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Backaground of the Invention
Parathyroid hormone ("PTH") is a polypeptide
produced by the parathyroid glands. The mature
circulating form of the hormone is comprised of 84 amino
acid residues. The biological action of PTH can be
reproduced by a peptide fragment of its N-terminus (e.g.

~amino acid residues 1 through 34). Parathyroid hormone-

related protein ("PTHrP") is a 139 to 173 amino
acid-protein with N-terminal homology to PTH. PTHrP
shares many of the biological effects of PTH including

binding to a common PTH/PTHrP receptor. Tregear, et al.,

Endocrinol., 93:1349 (1983). PTH peptides from many
different sources, e.g., human, bovine, rat, chicken,
have been characterized. Nissenson, et al., Receptor,
3:193 (1993).

PTH has been shown to both improve bone mass and
quality. Dempster, et al., Endocrine Rev., 14:690
(1993); and Riggs, Amer. J. Med., 91 (Suppl. 5B):37S
(1991). The anabolic effect of intermittently
administered PTH has been observed in osteoporotic men
and women either with or without concurrent
antiresorptive therapy. Slovik, et al., J. Bone Miner.
Res., 1:377 (1986); Reeve, et al., Br. Med. J., 301:314
(1990) ; and Hesch, R-D., et al., Calcif. Tissue Int'l,

© 44:176 (1989).

3: 193 (1993) PTH has been
, Endocrlne



I n one aspect,
wherein Alerr]
Leu,
is OH a hal ogen,
Pal , Acc, Phe,
is Met, Nva, Leu,
[err]-Nal, Trp, Pa
CH3; Alerr] is Gy
Trp, Pal, Acc,
is Ser, Asn, Ala,
Met, Nva, Leu,
Alerr] is Vval,
98/ 30590
Alerr]
Leu, hArg, n, Ac
is GQu, Acc,tor Al
Cha, or %lel et'ed;

is

Acc,

N ewoldsBosstha,

Phe,

Va.lI

the invention features a peptide of the fornul a:

Ser, Ala, or Dap; Alerr]
[err]-Nal, Trp, Pal, Ac
or CH3; Alerr] is Leu, N

or p-X-Phe in which Xis OH a hal ogen,

N
Phe

Val, Ile, Cha, Acc
|, Acc, 20 Phe or

, Acc, or
or p-X-
or Aib; 25

i

2

Alerr]

a, or

the formula:
is Trp, Acc,

or Cha; A[err] is Leu,
c, or Cha; Alerr]

b; Alerr] is Asp or Lys;

sthRa Ol 86! EnkS 1hlnc

Qﬂﬁécémcthéhﬁmv&ﬁtf$ﬁ f@é@ﬁfés

is Leu,

[err] 5 10
is Ser, Thr, or Aib; Aperr]:is
c, 15 Phe or pPCTAIReTN2498Whi ch X
e, Ile, Cha, [err]-Nal, Trp,

or CHerr]; Aerr]

e; Alerr] is Leu, Ne, Ile, Cha,
in which Xis OH a hal ogen, or
Ile, Cha, [err]-Nal,

al ogen, or CH3; Alerr]

Thr, or Aib; Alerr] is

' é geggzae%?
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Cha; Alerr] is Lys, A b,
or Cha; 5 Alerr]

is Val, Leu, Acc,

is Ser,

[err] Is
Acc, or
Acc,

Alerr] N e,

A,-Val-A,-Glu-A;-Gln-A,-Ag-His-Asn-A,), -A,-Lys-His-A,,-

/
R,

Bie-A1-A3-A g~ AYG-Ay - Ay~ Ry~ Ry ~AYTg - LyS~Ayy- Ay - Ay~

10

wherein

15

Phe, or p-X-Phe in which X is OH, a halogen,
A, is Met, Nva,
A,, is Leu,
Phe or p-X-Phe in which X is OH,

20

Phe or p-X-Phe,

A, is Leu,

Ayg~R3,-Ay-Ay-Ay-R,y,

Ala,
Thx,
Nle,

or Dap;
or Aib;
Ile, Cha,

is.Ser,
is Ser,
is Leu,
Nle, Ile, Cha,
Leu, Val,

Nle, Ilel Chal

A,, is Gly, Acc, or Aib;

A); is Leu, Nle,

Ile, Cha,

in which X is OH,

8-Nal, Trp, Pal, Acc,
a halogen, or CH,;
g-Nal, Trp, Pal, Acc,
or CH,;
Ile, Cha, Acc, or Nle;
pg-Nal, Trp, Pal, Acc,
a halogen, or CH;;

B-Nal, Trp, Pal, Acc,

Phe, or p-X-Phe in which X is OH, a halogen, or CH,;

A6

25

Aib;

30

Ala,
or Aib;
val,

Asn,
Ser, Thr,
Met, Nva,

is Ser,
is
is Leu,
Glu or Aib;

Val, Acc, Cha,

Acc or Glu;

is

is

or Aib;

Ile, Nle, Acc, Cha, or

or Met;



Alerr] is His or deleted; Alerr] is Asn or deleted; 10 Alerr] is

Phé, Tyt A|b or deleted; each of Rerr] and Rerr] |

mdepend’gﬂt9 Y, Cerr] alkyl, Cerr] alkenyl, Cerr] phé’ﬁ%ﬂé%%"?sqerr]

napt hyl al kyl , C[err] hydr oxyal kyl, C2 12 hydroxyal kenyl, (err]

hydr oxyphenyl al kyl, or Cferr] hydroxynapthylal kyl; or one 15 and only one

of Rlerr] and Rerr] is COE[err] in whixh-E[err] is Cerr] alkyl, (err]

al kenyl, Cerr] phenylal kyl, Cerr] napthylal kyl, Clerr] hydroxyal kyl,

( err] hydroxyal kénylis J=pr |AdydrexyChahenyl al kyl, or ([err]

hydr oxynapt hyl al ky . @g\dbéﬂeri&cl SofttniE{err], Cerr] al koxy, or

NH Y-CH2-Z in Wmch 20 is aderr] hydrocarbon nmoiety and Z is H, OH,

cqerr]H or CONHPerris IpY%w}H?e}él tha¥: aPArgastlBneP6f  APEr FRaiA[err],

ﬁ%err} A%err} ﬁ%pggrjs Iéé@;rzlccA][era;haA[err] ALerr] A[_err}l, A[err], o :
err], err err err or a pharmaceutically acceptable

salt théreof. Bas 1s (’af%g'[‘f%i | B ﬁggare exanpl es of the peptides of the

i nvention covered Ay idvecAsbove Bwspul a: [Ahc[err] JhPTH(1-34)NH err];

Ah NI & hP, I
%Ah((::% g”} ] hPTH(eI[ °Z % e?l% er%\‘%ﬁ é%] ]ﬁé‘%%g klﬁ[ defpreds
[ Ahc[ err]] hPTH(I - 34} NI %5 ; O{Aﬁn%ié'\i?ii ] hPTH( 1- 34) NH err];

[ Ahc[err] ] hPTH(I - §) isaNderrder1ébglerr], AnCerr]] hPTH( 1-34)NH err];

AnC er,r] 1 hPTH( 1- err Ahcl err hPTH I NH
EAh((::% e?ﬂ”} } hPTHEl r\ﬂ% 5} %%c%%‘r“?}] Agb, (LVE[ é%’il]a EETH(l 34) NHerr];
(Ahc[err]] hPTH( 1- CﬁBdHH[cefr R, anah&ets] ] bRAebénddnt N, err, ] £, (Ahellerr] ],

Ceulorr]] Fom ey ngar PR piAet ki B rarSbARiigg i

(Ahc[err] ]th‘H(JEYQZL)CNH[ efs}s HymngxyalRempPTH(d~24) NH err]; VO 98/ 30590
PCT/ US97/ 2 hBFHEL- 34} WII%{R’]D .

[ Ahc[ err Bgaﬁoxf}g A?F%rf‘ M[/%cg“ 3 AL ]thIXTH(l 34&|\?|—’f[ err;

(Ahc[ e %’éh’] PHPTPI | RgBMY By r§S 'GORhcfBr 1-12

Ai b err]] h@Tki1; 34). I\lﬁ[aamdnyﬂ Ane| gr phAPTHL ky34) Nl;{Z_n bAbtb@ﬂlﬁa]l]}dyﬁ_TH (1-
34)NH errl e, [AGIRILan Pl &1 LT ARSI a3 bbb T 1] ;) kpRgkss/ 11 Ablerr]]
.phenylalkyl, or C,, ,, hydroxynapthylalkyl; and
R, is OH, NH,, C, ,, alkoxy, or NH-Y-CH,-Z in which

20 Y is a C,,, hydrocarbon moiety and Z is H, OH, CO,H, or

CONH, ;
provided that at least one of A;, A,, Ay, A,,, A,

As, Ay, By, A, Ay, A, A, By, Ay, and A, is Acc; or a
pharmaceutically acceptable salt thereof.

25 The following are examples of the peptides of the
invention covered by the above formula:
[Ahc” *']hPTH(1-34)NH,; [Ahc™ ™, Nle® '*, Tyr’*]hPTH(1-
34)NH,; [Ahc]hPTH(1-34)NH,; [Ahc”*S]hPTH(1-34)NH,;
[Ahc’}hPTH(1-34)NH,; [Ahc?*]hPTH(1-34)NH,; [Ahc®*1hPTH(1-

30 34)NH,; [Nle® %, Ahc?’]hPTH(1-34)NH,; [Ahc?*]hPTH(1-34)NH,;
(Ahc’*1hPTH(1-34) NH,; [Ahc?* 2% ']ThPTH(1-34)NH,; [Ahc®* 2
', Lys**]hPTH(1-34) NH,; (Ahc® **]hPTH(1-34)NH,;;
(Ahc’®*]1hPTH(1-34)NH,; [Ahc?** %7, Aib*’, Lys**1hPTH(1-34)NH,;
[Ahc?*: 27, Aib?*®, Lys??, Leu®']hPTH (1-34)NH,; [AhcS]hPTH(1-

35 34)NH,; [Ahc'?1hPTH(1-34)NH,; [Ahc®’] hPTH(1-34)NH,;



5 hPTH(1-34)NH err]; [Ach][err] hPTH(1-34)NH err]; or [Ahc[err],

Aib[err] ] hPTH(1-34)NH err]; [Ahc[err], Leu[err], A b[err]hPTH(1l-34)

NH[ err]; [Ahc[err], Leu[err], Aib[err]] hPTH(1-34)NH2; or a

phar maceu cceptabl e salt t hereof. I n another aspect tion
features quilpdgg?l de of the fornmula: [err] wherein Alerr] Pd}&lﬁgm%gél or
Dap; 20 Alerr] is Ser or Aib; Alerr] is H's, Ile, Acc, or Cha;
Alerr] is Leu, Cha, N e, [err]-Nal, Trpg Ral, Acc, Phe, or p-X-Phe in which
X is OH a halogen, or CH3; Alerr] is Leu, Met, Acc, or Cha; 25

Alerr] is Asphot’]A®TH (Al-8r)NH,s [Bisc®LeUhram(1 4oL NiBhe, (Abic?{-e¥1] - Nal ;

Gha b0 -~ IRy Salvel Sthhal REbUTRPT QN 5 Babl ) T Leu,

Ai b, Acc, oAll@TﬂhPA‘Fidrlr-]B‘ll)QTHAr g[hhclﬂxﬂ BPTH[(arB}) N8, PhéAhed IthPTH b(1Acc, or

Cha; 35 A i & P 2 - 8, 24, SAD A 90
PCT/ US97/ 2249%NH [ e&rr] Bﬁ&: i}%Tﬁ_y@ 3%%2@;1%%[;9”] i's b3€)]SLys
Ai b, Acc,® oRPEH{L- Aﬁ FE3 | é’“l'-]lil]s hw%(lﬁéé)% 9% [AY@EFr], is Leu, Lys,
Acc, or ChaAlﬁnlhpm(l-é[z;e i sahé®, Leur Lmbzmmrmn%mﬁ[ err] is Ala,

Qu, Acc, Aﬁd Q, Akeg;] Al% %P’f}?& H zc,:haor él li)haAr(r:nCacc-zut13/aslly
acceptable salt thereof.

