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ANALOGS OF PARATHYRO D HORMONE Background of the

| nventi on Par at hyroi d hornone ("PTH ") is a Polypep%ide ? .
roduced b rat hyroid gl ands. The mature circulatin ormo e

Eornnne |sy éﬁg@ﬁé%d o¥ 84 a%ino aci d residues. The bi 8CE3ISeHII2Rct i on of
PTH can be reproduced by a peptide fragnment of its N-termnus (e.g.

am no acid residues 1 through 34). Parathyroid hornone- 10 related protein
("PTHP") is a 139 to 173 am no aci d-priotein with N-terninal honol ogy to
PTH. PTHrP shares many of the biological effects of PTH including

bi nding to a cormon PTH PTH P receptor. Tregear, et al., Endocri nol .,
93:1349 (1983). PTH pepti deANALOGSORYPABATHYRGIIE BORMONECES, €.d., human
bovj ne, rat, chicken, have been characterized. N ssenson, et al.,

Recept or, 3:193 (1993). 1 AUTQ h%s been sgomn to both inprove
bone mass and quality. De Q9 ev., 14:690 20
(1293); and Riggs, Andarathykbid, héﬁmqﬁhunﬂPTHBB)i§7éspoljﬁéﬁfﬁue'The

anabol i ¢ ef f gChrohubal Sbyi tie Mab ¥ thyr84d! §ish&l €d 4RlHuag,Reen observed in

ost eoporotic neIan.rculatlng 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 thfough 34). Parathyroid hormone-

10 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

15 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

20 (1993); and Riggs, Amer. J. Med., 91 (Suppl. 5B):37S
(1991). The anabolic effect of intermittently
administered PTH has been cbserved in osteoporotic men
and women either with or without concurrent
antiresorptive therapy. Slovik, et al., J. Bone Miner.

25 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).

Summary of the Invention

In one aspect, the invention relates to peptide
. 30 variants of PTH(1-34) of the following generic formula:



and wonen either with or w thout concurrent antiresorptive therapy.

Slovik, et al., J. Bone Mner. 25 Res., 1:377 (1986); Reeve, et al., Br.

Med. J., 301:314 (1990); and Hesch, R-D., et al., Calcif. Tissue Int'l,
I n

44:176 (198 Summary of the Invention
one aspect,g%ﬂgwgﬁ%%ntion relates to peptide 30 variants ofCPHUFEY) of
the follow ng generic fornul a: WO 97/ 02834

PCT/ US96/ 11292 _ . - 2-
[err]-Val-Alerr]-Gu-Alerr]-An-Alerr]-Aleerd-H s-Asn-Alerr]-Alerr]-Lys-H s

~Alerr]- 5
Alerr]-Aerr]-Alear]-Alerr]-Arg-Alerr]-Gu-Alerr]-Alerr]-Arg-Lys-Alerr]-Ale
rr]-dn- ALoh1 Las &l lx Aeshrh; A ek ALST L] B eI ] s g WhETEI D
/
5 R,
Als"‘Al ] -Als-Alg —Arg-A2 1 "Glll"Az 3"'A2 4—Arg-LYS —Az 7 -Az B-G In-
Azp=A31=A33-A33-Az4-R3,
wherein
A, is Ser, Ala, or Dap;
10 A3 is Ser, Thr, or Aib;

A; is Leu, Nle, Ile, Cha, B-Nal, Trp, Pal, Phe or
p-X~Phe, in which X is OH, a halogen, or CHj;
A; is Leu, Nle, Ile, Cha, g-Nal, Trp, Pal, Phe, or
p-X-Phe in which X is OH, a halogen, or CHy;
15 Ag is Met, Nva, Leu, Val, Ile, Cha, or Nle;
A, is Leu, Nle, Ile, Cha, -f-Nal, Trp, Pal, Phe or
p-X-Phe in which X is OH, a halogen, or CHj;
A;, is Gly or aAib;
A;g is Leu, Nle, Ile, Cha, S-Nal, Trp, Pal, Phe,
20 or p-X-Phe in which X is OH, a halogen, or CH,;
A6 is Ser, Asn, Ala, or Aib;
A, is Ser, Thr, or Aib;
A;g is Met, Nva, Leu, Val, Ile, Nle, Cha, or Aib;
A;9 is Glu or Aib;
25 24y, is Val, Cha, or Met;
A,3 is Trp or Cha;
Ay, is Leu or Cha;
A,, is Lys, Aib, Leu, hArg, Gln, or Cha;
A,g is Leu or Chaj
30 Ajp is Asp or Lys;
A3, is Val, Nle, Cha, or deleted;
Az, is His or deleted;
A3z is Asn or deleted;

