je.l.] ' Tl%aepe]ptai%% d%[reivgtivae eotabcslea{nh g, dw}xeze'efrlil °

~Rg3— is absent.

12. The peptide derivative of claim 11, wherein
at least one of R,, and R,, is N.

13. The peptide derivative of claim 12, wherein
both R,, and R,, are N. '

14. The peptide derivative of claim 13, wherein
said substituent is one of:

HO (CH,) ,~N N -(CH,),S0,~
22\ / 272 2

and
\\—/

15. The peptide derivative of claim 1, wherein
said peptide moiety is selected from the group consisting
. of: somMatostatin, bombesin, calcitonin, calcitonin gene
relateﬁgpeptide (CGRP), amylin, parathyroid hormone
(PTH),'gastrin releasing peptide (GRP), melanocyte
stimulating hormone (MSH), adrenocorticotrophic hormone
(ACTH), parathyroid related peptide (PTHrP), luteinizing
hormone-releasing hormone (LHRH), growth hormone
releasing factor (GHRF), growth hormone releasing peptide
(GHRP), cholecystokinin (CCK), glucagon, Bradykinin,
glucagon-like peptide (GLP), gastrin, enkephalin,
neuromedins, endothelin, substance P, neuropeptide Y
(NPY), peptide YY (PYY), vasoactive intestinal peptide
(VIP), guanylin, pituitary adenylate cyclase activating




23. Use of the peptide derivative of claim1 in the manufacture of a

nmedi canent for treating a disease of a patient. 4. The use of
pepti de derivative of claim?23, wherein said peptl m
somatostatin on an anal og thereof. 25. The usec ‘#”

derivative of claim23, wherein said di$8ase is cancer.

p is an integer between 0 and 5, inclusive;

g is an integer between 0 and 5, inclusive; and
wherein at least one of said peptide moieties is attached to
each of said substituents by a CO-N, CH;-N, or S0,-N bond
between said substituent and a nitrogen atom of either the

N-terminus or a side chain of one of said peptide moieties.

21. The dimeric peptide derivative of claim 20, wherein

-Rp3- is (Ci1-Cg)alkyl; Ry, is N, C or CH; and Ry is C.

- 22. The dimeric peptide derivative of claim 20, wherein
Rz 1s O; Rig, Rap, Ry and -Ry:- are absent; and the sum of m and

n is 3, 4, or 5.

23. Use of the peptide derivative of claim 1 in the
manufacture of a medicament for treating a disease of a

patient.

24. The use of peptide derivative of claim 23, wherein

said peptide moiety is somatostatin on an analog thereof.

25. Thé use of peptide derivative of claim 23, wherein

said diseas€e is cancer.
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