In another aspect, the invention features a
10 peptide of the formula:

R,

A,-Val-A,-Glu-A,-Gln-A,-A,-His-A,o-A,,-A,-Lys-A,,-B, .-

15 R,
Bye-Ry9-RAp=Ay - AYg~AYXG-A, =Ry -Ay = Bys—Byg-Byy-Ryy-
Azs'Aso'An'Aaz 'An "A34'R3
wherein _
A, is Ala, Ser, or Dap;
20 A, is Ser or Aib;
A

s 1is His, Ile, Acc, or Cha;
A, is Leu, Cha, Nle, B8-Nal, Trp, Pal, Acc, Phe, or
p-X-Phe in which X is OH, a halogen, or CH,;
A, is Leu, Met, Acc, or Cha;
25 A,, is Asp or Asn;
A,, is Lys, Leu, Cha, Acc, Phe, or f-Nal;
A,, is Gly, Acc, or Aib;
A,, is Ser or His;
A,, is Ile, Acc, or Cha;
30 A, is Gln or Aib;
A,, is Asp or Aib;
A,; is Leu, Aib, Acc, or Cha;
A, is Arg or Aib;
A,, is Phe, Glu, Aib, Acc, or Cha;
35 A,, is Phe, Leu, Lys, Acc, or Cha;



Alerr] is Ile, Leu, Cha, Lys, Acc, or deleted; Alerr] is Hs or deleted; 10
Alerr] i's Thr or deleted; Alerr] is Ala or deleted; each of Rlerr] and
Rlerr] is, independently, H (err] alkanyl, Cerr] phenylal kyl, Cerr]

napt hyal kWO 9830380 | | hydroxyal kyl, { err] hydroxyal kenyl, GE€FUp723498

hydr oxyphenyl al kyl , or Clerr] hydroxynapthyl al kyl; or one and only one of
Rlerr] and Rerr] is COE, in which Elerg]-is Cerr] alkyl, (err] alkyl,
Cerr] alkenyl, Cerr] phenylalkyl, C[err] napthylal kyl, Cerr]

hydr oxyal kyl , C[elArZJ i‘a/ch:eaxyal,ﬂ@nijccﬁ[@rrc]:hélydr oxyphenyl al kyl, or Cerr]

hydr oxynapt hyI al k NH err], err] al koxy,

or NHY-CH2-Z in \%ﬁf’clh &xlr'z% aLﬁer}r\‘ e%%obarf)qrg]&rrbr ety and Zis H OH,

COerr]H or CONH2Aprioyikiesl tAidp, ak.c&tea(sr by®;of Alerr], Aerr], Aerr],

Alerr],, Aerr], Q%erjr% LM Efs ﬂ@ér]or%ﬁéf] Alerr], Alerr], Aerr],
A

Alerr],, Aerr], err Alerr or Aferr] is 25 Acc; or apharmaceutrcally
acceptabl e salt tHerecb? IhHhe ¥ORI g AFer eXENBRRS of the peptides of the

i nvention coveredpa) 1§mmomrjorm§1 o{»G,;u}berr] Leu[ err] Lys[err],
Aib[err], AhCerr PTHr P(1-34) NH err] A yer [ Lys[err

LeU% er r} , A l():%er rHJhFﬁ“f-lr Y %ﬂ%‘f\n-l%hﬁ? %% %‘%’ %FF] B{’Er / [Lys][ err],
Ahclerr], A b[ err]A];hH]'s-eréq- SME)N%[Eha] Lysy u@ecr]oted{aEet]ad Lys[ err],
Ahc[err] ]hPTHrP(I 3@'% [é;p Leu[err], GQu[err], Lys[err],
AhClerr], Arb[err l_%( 4) err 5 [Qu[err], Leu[err], Ahc[err],
Lys|[ er rl]o Ai b[ er r FhPFH T -2 )defereqd; [Qu[err] Leu[err], Aib[err],
Lys[err], Ahc[err]a, hPTEHrﬂ,—; @ﬁ)&@[@fé&ii 35 [Qu[err], Leu[err], Aib[err],

L , Ah PTH WD_98/ 30590
ystercd, Lo IIETHP (1 S Mo ] sopend S 9558, 5,

Aiblerr]] heTkRyl; 3C42J\||13[Yﬁﬂ3/]Lal[}@1U[311EJza dapleralkylysgerr], Ahcferr], Ab
Leuferr], AOTEPFHRBYey B SHRICRI e ferel , Loulerr], Guiert],
Lys[ er &P, w&rexypphwmabwl or Cy,.,, hydroxynapthylalkyl; or one
and only one of R, and R, is COE, in which E, is C,,,
alkyl, C,.,, alkyl, C,.,, alkenyl, C,,, phenylalkyl, C,,..,
napthylalkyl, C,.,, hydroxyalkyl, C,,, hydroxyalkenyl, C,.,,
hydroxyphenylalkyl, or C,,.,, hydroxynapthylalkyl; and
20 R, is OH, NH,, C,,, alkoxy, or NH-Y-CH,-Z in which
Y is a C,.,, hydrocarbon moiety and Z is H, OH, CO,H or
CONH, ;
provided that at least one of A, A,, A, A,,, A,
Ajs, Rgr Ry Rgys Byys Rgs, RAger Rgqyr Bggs By, Ay, OX Ay 1S
25 Acc; or a pharmaceutically acceptable salt thereof.
The following are examples of the peptides of the
invention covered by the above formula:
[G1lu?? 25, Leu?¥ ?*, Lys?% *°, Aib?*®, Ahc*']hPTHrP(1-34)NH,;
[Glu??' 25, Ahc**, Lys?® *°, Leu?® ', Aib?*’]hPTHrP(1-34)NH,;
30 [Glu?*? 25, Leu®- % ' Lys?% 3, Ahc?, Aib**]hPTHrP(1-34)NH,;
[Glu?? 25 2 Leu? 28 3, Lys?, Ahc®®*]hPTHrP(1-34)NH,; [Cha??,
Leu?: 28 31 @lu®®, Lys? 3°, Ahc?”, Aib**)hPTHrP (1-34)NH,;
[Glu?? 25, Leu®' %% 3!, Ahc?*, Lys®*® *°, Aib*’]hPTHrP(1-34)NH,;
[Glu?? 2°, Leu?* 28 3!, Ajib*, Lys?® ?°, Ahc?’]hPTHxP(1-34)NH,;
35 [Glu®*?, Leu? 2% 3, Aib?% 2°, Lys?% 3%, Ahc?’] hPTHrP (1-34)NH,;



5 [err])NHerr]; [Cha[err], Leu[err],Ahc[err], GQu[err], Lys[err],

Aib[err] ] hPTH P(1-34)NH err]; [Qu[err], Leu[err], Ahc[err], Lys[err],
Ai b[ er r] Mid’dgoseol- 34) N\H err]; [Ahc[err], Quf[err], Chalerrdrrusore2fosrr],
Leu[err], Aib[err]] hPTHrP(1- 34)NH[err] [Qu[err], Chalerr], Ahc[err],
Lyc[err], Leu[err], Aib[err]] hPTHrP(1- 34)NH[err] [Qu[err], Leu[err],

Lys[err], 10 Ahc[err], Ai b[err], NIe[err]]hPTHrP(l 34)NH[err] [Ser[err],

Ile[err], Chalerr], Met[err], Asn[err]' Hls[err] Gu[err], Leu[err],

L err], sbLers TrP SNH err],

I\/)éts% err} , m%?r}r‘e‘?eu[kgrr] ]Ef ﬁ 3{1) 2 afF gsﬁlﬁ%é T“ﬁ%s'[ e]rr] ,
Ahc[err], Adiwe?r i, heedrP(r, Mdb{sers?,] Ahc{zﬁjﬁalf.ﬂvzr”]hpmiﬂ’élﬂé)m{y,{ errj,

L 2 285 hREH 2834) N

Aﬁi% g: H ] Aetg'tja[eﬂ i}‘hfyé[ eﬂl?[ erLrg] er r%r F%éTHr?:’ ?[ m er!c%> H e{ﬁm‘f’ér r],
Leu[err], LiAhq®rty? Ahfeﬁlér‘r I RETHP 3Ly st & errr ]AJ- T@?P]l Leu[err],
Ahclerr]g [l\g.fzr'] (st erttdy23., 28A|3b'[ etpdak hPTHf;E(llzs» 3 k. elor] [ Chal er r] ,

L , L L PTFrR( 1- 34) NH ey,
EH R N i e L
] hPTHr P( 1- mm%npﬂzrpqmm[nnﬂ [AleaiP et 1, @uiey r¢ha’EySL 5?5] ¢

ek RS e RN o gl Bl

Lys[err]] hIIEHIZP’( 1A 81’ NHPEHEP;( 1 -Ba) ier r [GluBufr rL]eu“Ah’&[ é‘r r ]L,ysLS/,s[ err],

Al b[err 2P1 oNH B er eu 5 ern), Lys[err],
Ai b%err}L] hP éé KH e%rq]]hp égl 3r4])N}i_Cha g%’%i li%’ err L]y/s[e?/r][, ]
H

Leu[err], THHS( 1- %JQS‘N rI-]euzs ke u‘[rerlﬁﬂs26 éha[éh@i s+ Ahcl[err],
ky[S[er]r] L@%&@Iﬁtwﬁﬁpbﬁesuﬂa&f’gﬂﬁx}?kg%EH[P ?fxé&“) [AEnyq, erﬂe]uud!aFerr}
clerr], Lys[erl].. er r ) uferr
Leu[err], Xﬁc[%?' ]/ Eg‘%[ erlﬁl rr]]hPHF 1‘4\\@5@5&%‘%#3?1‘ [Gu[err],
Leu[err], Ahgdty;],[Chays[ exlid??, AGbl[l’ér,r]L.lthTH? P(IJetﬂBf)NH[err] [Qu[err],

e rhs %‘%ﬁﬁi’?ﬁ%ﬁﬁe”]ﬁmmué N s 30, Mprl

[Qu[err], tERPBHEP (1r34) ¥Hs] | [ e?s,] Lenfb[&r 1 ] BPFEY |3E,1 34)NH err];
[Gu[err], A&WPFﬁPi‘HrbHL@UﬁH Siorre| er gz A b er gl daPTEL £{1- %ﬂ»)sNH[err]
[Qu[err], WO 98/ 30590