A3, is Phe, Tyr, Amp, Aib, or deleted;



Alerr] is Ser, Ala, or Dap; 10 Alerr] is Ser, Thr, or A b;

Alerr] is Leu, Ne, Ile, Cha, [err]-Nal, Trp, Pal, Phe or p- X-Phe, in
which X is OH a halogen, or CHerr]; Alerr] is Leu, Ne, Ile,
Cha, [err]- Trp, Pal, Phe, or p- X-Phe in which X is COH, a hal ogen,
or CH3; 15 WO9702838" prorry js Met, Nva, Leu, Val, Ile, ChZCTHISof(1292

Alerr] is Leu, Ne, Ile, Cha, [err]-Nal, Trp, Pal, Phe or p- X-Phe in
which X is OH, a hal ogen, or CHS; Alerr] is Ay or Aib;

Alerr] is Leu, Ne, Ile, Cha, [err]-Nal,_-T3p, Pal, Phe, 20 or p-X-Phe in
which X is OH a hal ogen, or CH3; A[err] Is Ser, Asn, Ala, or
Al b; Al er re}aqh; oSeR; ahd Rorishi Bpdependently, | erlr.iz is Met,

Nva, Leu, Val, ahkga, Ne Akeflr1 Al en [@r].is Qu or A b; 25
Alerr] is Vval, 9 g{?@i b @7-20 B ylall.ksyl_?,\ 5 12%Ch

Alerr] is Leu SFP%HX al C€1-12 hydrgyya kylLy§2-m l?YdEBﬁYaHﬁE?’@’lG(fv- or
Cha; 20 W@rm]fyplsemmlmar Gy -20 hydroxyijamthylaikpsp or Lys;
Alesr] is Vak, oNEeathénlfr ofié! & 84’ ana R, is COE Aljar Huéﬁ Bl §0ic del eted;
Alerr] is Asn or del eted; Al efr Bhe, Tyr, Amp, A B %r

del et ed; k¥ S7/iz283kenyl, Crgo Phenylalkyl, c1)lo

PCT/ US96/ 11292 napthylalkyl, C;.;, hydroxyalkyl, C,_,, hydroxyalkenyl, C,.
20 hydroxy-phenylalkyl, or C,;_,o hydroxynapthylalkyl; and
R; is OH, NH,, C;.;, alkoxy, or NH-Y-CH,-Z in which
10 Y is a C;_;, hydrocarbon moiety and Z is H, OH, CO,H, or
CONH, ;
provided that (i) at least one of A, 2., Ay, Aq1s
RAi5: A1gs Byi, Azz, Bys, Ay, Ajg, and By, is Cha, or at
least one of A;, A,,, A, A;q, Ajg, Ajg, and Ay, is Aib;
15 or that (ii) at least A, is Dap, A, is g-Nal, Trp, Pal,
Phe, or p-X-Phe, A,g is g-Nal, Trp, Pal, Phe, or p-X-Phe,
A,, is hArg, or Az, is Nle; or a pharmaceutically
acceptable salt thereof. .
A subset of the compounds covered by the above
20 formula are those in which at least one of Az, A,;, A;,,
Ajs, Aggr Ay, Az3, Ay, Agq, Agg, and ‘Aj, is Cha. For
example, Az is Ser; Ay is Ile; A; is Leu or Cha; 3, is
Met, Nva, Leu, Val, Ile, or Nle; A,; is Leu or Cha; a,, is
Gly; A5 is Leu or Cha; A, is Asn or Aib; A;, is Ser; A,4
25 is Met or Nle; A,; is Val; A,; is Lys, bArg, or Cha; 2,
is His; Az; is Val, Nle, or Cha; Aj3 is Asn; Az, is Phe,
Tyr, Amp, or Aib; R, is H; R, is H; and R; is NH,;
provided that at least one of Ay, A4, Ag, A;;, Aj5, Ag,
Agqs Ag3, Mgy, Agq, Azg, and Ay, is Cha, or at least one of
30 Az, Ajy, Az, Ay7s Ajgs Ajyg, and Ay, is Aib. If desired,
at least one of A, and A,;, can be Cha; or at least one of
" Ajse Az3; Rags Azys Rgg, and Ay is Cha.
In another subset, at least one of A;, Ay,, A,
- Ay, BAqg; A9, @and A3, is Aib. For example, A; is Ser or
35 Aib; Ag is Ile; A, is Leu or Cha; Az is Met, Nva, Leu,