PCT/ US97/ 2249 ]?{9 hﬁ@f%lpr(]l 34A|N5lﬁer l[ﬂlahPTPF BCL Y Ba) AREerT] C1WE u[err]

Leu[ err] ,Lys?6{ &, r Rib?°] hPTHrP (1-34)NH,; [Glu??*' 25, Leu?3: 28 31, Ahe?4.
20 7, Lys?® 3%, Aib?*IhPTHrP(1-34)NH,; [Ahc?- 2% 27, Leu?: 28. 31
Glu?®, Lys?S 39, Aib**1hPTHrP(1-34)}NH,; [Cha?!, Leu?? 28 3,

Aib?: 2%, Lysg? 3, Ahc?’]hPTHrP(1-34)NH,; [Ahc?® 27, Leu? 2
O Aib? 2, Lys?S °JhPTHrP(1-34)NH,; [Glu?*?, Leu?® 28 31,
Ahc?**r 27, Lys?5: 2630 Aip2?l hPTHYP 1-34)NH,; [Glu??, Leu?: 28,

25 Ahc?® 27, Lys?5 26°3° aib??lhPTHrP(1-34)NH,; [Glu??, Cha??,
Ahc?** 7, Lysg? 26 30 Leu?®, Aib?’ThPTHrP(1-34)NH,; [Glu??* 25,
Cha?*, Ahc?**: %7, Lys?®% 2%, Leu?® 3!, Aib**]hPTHrP(1-34)NH,;
[G1lu?2, Cha?3, Ahc?*" 27, Lys? 28 30 1eu?® 31 Aib>**ThPTHYrP(1-
34) NH, ; [Gluzz, Leu?3- 26 31’ Ahc?* 27, Lyszs, 25'

30 Aib?*]hPTHrP(1-34) NH,; [Glu*?*, Leu* ?®, Ahc?* 27, Lyg?5 2,
Aib**1 hPTHrP (1-34)NH,; [Glu**, Cha®®, Ahc?*: %7, Lys?®® 2%, Leu?*
3, Aib?°] hPTHrP(1-34) NH,; [Glu®*?, Cha??, Ahc*- 27, Lys? 2,
Leu®®, Aib**] hPTHrP 1-34) NH,; [Glu*), Leu®: 2%, Lysg? 26,
Ahc?’, Aib?*]hPTHrP(1-34)NH,; [Glu**), Leu®- 2% 31 [yg?5. 26,

35 Ahc?’, Aib**]hPTHrP(1-34)NH,; [Glu*), Leu?- 28 31  [yg?5 26, 30,



AhClerr], Ailb [err] J]hPTHP(1-34)NH err]; [Guf[err], Chalerr], Ahc[err] ,
L , Alb hPTHr P( 1- 34) NH ; €]
ng%:”}v&%&]r] AhCl [e(rar]rﬂrPTHr IrD((l - 3)4) [Na{ re]rr] [ U[g{'{err Lelrj{]err]
Guferr], 5 LyS[err]) hPTHr P(1-34)NH err]; [Cha [err] AhC[err]

Lys [err], Leu[err]] hPTHr P(1- 34)NH[err]7 [Cha [err], Leu[err], AhC[err] ,
Guferr] , Lys[err] ] OhPTHr P(1- 34) NH’err]; [Chalerr], Leu[err]

d , 29 P P 42NH 28 5

a 3%2:” %[eé }L AH@F&?](?L}# &5{2 (éﬁfﬁ)l—l[e rg] ( ?’eﬁ] ra],o’ Leu[err],
Quferr], erA].b”ib.PTHI:rB[(ér-B]fi)}\IhIE’THI{@l.u2234)2NHf3er rA]h,c“,[ QesFet]
LouLerr] | nds]estbokpsherih oA BRI ‘*i““iﬁhﬂ[erig ‘e
[err], Led‘{lé’-‘r2 F1 Ah%r"BhFéHFF(lL?S)N@zu[éMH hﬁerrIF‘{ 37 RH G397

Leu[err]; y_ﬁlkg:z[seror]hp-yﬁrl;:[(qr_rg]tl)m%[er[t}l]ikﬁDTlgin-]azi Kol evrr][,h, s2{-Geuferr],
Leu[err], [errl; ze[GU[e”]

o e Gopn

. Leu[err]te %

-
M Aﬁéﬁ%r ] %Le‘ﬁgrﬂ Eg'

1}3@32

errJ;

[ G u[ err] Liyts®é{ & HpTHARY ]I—GFQ)NHZLYS{EBBF’], 1Ahét-e¥r Py, e F’("’l Bﬁ;NHZ

[Qu[err] sole

o) ot biglat ool

eu err

FoiEhee,

err

Ai b er § b hiZhtds %F@ﬁ%ﬁ'ﬂﬁeﬁﬁ %
hPTHr P( 1- 34) er r]‘_} 5-! euf et
AhC err]] AP 8¢ ]mzf[@:h err

err]) thPTERE(IRE TS Rep BNPET Lo

Mgy
34) NH er Ahc** T hRREFBAL} 34 LﬁHierE‘]fha@ u{-@rﬁ’] 2
A]f@{lgzr ] Le]ieu[zer rdluza uf epkhes.Lys[err],

] ]’E&ferﬂbﬁLy%Y%rr]},r AR Err]]
hPTH P ( 1-*3phpiekentl 34) kahd exud2z, Chaufer*?j A nliprr] Lylsys[err],
JJerr

err]

hETEY P(
bLerr
, LYSZS

b1k ] oy 26.34)
err

3120Glu25

’“ﬁwa&%’g{r ?]A}chy's[ J[r

Ai b[ err]] HEm4F PED r@gHﬂﬂ[(arrﬂ&)NﬂzAhdFémﬁ 2, Lpefi¥r Y, Pm@f,erm)]szm ¥,

({A@ :errzs]

err

11 By b BRI S Ny r

PT,.MP: ¢! hP@H}-‘PNF-IféﬁE NH,;

hPTHr P H[
PTl%JFRUS ]’ﬁﬁﬁﬁ’l}l}l 34
PTHxR$%1°} BRTHME[(er B]&;) NHQ ufshed?,
PT, 1 L r
Y
3 hPTHrP(1- 34 )NH, ;
Ahc?®°]hPTHrP (1-34)NH,;
Ahc?’] hPTHxP (1-34) NH,; [Ahc?,
3 Aib*®*)hPTHrP(1-34)NH,; [Ahc?*?,
{Ahc??,
{Ahc??,
[Ahc??,
[Ahczz, 24l

r
[
r
[
[
r
r
r
Gl 22, 25 29[

25 Aib**]hPTHrP (1-34)NH,;
Aib?*°] hPTHYP {1-34)NH,;
Aib?*] hPTHrP (1-34)NH,;
Aib**1hPTHrP (1-34)NH,;
Aib**]hPTHrP(1-34)NH,; [Ahc?* 2%,
Aib?°] hPTHrP (1-34)NH,; [Ahc??* 2%,
hPTHrP(1-34)NH,; [Ahc?* ¢,
34)NH,; [Ahc?? 24, Leu?® 28,
34)NH,;
[Glu??,
[Glu??,

30
Leu?
Arg®

23, 28, 31
Leu?? ,

35 Leu23, 28, 31’ Ahc24' LYSZS, 26

Leu[er
‘éfer re] Lawl e 7

1

1

h

r]] APl Photnr34) -Bidh et ] © [cl4hCRer?], Léﬁ‘U[ er. ra]l
r A&f‘gﬁr td, sl e Lersr ks, 21
h

h

2

Leu[err

[Glu22, 25, 29 ,
Cha??,

Cha??,

23, 28
Leu ’

Leu23, 28 ,

AIICZQ LYSZS, 26,
r

Ee{érL err] %g/s[err]

. AARE erkys

L igzsl;]ep‘hbzv
ef.r

YArg[ err]y‘g E{/e[

LYS26 31

23, 28 26, 30, 31
[

Leu , Lys
Glu?®s,
Cha??,

26, 30 28,
, Leu

Lys
LYS25, 26, 30, Leu
LYSZS, 26’ LeuZB, 31’
LYSZS, 26[
Arg?, Lys?,
Leu23, 28, 31’ Glu25' LYSZS, 30’
Leu23, 28, 31’ Lys25, 26, 30,

Leu23, 28, 31’ LYSZS, 26' Aib29]

28, 31
'

3028 Lys? 26 Aib**]hPTHrP(1-
, Lys®*®, Aib?**]hPTHrP(1-

30

, Aib?°] hPTHrP (1-34)NH,;
, Aib®**1hPTHrP(1-34)NH,;

Glu[err]

Leu[err]

(Quferr],

S hPTh P (1-

Leu[err] ,
eggr] 25 Aib
]' Leu[err]

q.Lyeferr],

&P’F’] " Alb
Leuf3er2i’]31, ahoferf ] my:e’]‘err]

1\,[{2’35[%@@ uperel = Lepferel Adlesrd, LySlerr],

I.Jeu23 28



WD 98/ 30590
PCT/ US97/ 22498 -8- [GQu[err], Leu[err], Ahc[err], Lys[err],

Ai bl err] | RBbelal¥eb- 34) N\H err]; [Gu[err], Leu[err], Ahc[err]pc,mjygg,aﬁgs
Lys[err], Aib [err]]hPTH P(l1- 34) NH err]; [Glu[err] Leu[err], AhCferr],
Arg25, Lys[err] Alb [err]]hPTH P(1-34)NH err]; [d u[err], Leu[err],
Ahclerr], Arg[err] Lys[err], 5A|b[err]]hPTHrP(I 34)NH2; [Quferr],
Abc[err], Aib[err], Lys[err] Leu[err] ]ﬁPTHrP(l 34)NH err]; [Quferr],

Ah , AI 2 s) BPT 23 g

Ao AR et g A e e e

Leu[err], A| Eﬁb#rz} Ley Ahe['or ARRBTH S 1-°34) AP hRPTHXP@Lu[ err ],

Leu[err], Alﬁ)qmi, q?iﬁzer rﬂeuzioza Alc| ghed] hEFEr=P( ILy%d,é NH err]; [du] err] ,
b

: 4
ool A el oL S N L PO ho® T

Lﬁu[err] sAnqwmzpmrb[(eneh)NHﬂeh@gleTbﬂingl 34%[’érrniiysm ¥, Leu®® |
phar maceuti cg re e invention al so
f eat ures pepti%%gﬁﬁﬁ??ﬁg% f()r%'{if:23 ALDF At ePYF. rQ uerr],
Lys[err], LeIuéte’ﬂ]nPN-IbPéﬁF]B]&)NHIHr RElu34) Alhiﬁ:é’r rt, A{Iﬁjﬁafger nly,s*G u[err],
Lys[err], A I 3 2I’] Guﬁer 25, beul ., adysl[err],
Aiblerr], Nllg% erri:%?:g%g(ﬁ; F )gyNHt%*i u[err]i‘:1 eu ér rl]g;gzLy;[err]
Ai b[ err]] hPRRS(L BﬂﬁNPl[(érlaﬁ)Nﬁﬁ): er BPUP &Y hip®® #°, Lys®®,
k"yS%e”}}ngﬁﬁlhﬁﬁﬁg{@t@%)mp b 2] zﬂ—leltﬂeam]ia Lmkeﬂr ra} Lyg?e 2 .
e[err err e[err r err
Leu[err], H%} riPPTgﬁg[(ér P]‘l’)NéFU[‘# iGiﬂiys[ElL N ‘1I:q Ex]i Q{J {6
(1-34) NH[ er riib?®’]| BbuHePr( L~ 3@h&Her r Gl b3S Betl’, 2Le1}[,enh1:24 AlAh[bé? r¥,
Nl e[err]] hPTHr Bs, € rry., Cha err rl. err 2
Leu[err] A blﬁé?zrs]]ﬁly%%%lﬁd%@ﬁ%ér# %&? erﬁut ll}%ig’[r ra]CJé@tL?[%éTer]
Lys[err], N=tkrrihaPdefP(l-34)NH err]; [Cha[err]]hPTHrP(1- 34) NH err];
[ Cha[ err jEhPTHr P( 1- H r i d[ eLyslerr],
Leu[err]}l hPTHr P( 1, %gl)fNNhﬁgr]rblm{ E[aéLgoez fjait"ggg %%}%% é)bf‘f II yslgerr]
Leu[ er r] | hPTEp PrpwhRy éﬁrm}ae [GGPé , }YS%.b rgu*® 3oALD™]
éy]S%err} ] hPTMﬂéﬂPSﬂ)MﬂH;;} [ck[agEbf%]r G]].},NthTl'ﬂryl%fi iE}))TNHbéj]HPTH:{ﬁlu[ ]err],
aferr eLr £r4 errl, . I 5 tr];
[@u Cha[er riﬂ) L {erl?jﬁ[u y @I? , 2’Le::}[e P ({I_g%&hﬁg%gfﬁl'
[GQu[err], LauMHy;], Ay} e’rsr,] LENb[zé'r 1t ThPTEY € | - BAPNHhSTHKP (1[-G4a0 e,k |,
Leu[ err] 5olyahfL2] 2s. Abb[ £L{yds] bR Tl B( 1 rr] s[Aarr]
Aiblerr], 3529 %ﬁs[err]j ﬁPﬁrHr Ps(l 34) Nﬁ%@%ﬁlf%g(iﬁ Gelﬁa
Lys[err], Leufe N1e*°]HPTHrP (1-34) fSer Ile,
Met8 Asnlo Leun 23, 28, 31. Hls“, Chals, Glu?? 25, Lyszs, 3o’
Aib**ThPTHrP (1-34)NH,; [Glu®- ?®, Cha®, Lys®®, Leu®® %,
Aib*, N1e'’]hPTHrP (1-34)NH,; [Cha®'?*, Glu®, Lys® *°,
25 Leu?®® 3 Aib?*1hPTHrP(1-34) NH,; [Cha?, Leu?® 2% 3!, @lu?s 2??,
Lys?®, N1e®*']hPTHrP(1-34)NH,; [Cha” '* ] hPTHrP (1-34)NH,;
[Cha’  ® S]hPTHrP(1-34)NH,; [Glu*’, Cha®*, Aib? ?°, Lys?® 3°,
Leu®® *']hPTHrP(1-34)NH,; [Glu?*?), Cha?*, Aib*- ?*, Lys?,
Leu?’ ] hPTHrP(1-34)NH,; [Glu??, Leu?®- 28, Aib? 29,
30 Lys?*]hPTHrP(1-34)NH,; [Aib?**]hPTHrP(1-34)NH,; [Glu?** %,
Cha**, Lys?, Leu®® *, Aib?, N1le’®]hPTHrP(1-34)NH,; [Glu** %,
Cha??, Lys?® 3%, Aib?®, Leu®]hPTHrP(1-34)NH,; [Glu** ?°, Leu®:
8.3 Lys?, Aib*®’ *JhPTHrP(1-34)NH,; [Glu®* 2%, Leu®: 2. 3,
Lys?®, Aib*’]hPTHrP(1-34)NH,; [Glu®* ?°, Leu?: 20 21 p4p?6 29,
35 Lys®°] hPTHrP(1-34)NH,; [Glu*?* ?*, Cha?}, Lys?®% 3°, Leu?® 3%,
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Aib[err hPTHr P(1-34)NH err]; (Qu[err], Cha[err], Lys[e | r]
hPTHr P( -%253"?\34[ err]; [@Uerr], Cha[err], LyS[err], Leu[ gﬁhus'g‘}/%a%
Aib[err]]hPTH P(1 -34)NH err]; or [Leu[err], Aib[err]]hPTH(1-34)NH err]; or
a pharmaceutically acceptable salt thereof. 5 Wth the exception of
the N-terminal amno acid, all abbrewvi&ions (e.g. Ala or Alerr]) of amno
acids in this disclosure stand for the structure of -NH-CH(R) CO, wherein
Ris a si dRAhi APTHERALadf MY Haci &G16*g >, &R or LYY For the N-ter i nal

\%n no acnR hidPphpbhreviathpnn); stends- fzt)(r]I dﬂfl?twgiwe qteﬁga CH(Q} CONV
erein 3 an am agi rr P, a a,
Amp, Pal, é@% ]thﬁﬁﬁg? Sé%ﬁ@ aBbr gg?‘é%l'o b ﬁl}‘%{%&%ﬁ% - ani no
aci ds: [qma}rr(laaewphd:é]ylyaaaaepeabmer salci heerfeerdfr.], [err]-di am nopr opi oni ¢
aci d, clohexyla n 1 | i.ne o) , .

[err] (§ pyri di nyl Q a%hr?e%)%cg \n%aln%rplo%% Iﬁe&%ﬁﬁ%r%o%#‘ﬁg 38?‘8 and a-
am noi sobuddk |%:b1’a7é¢’ﬂla*¢e@@%ct(¢vgl yAl‘ﬂhétr F\s) nefinemposacifds an &Miso aci d

sel ected fgpseideuss ovPand fofMRA- krroveheRrr eganggadiopr)l icpaci d; 20
1- am no- 1- ¢ycl oput anecar box%I I c. agid; 1 am nQ- 1- cycl opent anecar boxyl I C

aci d: 1- anfHRERIR\R| bReafilar 5BRyR ffa@Pgamino acid '(e.g., CH; for

1- am no- 1-xY%) ohemﬁnenarmwkmﬁznam dmlhoaﬁlcﬁ.@- 1-t:¢13éC|aQﬁ;Q:teaaI‘l%h’:hrdey| ic

aci d; arad 25ar} se 1ﬂcyc{:gno anecar, bo #'13 Ci he ab ve. formul a,
hydroxyal ky ytp %ny ’éF u|'r gﬁd %3 t' yl%o?\t ain 1-4
hydr oxy su@sdq&tcumms of\ 8p, a@iﬁp stadds fGeNalC-®IE[,e|Da]p Btazrplm.of -C=0
E[err] incigde, t n I t ggdet a op| onyl. A
pepti de of 'E% sp%ﬁve%lleongligg %Fb g%engthee %E)er ein le%glr?gt rmat e.g.,

[ Ahc[ er r] | fPARYing) XHRBERP, 2GiLER :t hé- (2 naphthyl)alanme.

norleucine, o,f-diaminopropionic acid, cyclohexylalanine,

15 norvaline, 4-amino-phenylalanine, (- (3-pyridinyl)alanine,
l-amino-1l-cyclo-hexanecarboxylic acid, and o-
aminoisobutyric acid, respectively. What is meant by Acc

. is an amino acid selected from the group of l-amino-1-
cyclopropanecarboxylic acid;

20 1l-amino-l-cyclobutanecarboxylic acid;
l-amino-1-cyclopentanecarboxylic acid;
l-amino-1l-cyclohexanecarboxylic acid;
l-amino-1l-cycloheptanecarboxylic acid;
l-amino-1l-cyclooctanecarboxylic acid; and

25 l-amino-l-cyclononanecarboxylic acid. In the above
formula, hydroxyalkyl, hydroxyphenyl-alkyl, and
hydroxynaphthylalkyl may contain 1-4 hydroxy
substituents. Also, COE, stands for -C=0'E,. Examples of
-C=0"E,; include, but are not limited to, acetyl and

30 phenylpropionyl.

A peptide of this invention is also denoted herein
by another format, e.g., [Ahc’ *]hPTH(1-34)NH,, with the
substituted amino acids from the natural sequence placed
between the second set of brackets (e.g., Ahc’ for Leu’,

35 and Ahc'* for Leu'* in hPTH). The abbreviation hPTH stands



substituted am no acids fromthe natural sequence placed between the second
set of brackets (e.g., Ahc[err] for Leu[err], 35 and Ahc[err] for Leu[err]
i n hPTH) ;ﬁ éBbreV|at|on hPTH st ands WD 98/ 30590 PCT/US97/22498
PCT/USQ‘YE) é - 10 - for human PTH, hPTHrP for human PTH P, rPTH for rat
PTH, and bPTH for bovi ne PTH. The nunbers between the parentheses refer to
the nunber of am no acids present in thg peptide (e.g., hPTH(1-34) is am no
acids 1 through 34 5 of the pepti de séq dnce for human PTH) The sequences

f hPTH( 1- T T RTH I
NIO;SEI’ISOI(’I %?;) alrmo agece Téﬂ%gg(olﬁg’g‘%an [P;}Hr ésfrjp oiraf‘r A I gﬁ?
PTH( 1- 34) NHZrich i REH efsm H;mVltU@e RTH .er hsusrugibetse kp?e?ptaa:‘e 'ah;a am dat ed
PTH(1-34), Qi tdif kbt Nerrdiand, dias iy frrfb' lthiGid m{@%& t he
stinmu e gr bon

pepti des of the I nvention Is capable 0 atlng t eina

subj ect (i.d&he PapfiAs Cuch adPFHdmeat pds emipo adigls ik ﬁfsrm&‘ll n the

treat ment SOfOﬂJS:tlffé)FiSH};Qﬁldé mm fIAC s \men 15 mém & al one or
concurrently

|re or e hos onate and
cal ci t oni n. fﬁ?et%é]%{] i #grg (Hv' i'oﬁ%ég% 5 r'oxﬂ & |'7‘F¥“I Y34 or m of
phar maceut i cedtd )lnaacmbtzabll\ammn Beanplles (ﬁecsapmlmsali :SLdnclupEs) but are

o ol o Lo B dIRMAR IOIRE VLR pREIRNLE) B Mnd fadhos ATEM Cengact

ascor bi'é, succinic anesu

t ol uenesul f&ﬂt@ﬁ@rn%rﬁfl é}@clnﬁpthdﬁ)r@ammd@&edb (@I (1434dr ot orhe aci d,

sul furiciacigbhed HHREPHYL G L) aam dQQ-.'éﬂrFﬁHu% acids (e.g., tannic 25
aci d, carboxynet hyl cel I'ul ose, polglactlc €o| ycolic, or copol{ners of

pol yl acti c- gl ycol i cB2ERASY. thAt RePapessi ehl e%$%%?¥%%nah§uﬁﬁpéb & peptide
of this inverft |mm@@mwwmﬁldw b@meritnalad SubFlddter (iSubst ance
(e.g., rmgn%?am‘%n cal b%n%}sea h%(%nta%s%atlren%) . Thus, it is useful in
the treatment of osteoporosis and bone fractures when
15 administered alone or concurrently with antiresorptive
therapy, e.g., bisphosphonates and calcitonin.