- 3- each of Rerr] and Rerr] is, independently, H (err]

al kyl, Cerr] alkenyl, Cerr] phenylalkyl, Cerr] napt hyl al kyl , Cerr]
hydr oxyal kyl , C[err] hydroxyal kenyl, Cerr] hydr oxyphenyl al kyl , or

C err] hydr hyl al kyl ; or 5 one and only one of R err] and err] is
COE[err] in ¥ierr] is err] al kyl, Cerr] al keR¢I/USPEHAR

phenyl al kyl, C err] napt hyl al kyl , Cerr] hydroxyal kyl, Cerr]

hydr oxyal kenyl, C[err] hydr oxy- phenyl al kyl , or Cerr]

hydr oxynapt hyl al kyl ; and R3-is-OH, NHerr], Cerr] al koxy, or

NH-Y-CH2-Z in which 10 Yis a (Jerr] drocarbon noiety and Zis H, OH,
COerr]H or Valgogie, or Nle' Ay 15p£69i@|’é(ﬁhﬂfaﬂléiisaﬁel} @5 Chane of
Q%err}, ﬁ%e”}’A [eérz};snA?xerm]h. A, Ai@rue]t Al[mrrat:r }é\i@f][d Ahevai; e]rr],
err], err ast, one.o err err
Alerr], Alerr] lAﬁ'g' iﬂ%\ eir'é % A err aj E §IOrNﬁ'ﬁ a['at | east
Alerr] is Dap, A%{zeiﬁ] Hi%: [Peﬂar ]lSN%@n T, lPaPhe: T)f!heAm erAi’he Rﬁ[err] is
[err]-Nal, Twp,idai; rBheés mf a[hdx'lf'his NH, ADkovEdBAT Sha®l at Bddt icheN ©; OF
a phar naceutlc%g%y f\accz;ept ib aIt thereof A subset of the

conpounds cover ed Motalod e hua Bate PausBeen Wrchzar F¥hst one
of Alerr], Al erdsh, ia[€ha;) or atpleast onecef Az, APesr |AwleRril, PAgerily,
Alerr], A[err] ,araer1¢34\[£grpllbs GCFadebired, £XATAsE, oﬁéebf]AJ, an®n ﬁr"A[e”] i's

Ile;, A7 L Al
|seLeu olrS o c%ﬁglatmé‘[gf]a Fleerar tN?éeLg%a%#S’ 53' 23 |§2N$ 28 ﬂ‘% terrl

Alerr] is Sé-P %hei-?]c%ls Met or Nle; Alerr] is Val; Alerr] |s Lys, hArg,

or Cha; A32 i s Hl s; In°~[ael’slt]11113fﬁ9‘i:heNéhbéyt CH& 1&&@{ rdnd o ) Ah[e”] i's
Phe, Tyr, r;{% Ab err] Xi err] A X iideR[ er rl @} err];
provi ded that ae’l eh%‘t afe o¥9’A éif] 234 ERE] 2A['e 78, Per, 15y

Aerr], Al err] atalerst ong @ As. Abesr A16A] Br] ArancRAlernfl As, G, or at

| east one of 3@iM.er Fbr &kaiple, A eik] sedl 6F dib; Ahgrils IPéera)] isanduAl err]
s Ab. I desir efla; a, s bARS! WAS BhuAGLT) A0S AbeRil, caN B £y or A
or Cha; A,5 is Leu or Cha; A;g is Asn or Aib; Ayg is Met,
Aib, or Nle; A, is Val; A,; is Lys, Aib, Leu, hArg, or
Cha; Aj; is Val, Nle, or Cha; Az, is His; Az is Aen; Ag,
is Phe, Tye, Amp, or Aib; R, is H; R, is H; and R; is NH,.
20 If desired, at least one of A, and A;; is Cha and at least
one of Aj;¢, Ajg, and Aj, is Aib; or at least one of - OYY)
Ayg, and Az, is Cha and at least one of A;, and Ay, is Aib.
_ In yet another subset, at least one of A, is Dap,
A, is g-Nal, Trp, Pal, Phe or p-X-Phe, A,; is f-Nal, Trp,
25 Pal, Phe, or p-X-Phe. For example, A, is Ser, Gly, or
Dap; A3 is Ser or Aib; Ag is Met, Nvé, Leu, Vval, Ile, or
Nle; A;g is Asn or Aib; A;g is Met, Aib, or Nle; A,, is
Val; A,; is Lys, Aib, Leu, hArg, or Cha; A;; is Val, Nle,
or Cha; Az, is His; A5, is Asn; A, is Phe, Tyr, Amp, or
30 Aib; Ry is H; Ry is H; and R; is NHj_
The following are examples of the peptide of this
invention as covered by the above formula: [Cha’]hPTH( 1-
34)NHy; [Chall]hPTH(1-34)NH,; [Chal5)hPTH(1-34)NH,; [Cha’
111hPTH(1-34)NHy; [Cha’s 1!, NleB: 38, Tyr34jnpTH(1-34)NH,;
35 [Cha?3]hPTH(1-34)NH,; [Cha??]hPTH(1-34)NH,; [NleBr 18,