The peptides of this invention can be provided in
the form of pharmaceutically acceptable salts. Examples
of such salts include, but are not limited to, those

20 formed with organic acids (e.g., acetic, lactic, maleic,
citric, malic, ascorbie, succinic, benzoic,
methanesulfonic, toluenesulfonic, or pamoic acid),
inorganic acids (e.g., hydrochloric acid, sulfuric acid,
or phosphoric acid), and polymeric acids (e.g., tannic

25 acid, carboxymethyl cellulose, polylactic, polyglycolic,
or copolymers of polylactic-glycolic acids).

A therapeutically effective amount of a peptide of
this invention and a pharmaceutically acceptable carrier
substance (e.g., magnesium carbonate, lactose, or a

30 phospholipid with which the therapeutic compound can form
a micelle) together form a therapeutic composition (e.g.,
a pill, tablet, capsule, or liquid) for administration
(e.g., orally, intravenously, transdermally, pulmonarily,
vaginally, subcutaneously, nasally, iontophoretically, or

35 by intratracheally) to a subject. The pill, tablet, or



30 phospholipid with which the therapeutic conpound can forma mcelle)

together forma therapeutic conposition (e.g., a pill, tabl et l e, or
i qui d) VO¥98303Pni stration (e.g., orally, intravenously, ?FJH%%@?%& Y,

pul nonarily, vaginally, subcutaneously, nasally, iontophoretically, or 35
by intratracheally) to a subject. The pill, tablet, or WO 98/ 30590
PCT/ US97/ 22498 - 11 - capsule that is-tpibe adm nistered orally can be
coated with a substance for protecting the active conposition fromthe
gastric acicersuletelkatndé enzpaesdininihtesednachllprcanpeei odavédti ne

sufficient y0.@l4 o¥pschQce P Sng89é8€§ﬁ§thQtQc%b@ei?@ﬁ%ogggggﬁine' The

t her apeutic_conposition can al so be [ n thé form of a bi odegra e or
nonbi odegr MM ERRSTAPHEHC r 2F EAsRT | SRRAFRENBY EBEYBEBCcLRaRBBUS oOr

i nt ranuscul ggorddh NESET At pOPioSEEE Lifle, sWEBicPahents 317dw. 949¢and 10
4,767,628 and PCT nti nugus adm ni stration

i cation_ No. WO 94ii5587. Co
can al so>b&3thi eV %§Fﬁ% AP npREnBERLL SREERELRRal POFD (e. g.
| NFUSAI D] erthemamet ic Thempodgivishr abhoalsanbal $n bke cOodmcbEda
intermtte | ngle | L 1] i on, nt ;N ly at a |l ow 15
dose, e4}TE%%% éﬁ%%%biél%%s%gﬁ%%%%%§%$§%#9$h%8%5§gn% gg%%% Fde of the
present i nEsRmehatbent fent sugcuhanabuseonehntvavdsdiusauses or di sorders

varies depefuthi\g; $0PR:1 58, Mespe! &f gadmyNEst patbRPs $h9789613ndplhe body
wei ght of the_ s and the condition of the 20 subject to be treated,

ubj ect , ] 2
and uItFHBI%d@SQA%?8b%n@e%¢3eﬁPB§lFﬂE19Ft@ﬂdiWB PhYLPeBANn or veterinarian
Al so cont enpbret tusi s hadmiNEsSeapPeonf chii a1k8VBat heRikged BEPhidancovered

by the ab ic,f la f ' ti ' 25
atsoc ai d SITAAEIPET cHEy > RhCbORS BPBRL G (e PRECOR: BUMEde odier osi <

or fracturexdministration can also be conducted intermittently,
e.g., single daily injection, or continuously at a low
15 dose, e.g., sustained release formulation.

The dose of a peptide of the present invention for
treating the above-mentioned diseases or disordexs varies
depending upon the manner of administration, the age and
the body weight of the subject, and the condition of the

20 subject to be treated, and ultimately will be decided by
the attending physician or veterinarian.

Also contemplated within the scope of this
invention is a peptide covered by the above generic
formula for use in treating diseases or disorders

25 associated with deficiency in bone growth or the like,
e.g., osteoporosis or fractures.

Other features and advantages of the present
invention will be apparent from the detailed description
and from the claims.

30 Detailed Description of the Invention
Based on the description herein, the present

invention can be utilized to its fullest extent. The
following specific examples are to be construed as merely
illustrative, and not limitative of the remainder of the



O her features and advantages of the present invention will be apparent
fromthe detail ed description and fromthe clains. 30 Det ai I ed
Description of the Invention Based on the description herein, the present
i nventi ongedbefiRod/ti1ized to its fullest extent. The foll O%E?nﬁ%“;g o
exanples are to %e construed as nerely illustrative, and not imtative of
t he remai nder of the WO 98/ 30590

PCT/ US97/ 22498 - 12 - disclosure in anylday whatsoever. Further, al
publications cited herein are incorporated by reference. Structure
PTH(1- 34) aRHSPIPFPYE- 37) 2RYvWaKeWh2EEREVEEd t EUSTRE¥e @48 anphophilic

al pha hel i cghbTOBBE D6nsSeeted. BereBar ded, iftorboraBedC BgMre f3%ehtet (1992).
The first a- helix is formed between amino acid residues 4 through 13,

while the second a-helix is formed between am no acid residues 21 through
29. Sone peptryesupné this invention 10 contain the substitution of Acc for

one or nore residu -t € [ 34) and
PTHrP(1-34), e.qg., %E%\fl taHn %%feﬁ%%%]ﬁlsﬁ@%%\g% lﬁé;%}f; %ﬁg(&%rt hc[ err]
and Ahc[ & rhavgetbva emehepbéhdcaapphpxhedjrphedpgains.” See, Thg.pepti des

of the invepii@an¢ascbaiprepabedehy standand gabiod)phageesynthesis. See,
e.g., Ste Solid Phase Synthesis (Pierce Chemcal Co., 2d

ma#% J. M, et aI.b I Pha 3
ed. 1984). HEbiXolPolPAGeRsPEtYEER: ABRPEN a6R IhERSEEUEEe fAr Ehrodghedd),
Lys[err], Avhi®ertheAbebend] k-hETlikl 134 NHmedr betwee20 apiiepareda O her
pepti des of _the.inyventi be.prepared_i anal.ogous manner .by a
pept [ des of LDeshOYeaL! DAGALDSoP" eBahETpkRe3RLATTeOURYS TANIEL 121
1- [ N-t erlt0- Boonkgtar bbayubstathiticoyofohggafior caeboxy moreaciesiBaesAhc- OH)
was synt hesyzed; ASof-0hba¥sthese two regions of PTH(1-34) and

PTHrP(1-34), e.g., Ahc’ and Ahc!! within the first o-helix

or Ahc?’ and Ahc? within the second o-helix.

Synthesis

15 The peptides of the invention can be prepared by
standard sclid phase synthesis. See, e.g., Stewart, -
J.M., et al., Solid Phase Synthesis (Pierce Chemical Co.,
2d ed. 1984). The following is a description of how
{G1lu??- *%, Leu®* ?*, Lys?¢ *®, Aib®*’, Ahc*’]hPTH(1-34)NH, was

20 prepared. Other peptides of the invention can be
prepared in an analogous manner by a person of ordinary
skill in the art.

1- [N-tert-Butoxycarbonyl-amino] -1-cyclohexane-
carboxylic acid(Boc-Ahc-0OH) was synthesized as follows:

25 19.1 g (0.133 mol) of l-amino-1-
cyclohexanecarboxylic acid (Acros Organics, Fisher
Scientific, Pittsburgh, PA) was dissolved in 200 ml of
dioxane and 100 ml of water. To it was added 67 mg of 2N
NaOH. The solution was cooled in an ice-water bath.

30 32.0 g {0.147 mol) of di-tert-butyl-dicarbonate was added
to this solution. The reaction mixture was stirred
overnight at room temperature. Dioxane was then removed
under reduced pressure. 200 ml of ethyl acetate was



25 19.1 g (0.133 nol) of 1-am no-1- cycl ohexanecarboxylic acid
(Acros Organics, Fisher Scientific, Pittsburgh, PA) was dissolved in 200 n
of dioxane and 100 m of water. To it was added 67 ng of 2N NaOH. The
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was cool e@o%&@n dhcsnwﬁasrvlqgegfg baEd PHR {egﬁeo%q%%ua el \&%}e%dj ust ed

to about y ad e organi c er Was se e aqueous
| ayer vvaﬁ”aé‘ktﬁl%l:\t”éﬁe@ fPt Abeuky P hyepdddng14N BE3 -ni IT eT\R?Q?FI}ahI c layers

wer e Comdﬁ,@ra}?ﬂs“@éﬁﬁéa%ﬂh waher a e&u},SQagie)r Wil eeke@geicnhydr ous
MySO eér],. tereg and conggntratﬁ r)) ness under reduced“&ressure
The regi NAFMSERELr §EELRFF2 18 {7'1& ace &'f’ePﬁ@)?‘é‘ﬁ@s Ayersy WHi*% pure
product vesmiinedtandedasB8&o yu.ehdwa@elrer(protLS@tﬁd)ACdxalaﬂd”l(b\mh ds can be
The pept 14 7RE0E8 AHELF, BN SRE SO Sho BRELR"EE Fipeerty. o
nmodel 430Mgept Feducsdsprenssireer \%%@hrewasiuﬁomaﬂ e‘@CLrO’SGt@]do@@Iderat ed Boc-

chem stry. h t hegl C I nt. J.
oo g BT RIS RSR R 9.3 SR B nd L)

r esi n1Ppeiimed - Be?ﬁﬁnh’leéﬂ) wPE eE‘hBr§GS§tthiuﬁC(5’n RN ¢Fidfol / g was

used. Thecz® B@CpaepageacnﬁSahBa@bensgoﬁé, manheanes, aCheriewa d3i ochem ,
LaJdol | a, CA wer e u g W, t h he f%!slowi ng side chain protection:

Boc- Al a- &% ’é&%rﬁrﬁg‘? ) 1BHE §o<“f1 p(OcHex) - OH, Boc- @ u( OcHex) - OH,
Boc- Hi s( DNP) - OH, TBec-pégitid4 vBoz-synthesized on an Applied

Biosystems (Foster City, CA)}) model 430A peptide

15 synthesizer which was modified to do accelerated Boc-
chemistry solid phase peptide synthesis. See Schnoize,
et al., Int. J. Peptide Protein Res., 90:180 (1992). 4-
Methylbenz-hydrylamine (MBHA) resin (Peninsula, Belmont,
CA) with the substitution of 0.93 mmol/g was used. The

20 Boc amino acids (Bachem, CA, Torrance, CA; Nova Biochem.,
Ladolla, CA) were used with the following side chain
protection: Boc-Ala-OH, Boc-Arg(Tos)-OH, Boc-Asp (OcHex) -
OH, Boc-Glu(OcHex)-OH, Boc-His(DNP)-OH, Boc-Val-OH, Boc-
Leu-0OH, Boc-Gly-OH, Boc-Gln-OH, Boc-Ile-OH, Boc-

25 Lys(2ClZz)-0OH, Boc-Ahc-OH, Boc-Thr(Bzl)-OH, Boc-Ser{Bzl) -
OH; and Boc-Aib-OH. The synthesis was carried out on a
0.14 mmol scale. The Boc groups were removed by
treatment with 100% TFA for 2 x 1 min. Boc amino acids
(2.5 mmol) were pre-activated with HBTU (2.0 mmol) and

30 DIEA (1.0 mL) in 4 wl of DMF and were coupled without
prior neutralization of the peptide-resin TFA salt.
Coupling times were S min except for the Boc-Aib-OH, and
its following residue Boc-Leu-OH, and Boc-Ahc-OH, and its
following residue Boc-Lys({2Clz)-OH, wherein the coupling

35 times for these four residues were 2 hrs.



Leu-OH, Boc-dy-OH Boc-d n-0OH Boc-11e-0OH Boc- 25 Lys(2d Z)-0OH,

Boc- Ahc- OH, Boc-Thr(Bzl)-0OH, Boc-Ser(Bzl)- OH and Boc-Ai b-COH The
synthesis was carried out on a 0.14 nmol scale. The Boc groups were renoved
by treatnment with 100% TFA for 2 x 1 mn. Boc am no aci ds (gefussihiogner e
pre-acti VEPE&%Ph HBTU (2.0 nmmol) and 30 DIEA (1.0 nL) in 4 nL of DMF and
were coupled without prior neutralization of the peptide-resin TFA salt.
Coupling tinmes were 5 mn except for. the Boc-Aib-OH, and its foll ow ng

resi due Boc-Leu-OH, and Boc-Ahc-CH, and its follow ng residue

Boc- Lys(2d z) - OH, avhehei anéihefceupl hegeddlly &S they gdirsiid @Haiesi dues
were 2 hrg V\D98/30':‘£90 re th . 203

PCT/ US97/ 23%9& &S 1Ty Was\TTRRLEq, 4t 13 Pk EHBR yObt 2PFie peptide chain, the
resi n was mereatpssdarianal Aldl UtD IBA oin 205 nBox apt vedhambh/ | 68 bemAvien DVF
for 2 x 3 ' t e Hihs.Si;d L.0:

N-term na?’ O?Ng %r%ﬁ?v\bxgls %}%e%sé%% %a%lgéa#n%ﬁtkweteﬁmﬁgg% %Eﬁ for 2 x
2 min. Therpspt was yFhespraried Pepirertrent nvibd Wa8khedFHi £ArDRFxand DCM
and driedoupgdey, rm%ﬁﬁi@wfdeﬁf&éw@a Stsavagervgsndons by stirring
the peptide-resjn in 10 nlL o({9 HE cont a nl(%? 1 nL of anisqle and 10

di t hi ot hr ¥RS&RY Yty PME iR LT 301 951 e nundeE RRCUFEROPERSBYYS {1 ow of
nit rogen.( THee frieﬁ'].;jltﬂ.ewsagmw?i ddbrid kﬁj“rh@ti:{'ﬁiﬁg19h€1_ﬁ>epﬁddéxi:‘é§§.hed with
AN HOAc (6._x.310 ) tide. mxture 1 p the aqueous extract was
purified it &Joré\%rosfe - phégos aplr%]pxg% ai ir{\/]g %?g%nb?%ggu?%aw l'iquid

chr omat @ gdaind otiPie@)taisi (R anglevat s@UC phas e75ymas| er HF €her remogkdmm ( Nest
G oup, So or , ] col ; Shat | | |, meqr I ent
CL0% 10 5% o oo uiT o SUr 130 me e Soaded e dnda pACR! ofhel

(Sol ution (& ¥ GuREqEsslexERCtRE urith BYFeRet bfi ¥riPe™®d-cont ai ni ng
0.1% of TFA). Fragti papthaeemesi-heet etk aMé aqueous extract was

purified on a reversed-phase preparative high pressure

15 liquid chromatography (HPLC) using a reversed phase
Vydac™ C,, column (Nest Group, Southborough, MA). The
column was eluted with a linear gradient (10% to 45% of
solution B over 130 min.) at a flow rate of 10 mL/min
(Solution A = 0.1% agqueous TFA; Solution B = acetonitrile

20 containing 0.1% of TFA). Fractions were collected and
checked on analytical HPLC. Those containing pure
product were combined and lyophilized to dryness. 85 mg
of a2 white sclid was obtained. Purity was >99% based on
analytical HPLC analysis. Electro-spray mass

25 spectrometer anaiysis gave the molecular weight at 3972.4
(in agreement with the calculated molecular weight of
3972.7).

The synthesis and purification of [Cha??, Leu?* 2¢

3, @lu®®, Lys?® %, Ahc?’, Aib*]hPTHrP(1-34)NH, was carried

30 out in the same manner as the above synthesis of [Glu?? 2%,
Leu®- 28, Lys?% 3°, Ajib?®, Ahc**]1hPTHrP(1-34)NH,. The
protected amino acid Boc-Cha-OH was purchased from
Bachéﬁ;.CA. The purity of the final product was >99%,
and the electron-spray mass spectrometer gave the



checked on anal ytical HPLC. Those containing pure product were conbi ned and
| yophiltzed to dryness. 85 ng of a white solid was obtained. Purity was
>99% based on anal ytical HPLC anal ysis. Electro-spray mass 25 spectroneter
anal ysi s W@9#3e58@ nol ecul ar wei ght at 3972.4 (in agreenment RFTAISPHE2498

cal cul ated nol ecul ar wei ght of 3972.7). The synthesis and purification of
[Chal[err], Leu[err], , GQuferr], Lys[egg]L Ahclerr], '
Aib[err]] hPTH P(1-34)NH2 was carried 30 out in the same manner as the above

synt hesi s mfl dcd e rfdighie W €rido7Lysleribuibkl®ddliecular weight
Ahc[err] ] hPTH P(1- 34) Nl—ierr]. The protected am no acid Boc-Cha-%—l was

purchasedlﬁraﬁ em CA The purity of the final product was >99% and
t he el ectron-sprayhaagalipaameedsoyr gy atibreviat{dbR8/ 38880above

wel ght 1 5 360a ) To L Bl EeE s B bRy BB aRE e s e P Rbove are as
fol | ows$ Bydriagen -Hingt ks cafmohgt, feEmydr, Xamy dooyemndhydri dégl Fm f or
2 ai i ronasr Y rtes Far €0 ZFPE‘?*#E#%% 2Bt xR ety
for 2- (I HiBEhAMmS et faxyanide 1 BCY. forr dashipromeskiama, HBTU for
hexaf | uor ephasplEdrezotd Bfed Dr1 oyl soR1 OpY/, 8t Rekadimee hyiONG-cki Jr acetic
acid, TFA for trifluaroacetic | G Z for 2-chl qrobenzyl oxycar bonyl, and
OCcHex for h&-’ﬁ%‘ﬁﬁ%&%@éﬁ%ﬁ%u@’ﬁ{fg{‘ugﬁfsdhﬁéPPfO&Hﬁ@ﬁ?ﬂ@ﬂrﬁYmmgm H&¥%bove
gener i t0f diomlscetaic echd | dtiediop théflueecanendcohdikk dclzrfenal am no
R L T e
Hydr oxyal kyl grougbe eupstituent]s RidrolyB:k9f, thayahtyve penertisched using
reductive formula may be attached to the free amine of the N-
terminal amino acid by standard methods known in the art.
15 For example, alkyl groups, e.g., C,,, alkyl, may be
attached using reductive alkylation. Hydroxyalkyl
groups, e.dg.,
C,.;» hydroxyalkyl, may also be attached using reductive
alkylation wherein the free hydroxy group is protected
20 with a t-butyl ester. Acyl groups, e.g., COE,, may be
attached by coupling the free acid, e.g., E;COOH, to the
free amine of the N-terminal amino acid by mixing the
completed resin with 3 molar equivalents of both the free
acid and diisopreopylcarbodiimide in methylene chloride
25 for one hour and cycling the resulting resin through
steps (a) to (f) in the above wash program. If the free
acid contains a free hydroxy group, e.g., p-
hydroxyphenylpropionic acid, then the coupling should be
performed with an additional 3 molar equivalents of HOBT.
30 Other peptides of this invention can be prepared
in an analogous manner by a person of ordinary skill in
the art.

Functional Assays
A. Binding to PTH Receptor



al kyl ati on wherein the free hydroxy group is protected 20 with a t-butyl
ester. Acyl groups, e.g., COE[err], may be attached by coupling the free .
acid, e.g., E[err]COOH, to the free amine of the NNterm nal am no acid by
m xing th % ed resin with 3 nolar equival ents of both cid
and dii soggtgpy é’g‘? bodiimde in methyleng chloride 25 for one ousﬁﬁ’g%ag
cycling the resulting resin through steps (a) to (f) in the above wash

program |f the frm&qx&pﬂ:m&ﬁ adhx e fiveedyibroxye s otdst €d Of ox P-

hydr oxyph opj o a ep t o l'in rformed with an
addltlonalgl% #6 %’ gﬁg?’vg Rt"gg P Hgﬁ? ng regepgorcfﬁgﬁ glgptolndes of this
i nvention 8adSb2 phepanedsinoanranmhogelisshmnn8rOBy2acpdison of ordinary

Kill t t WO
38; 305'98 PEm&FicahuRghbobah cAssays1fecBisd! “ﬂoERv‘ﬂyU 22%§c- 16 . The

pepti de$ ofHTBe8PhvearpomadBEaipnedt én RBMIt RERP &Eﬁﬂ#ﬂy(ﬁéghﬁndsﬁo the PTH

receptor presest no;SggﬁpZe&aﬁeaa Q&Eﬁ05a%ceaea@ebb$hne8@€§u% el
(American ﬁ&ﬁe |ture Cbllectlon o ROCKkVI | HD ﬁ% 5 #HJB 85) wer e
mai nt ai ned®i? &AW I6UBAMERFUAT( &7 gfailst. EB‘EJ LifP) ASHRSPERER &F with 10%

fetal bovipe ceyum (FHBRS) drice Zneddxgh utaesni ctearade B 7¢esry Ghhe@ buntduti ed

at nosphere 5% ] h S ge very three or four
days, and ?%% ﬁgigé%ecég ﬁgeguggg;yukﬁgkeg§§§0ng§p§V%ization.
SaOS-ZI@eItsmmelﬁatmpai ned for four days until they had reached

confl uence. The megigsmyasyephALed il i HATEE 40 £ JA40 el ym and

i ncubated for 2 hrs at roon1te erature x 10[err
nono- [ er r | FRRY eP@dr Feaghedy Fpaf PF§Ce[er%%F)PeGP?H(Ya§4fﬁHPéFFF in the
presence ofiehCogPEBENGnpRPMIdes40f melgunnyatt i asudk tedr ifors 2cereent rati ons

at room temperature with 10 x 10* cpm mono-!?°I- [Nle®: ¢,

15 Tyr**(3-'?*I)] DbPTH(1-34)NH, in the presence of a competing
peptides of the invention at various concentrations
between 10°*M to 10* M. The cells were washed four times
with ice-cold PBS and lysed with 0.1 M NaOH, and the
radiocactivity associated with the cells was counted in a

20 scintillation counter. Synthesis of mono-!?°I- [Nle®-!8,
Tyr®*(3-**°I)] bPTH(1-34)NH, was carried out as described in
Goldman, M.E., et al., Endocrinol., 123:1468 (1988).

The binding assay was conducted with various
peptides of the invention, and the Kd value (half maximal

25 inhibition of binding of mono-!**I-[Nle® %, Tyxr® (3-
2571)1bPTH (1-34)NH,) for each peptide was calculated.

As shown in Table I, all of the tested peptides
had a high binding affinity for the PTH receptor on the
Sa05-2 cell.

30 B. Stimulation of Adenylate Cyclase Activity
The ability of the peptides of the invention to
induce a biological response in Sa0S-2 cells were
measured. More specifically, any stimulation of the
adenylate cyclase was determined by measuring the level
35 of synthesis of cAMP (adenosine 3’,5’-monophosphate) as
described previously in Rodan, et al., J. Clin. Invest.



between 10[err]Mto 10[err]M The cells were washed four tines with
ice-cold PBS'and lysed with 0.1 M NaCOH, and the radioactivity associ at ed
with the cells was counted in a 20 scintillation counter. Synthesis of
mono- [ er Q989588 err], Tyr[err](3-[err]l) DbPTH(1-34)NH2 R4SI/ESR7/22488 out
as described in Goldman, ME., et al- 17Erdocrinol., 123:1468 (1988). The

bi ndi ng assay was conducted with various peptides of the invention, and the
Kd val ue TRal L5aaxi{A18325 anghiQeiltdmem ofethiaddi nErdoemimelerr]- Ne[err],

Tyr[err] (@;.z[@&tsbl )(hléBEP* (13l loadsw qach pept isle yapygal cul ated. As

shown in T teste peptldes ad a high b|nd|ng affinity
for the P?ilaf'@éeff?&e &Hcﬂ"ﬁ?@tml q'l: B{1 Hepoenie d?of® Adenyl at e

?/c: ase AC&VWanl Tmewatmnlgltayld)multc{l@mptgdmforof NAe 1rmvﬁfé$1onrfnéaululﬂduce a
i ol ogi 9] S .Wer e neasur r.e, S |ca y, any
stinmula ﬁ g? ?hgggdgn;%%?e dgl a%sé”e({ EIt""dlec"[ etﬂétﬁ/b flhe | evel
35 of synshésn sodltgamP (@@mmsﬂm@iefsbmopﬁb)sphdﬁﬁ taslljaswerbed

previ ousl d et . 059,

PCT/ US97/ §5§§§88 ?ﬂth 2 ?AM IB&X @ d%%ﬁha/rrla I? n ocrl nol .

123: 1468 @EQSQPPl@onMQJeﬁ{n wﬂufrprzzllﬁméwsr pﬂ@ée"shmere i ncubat ed
with 0.5 epth@'es[ b&rrthdél qd@@ﬂtqdﬁﬁve&eﬂddaaa .t Newn Enge dngn Neg | ear

Bost di 5 37 C f hed t ith
ok s bR e it sy MRS T el | o v
treated watdit i Iolfl\/bl J2 %mm;dlrrﬂmﬂqdc-etam faiel IChoe, (Stgmapuss, MJ in
f1osh TROLAMLOr b Bdla i WP AeRlISSR Rl diE Loanty o, nprg added to

the nediumto 10|ncub e for e reaction vvassoped t he

addi ti on &PHL. 2 cRME wals drssdadiad Bicitdhe T - Sy, CISFOT“ELWEEIPM)‘;
foll oned RytsRRP!(@aN®d,aldtzatii On W14, A1, Biochem. 58, 541).

15 The radicactivity was counted in a scintillation counter
(Ligquid Scintillation Counter 2200CA, PACKARD, Downers
Grove, IL).

The respective EC,, values (half maximal
stimulation of adenylate cyclase) for the tested peptides

20 were calculated and shown in Table I. All tested
peptides were found to be potent stimulators of adenylate
cyclase activity, which is a biochemical pathway
indicative as a proximal signal for ostecoblast

proliferation (e.g., bone growth).



KOH. cAMP was isolated by the two-colum chromat ographi ¢ nethod (Sal non, et
al ., 1974, Anal. Biochem 58, 541). 15 The radioactivity was counted in: a.
scintillation counter (Liquid Scintillation Counter 2200CA, PACKARD,

Downers G The respective EC50 val ues (half maxi nmal dagbg}y/zg dgon of
adenyl at e cyc ase for the tested peptisges 20 were cal cul ate & in
Table 1. tested peptides were founciL to be potent stinulators of

adenyl at e cycl ase activity, which is a biochem cal pathway indicative as a
proxi mal signal for osteoblast prolitggatien (e.g., bone growth). WO
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PCT/ US97/ 42498 - KduM) | EC.. (M) Kd
(,uM ihlerrl "

Ahc[err] hF o200 | 3.734G uferr],
Ahclerr], A Nt

0. 070 fo1un - 8“?”5 LYS" (’GF*TJ‘F el rj‘b”L"éﬂF%‘i“rj’“EvsLerr , Pe[err], 39

Ai b[ er r] § HPEHRPG 1L§.x4‘) NH[ Sy E] 7, Ahc”, A;b”)hPTH:QuZ?’aQNH, wzp- O (G ygerry,
Leu[err], Lys[ﬁ” het-errhiF SN 0. 230
20 [ Cha[ err ]Glu’LéLf[ evqu]’ & a mfse‘r m]m"’l@;ly[Pelr -T“]’“Hz AhC[ err] | o230 20

Al b[ err]) HPTH, HLEr, 2. 30 M (.00 GIul er

Leu% err}) —E fsr 34) yc JAIEI L?s Alb gr rfj\b 3 f134)'££’\ NH-I[ er(r%? L.O H 0. 006

0.5 [Au] errc]n;" Eem[me‘r 1‘]“ w:’b[rerls’r ]“ Al_ys[xmm’}l Ahﬂ er r] h Pildos P( 1- 34)yN\NH effr ] ;
5 10 | GIHLST LT, LERLET L] 1 £yl Loy bn o L g,

Anhc[ er r]] HELEE BT 44) NH' et 2 L AhcPerr]
Leu[errl9 chh[ erxre]w =-Lys[\ﬂsr‘f=] LyAa‘tr [reEn hdrR¥B k- By dr, 34) NI‘-I[ err] 2

0.3 [Au] reqLerr L oo T T ] AT ErT TP THr PS4,

0.5 [Cha[ 4t P ficler ¢y ‘e&ur H‘*f “'*’L‘jé’r‘%r r] leulerr]. Aib[err]] hPTh P(1{34) NH
0.4 O her Eﬁb@ﬂwentn,ss 15Ahe Aib”hPTHIP(1-34)NH, It is to be understoodoghat whi | e
t he i nventfrom—tras—been_gescr et T con et Tom wr it the—detpi-ted-

descri pti dodSPhdfedie™ ‘t”’n’é’i“‘t MY PR description ds i ntended £b
illustrate and not Iimt the scope of the invention, which is defined by
the scope of the appended 20 clainms. O her aspects, advantages, and

nodi fications are Other Embodiments

15 It is to be understood that while the invention
has been described in conjunction with the detailed
description thereof, that the foregoing description is
intended to illustrate and not limit the scope of the
invention, which is defined by the scope of the appended

20 claims. Other aspects, advantages, and modifications are
within the claims.



within the clains. WD 98/ 30590

PCT/ US97/ 22498 - 19 - What is clainmed is: 1. A peptide of the formula:
[err] 10 wherein Alerr] is Ser, Ala, or Dap; Alerr] is Ser, Thr, or Aib;
Alerr] i VQ8§3058pe, |le, Cha, [err]-Nal, Trp, Pal, Acc, PhP@U§IR24%8e, in
which X is OH a halogen, or CH3; 15 A7 is Leu, Ne, Ile, Cha,
[err]-Nal, Trp, Pal, Acc, Phe, or p-X-Phe in which X is OH a hal ogen, or
CHerr]; A[err] is Met, Nva, Leu, Val; tPe; Cha, Acc, or Ne; Alerr]is Leu,
Nle, Ile, [err- fb n grgé Pal, Acc, Phe or p-X-Phe in which Xis OH a
hal ogen, or ;+3pc+atme Al2 is (Hy, Acc, or Aib; Alerr] is Leu, Ne,
Ile, Cha, [err]-Nal}l.Trp, patiddcof Phe, formpdX-:Phe in which Xis OH a
hal ogen, or CHerr]; Alerr] is Ser, Asn, Ala, or Aib; Alerr] is Ser, Thr,
or Aib; 25 R, Alerr] is Met, Nva, Leu, Val, Ile, Ne, Acc, Cha, or
Aib; Aerr] |s\G|u or Aib; Alerr] is Val, Acc, Cha, or Met; Alerr] is Acc

or Gu; 80 -ValAheraluds, -BlR-2ACA r@is% [eall L8~ h&@,-A , or Cha;
Alerr] is Lysy Alb Le%r hArg, an, Ac% or JQA e%r]yls Leu, e%éc, or
Cha; Alerr] Rs Gu, Acc, or Aib; 35 A[err] is Asp or Lys; Alerr]
Is Val, Leu, N e, Acc, Cha, or del et ed;

Byg=Ry1=A1g= A~ ATG =Ry - Ry~ Ry~ Ay ~AYG-LyS-RAy;-Ajg-Ayy-

Ajo ‘An ~Ry-Ay, -Aj, "Rs ’

10 wherein
A, is Ser, Ala, or Dap;
A, is Ser, Thr, or Aib;
A, is Leu, Nle, Ile, Cha, p-Nal, Trp, Pal, Acc,
Phe or p-X-Phe, in which X is OH, a halogen, or CH,;
15 A, is Leu, Nle, Ile, Cha, fB-Nal, Trp, Pal, Acc,
Phe, or p-X-Phe in which X is OH, a halogen, or CH,;
A, is Met, Nva, Leu, Val, Ile, Cha, Acc, or Nle;
A,, is Leu, Nle, Ile, Cha, f-Nal, Trp, Pal, Acc,
Phe or p-X-Phe in which X is OH, a halogen, or CH,;
20 A,, is Gly, Acc, or Aib;
A,; is Leu, Nle, Ile, Cha, B-Nal, Trp, Pal, Acc,
Phe, or p-X-Phe in which X is OH, a halogen, or CH,;
A, is Ser, Asn, Ala, or Aib;
A,, is Ser, Thr, or Aib;
25 A, is Met, Nva, Leu, Val, Ile, Nle, Acc, Cha, or
Aib;
A, is Glu or Aib;
A,, is Val, Acc, Cha, or Met;
A,, is Acc or Glu;
30 A,, is Trp, Acc, or Cha;
A,, is Leu, Acc, or Cha;
A,, is Lys, Aib, Leu, hArg, Gln, Acc, or Cha;
A,; is Leu, Acc, or Cha;
A,, is Glu, Acc, or Aib;
35 Ay, is Asp or Lys;
A,, is Vval, Leu, Nle, Acc, Cha, or deleted;

* [+ L ] S *



WD 98/ 30590 PCT/ US97/ 22498 - 20 -
A32 is H's or deleted; A33 is Asn or deleted; A34 is Phe, Tyr, Anp, A b, or
del eted; each of Rlerr] and Rlerr] is, independently, H, C[ err] al kyl, 5

Cerr] al kgpwsmoddper '] phenylal kyl, Clerr] napthylal kyl, 'H"U

hydroxyal kyl, C[err] hydroxyal kenyl, Clerr] hydr oxyphenyl aI Kk 8?7”(1{'%%]
hydr oxynapt hyl al kyl ; or one and only one of R err] and Rerr] is COE[err]
in which E[err] is (Jerr] alkyl, Cerr]2alkenyl, Cerr] phenylalkyl, Cerr]
napt hyl al kyl , 10 (Jerr] hydroxyal kyl, Cerr] hydroxyal kenyl, Cerr]

hydr oxy- phenyl al k¥, % Eferet dgbeovsgnapt hyl al kyl; and Rlerr] is OH,

NH err], Clerr] al koxy;gs OhsibY-&Radeg Which Y is a C([err] hydrocarbon
noi ety and Z is H, err]H or CONH2; 15 provi ded that at

| east one of A[ err P AF®r¥le, ATSFr|Ampy ehib, aredefietaferr], Alerr],
Alerr], Alerr], A &ddn o‘ﬁairlandAIizgr:ré f:ﬁ@é éndéh%li&] Ha“@ A# E‘ah]r}l 15 Acc;
or a phar rraﬁc_;eutl ﬁie?élacccept abl e Sf i T pept| a?(
wherei n A3 §zi258 20 PRgRYfalky rlgno'«w ﬂé@t xﬂélquy irs Chew, Acc, or
Cha; A[err]hyd;rdsxgalhpn, Sya, Hyelroxfedlkddye,, ar, Nle; Alerr] is Leu, Acc, or
Cha; Alerr]y é glé{lk % or Cha; A[err] IS
Asn or A|b A err R B érmg |é;‘36(cl1§'a fc%ab%l‘lﬂl\'yél X‘t ’r] OF Sngy| or
Acc; Er@Pel eELfs angRy, lﬁc@OF@rl@hahlAbeEr]lssclqzu or Aib;
Al er r] ' S \@ikyi—,eucz N 11651 ,01c,¢ zoaphé{xﬁiélk&§ bn 20 Dapthylalkyl,
10 C,,, hydroxyalkyl, C,,, hydroxyalkenyl, C,.,, hydroxy-
phenylalkyl, or C,,,, hydroxynapthylalkyl; and
R, is OH, NH,, C,.,, alkoxy, or NH-Y-CH,~-Z in which
Y is a C,.,,, hydrocarbon moiety and Z is H, OH, CO,H, or
CONH, ;
15 provided that at least one of A;, A,, A, A,,, A,
A15: A:_e.r Az:“ Azzr A23, A241 A27, Azg’ A291 and A31 is ACC,‘ or a
pharmaceutically acceptable salt thereof.

2 A peptide of claim 1, wherein
A, is Ser;
20 A; is Ile or Acc;
A, is Leu, Acc, or Cha;
A, is Acc, Met, Nva, Leu, Val, Ile, or Nle;
A,, is Leu, Acc, or Cha;
A, is Acc or Gly:;
25 A, is Leu, Acc, or Cha;
A, is Asn or Aib;
A,, is Ser;
A,y is Acc, Met, or Nle;
A,, is Val or Acc;
30 A,, is Lys, hArg, Acc, or Cha;
A,; is Glu or Aib;
A,, is Val, Leu, Nle, Acc, or Cha;
A,, is His;
A,, is Asn;
35 A,, is Phe, Tyr, Amp, or Aib; and
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Alerr] is Asn; 35 Alerr] is Phe, Tyr, Anp, or Aib; and WO

98/ 30590 ' PCT/ US97/ 22498 - 21 -
or a pharmaceutically acceptable salt thereof. 3. A peptide of claim 2,
wherein MW@ps/305p& |l e or Ahc; Alerr] is Leu, Ahc, or Cha; 5SPCT/USS7/2249 er ]
is Ahc, Met, or Nle; Alerr] is Leu, Ahc, or Cha; Alerr] is Ahc or Qy;
Alerr] is Leu, Ahc, or Cha; Alerr] is_Mt or Ahc; 10 Alerr] is Val
or Ahc; Alerr] is Qu or Ahc; Alerr] % Trp, Ahcc or Cha; Alerr] is Leu,
Ahc, or : Ar Alerr] is Leu,
Ahc, or %g;a gél‘ré alcgugi%ali %cc'%p%a}?ofeﬂ\[ e‘%ﬁ e%?f Leu, N e, Ahc, or
Cha; Rlerr] is H Rerr] is H and 20 R[err] is NHerr]; or a

pharmaceutical |y acceptable; sal bt RELSRS o r%‘i ide of claim3, wherein
at | east one of A[err] err errF A['err Alerr], Alerr], Aerr], or

Alerr] is Cha. 52Rsaigegthied rcﬂ"“lt,cf'al m 3, wherei n at |east one of 25 A[err]
Alerr], Alerr], A.eng ,Letmr At ot e p. 6. A peptide of claim 1, wherein
said peptide is ( hc% hll?dTH(l 34) ELerr] [ Ahc[err], Ne[err],
Tyr[erf]] hPTH(I - 2% PTH(1-34)NH err] ;
[ Ahc[ err]] hPTH( 1—1’34)1\151[361&] A.ElAhcpe'r Chieh PTH( 1- 34) NH[ err]
[ Ahc[ err]] hPTH( 1-,34) EhLE] ?%F[err]]hPTH(l 30 34)NH[err]; [Nle[err],
AhCl err])hPTH (1 Sﬁ){\ﬁ[err]o:L% [err]] NPTH(1-34) N er r]
15
A,y is Met or Ahc;
10 A,, is Val or ahc;
A,, is Glu or Ahc;
A,, is Trp, Ahc, or Cha;
A,, is Leu, Ahc, or Cha;
A,, is Lys, hArg, Ahc, or Cha;
15 A,; is Leu, Ahc, or Cha;
A, is Glu, Ahc, or Aib;
A,;, is Val, Leu, Nle, Ahc, or Cha;
R, is H;
R, is H; and
20 R, is NH,;

or a pharmaceutically acceptable salt thereof.

4. A peptide of claim 3, wherein at least one of
Aq, Ay, Ay, Ay, By Byy, Ay, O A is Cha.

5. A peptide of claim 3, wherein at least one of
25 Alﬁ' Al?l A191 A29, or A34 iS Aib.

6. A peptide of claim 1, wherein said peptide is
[Ahc” ']hPTH(1-34)NH,; [Ahc’ !, Nle® '®, Tyr**]hPTH(1-
34)NH,; [Ahc']hPTH(1-34)NH,; [Ahc”*'1hPTH(1-34)NH,;
[Ahc’]hPTH(1-34)NH,; [Ahc®]hPTH(1-34)NH,; [Ahc**]hPTH(1-
30 34)NH,; [Nle® **, Ahc?’]hPTH (1-34)NH,; [Ahc**]hPTH(1-34)NH,;
(Ahc’*ThPTH(1-34) NH,; [Ahc?*' ?® *1hPTH(1-34)NH,; [Ahc?*' 2%
3, Lys*®]hPTH(1-34) NH,; [Ahc?® **]1hPTH(1-34)NH,;
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(Ahc[err] hPTH(1-34) NH err]; [AhC[err]]hPTH(1-34)NH err]; [Ah(err],

Lys[err]] hPTH(1-34) NH err]; [Ahc[err]] hPTH(1-34)NH err]; WO 98/ 30590,

PCT/ US97/ 22498 - 22 - [Ahc[err]]hPTH(1-34)NH err]; [Ahc[err] Aiblerr],

Lys[err]] hWio¥sisoddg NH err]; [Ahc[err], Aib[err], Lys[err] (,13‘ ‘?QHQ hPTH-

(1-34)NH err]; [Ahc[err]]hPTH(I- 34)NH err]; [Ahc[err] ] hPTH(}.l 2498

[ Ahc[err]] hPTH(1-34)NH err]; [Ahc[err]] hPTH( 1-34)NH err];

[Ahc[err] ] hPTH(1-34)NH err]; [Ahc[err] g5-Aib[err]]hPTH(1-34)NH err];

[ Ahc[err], Aib[err]]hPTH(1-34)NH err]; [Ahc[err],

QiHF[ er ]r 1] hPTHh&ISSi&xPNH(&r—Bk)I\{IﬁE%MIeg} )HPTliﬂbM) 8“]&1&"1@{(%-@]4)*13% (1- )
err esd by Brr

Ai b29] hPTH( ?ﬁgﬁ) NH % erA}%’?"[’ iﬁ%fer‘r su 4% fl J‘Q 2dr r[]}’*ih%b’?ﬁﬁ(ﬁérr] ) NH2:

[ Ahc[err], BeuNHjr] Am‘B[bPﬂi](thﬂ-l(\Imz,MﬁM ][hETHéM]B]&)NHIH(l 34)NH err];
10 [Ahc[ergkhﬁﬂ]ﬁw{(]ﬂé 1- %%Igwmﬂ; u“@ﬁ}]lﬂ gcceptabl e
he

salt thereo or nula: err wher Alerr] is Ala,
Ser, or BapAihfd (§-'§ér)1\%rA|[thﬁ[re|Arl 1IhRFHE(1434) NEyee, [Adrcztha Alerr]
is (L;u thallklhwgth(ré]::"Euqle{ Tr IPAhE’&llhpésEm BQG)NH%E 42hBe PY F WhiC_h X
is a hal ogen ers rr e err] is
Asp or Asn;3A WF f Ahg s L& bh%rﬁg'n'ﬁéc ‘gﬂg{wo@{e q&a?‘ 2A[err] is dy,
Acc, or Ai bAJ.BU’]hPTH(l 34ANEY § | [ABcSBer Le®Hi RivAPERPTH(S-BhpNgACC, or Cha;

[Ahc®*, Leu?’, Aib*]hPTH(1-34)NH,; [Ahc®?]hPTH(1-34)NH,;

10 [Ahc??, Aib*’] hPTH(1-34)NH,; or a pharmaceutically
acceptable salt thereof.

7. A peptide of the formula:

\
15 A;-Val-A;-Glu-As-Gln-A,-A,-His-A A, -A,-Lys-A,,-A,,-
, .
R,

Rg~A0-Ryg-A g~ AYg-AYg-A,,-A,-A,y - A ~Ay A, - Ay, -
A29"A30'A31 'An'Aa: "A34 ‘Rz

20 wherein

A, is Ala, Ser, ox Dap;

A, is Ser or Aib;

A; is His, Ile, Acc, or Cha;

A, is Leu, Cha, Nle, B-Nal, Trp, Pal, Acc, Phe, or
25 p-X-Phe in which X is OH, a halogen, or CH,;

A, is Leu, Met, Acc, or Cha;

A,, is Asp or Asn;

.2 is Lys, Leu, Cha, Aéé;.Phe, or f-Nal;

30

A
A, is Gly, Acc, or Aib;
A,, is Ser or His;

A

s is Ile, Acc, or Cha;

LT