L4



Alerr], Alerr], Aerr], Aerr], Alerr], and Alerr] is Cha. I n

anot her subset, at |east one of Alerr], Aerr], Aerr], Alerr], Aerr],
Alerr], and Alerr] is Alb. For exanple, Alerr] is Ser or 35 Aib; Alerr] is
Il e; A[err] is Leu or Cha; Alerr] is Met, Nva, Leu, WD 97/ 02834
PCT/ US96/ 112¥997/02834 - ABCT/USS6II{E || e,
or Nle; Alerr] is Leu or Cha; Alerr] is Leu or Cha, Alerr] is Asn or
Aib; Al18 is Met, Aib, or NNle; A21 is Val; A27 is Lys, Aib, Leu, hArg,
or Cha; Alerr] is Val, Ne, or Cha; A3R-is H's; A33 is Asn; A34 is Phe,

Tyr, Anp, or Aib; R[err] 5isH R ig H and R[err I's NH err] provi ded
that at |east otm? ]hP'BH(Jﬁth)rl]HZ,A[[@hn? ]Wﬁi’(ﬂ]‘“)\}mﬂ][mﬁ Bh?THA{-'err]
A][e'rb\{] jA[e'rA\{],sﬂ[rﬁfro] {Chb %}Jmﬁhe.gahq ﬁd[c:haZ"A?P]hﬁT g.,.zg{llqﬁzt !A\IegStI]?ne
) err er r r 485

desired, at Iea <]tﬂa()n E%HQ[ l\ﬁ'gr‘ld Er r:ir#%ﬁl gﬁ)% Giﬂ&%r at | east one
of A[err] Al er ]]hméhi}‘l)lmﬁr {PibAP BaRTH (134 ) B8, Al BA B 1 bPTHA1~

| till furt b 3 t qy16] ,19 ~34)NHY;

AFe?r]s IA[ erlr!l']r ?[N?E]li%sﬁf ?g?ﬁfﬁﬁ o ﬁH Eﬁl 6,] /ﬁlf:ﬁ i 34 aﬁ&rk[ err]
I's Cha, ast on A[1 5?? A[ 655‘1 fA S’[err]
Alerr], and A[ lAipiPs 3 ]hPmbl'%}NlinGa A3, N1 B x {\err] is

Ile; A7 is Leu ﬁ&%qhﬁw@(l_ﬁ&ymzl\{bt chAVa, 11yeme&/all8, Bl AgsletB Alerr] is
L0 o T s (R e A gl i,

10 Aib ]hPTH(1—34)2, [Cha , Aib34]hPTH(1-34)NH,; [Cha
Aib341hPTH(1-34)NH,; [Cha®?, Aib®]hPTH(1-34)NH,; [Cha”,
-Aib34)hPTH(1-34)NH,; [Cha®®, Aib®]hPTH(1-34)NH,; [cha?f,
Aib34]hPTH(1-34)NH,; [N1le31]hPTH(1-34)NH,; [hArg?? hPTH(1-
34)NH,; [Dap, N1le® 8, Tyr341hpTH(1-34)NH,;

15 [N1e3!]bPTH(1-34)NH,; [Nle3!]rPTH(1-34)NH,; [hArg??]bPTH(1-
34)NH,; [hArg2?7]rPTH(1-34)NH,; [Cha’r 11, aib??,
Lys3°JhPTH(1-34)NH,; [Aib2]hPTH(1-34)NH,; [Cha24r 28 31,
Lys301hPTH(1-34)NH,; [Cha?8s 31jhPTH(1-34)NH,; [Cha’s 11,
N1le®s 18, Aib34JhPTH(1-34)NH,; [Aib3JhPTH(1-34)NH,;

20 [Cha®)hPTH(1-34)NHy; [Chal®]hPTH(1-34)NH,; [Cha’r 11,
Aibl%IhPTH(1-34)NH,; [Cha’’ !, aib'® JhPTH(1-34)NH,;
[Aib*7JhPTH(1-34)NH,; [Cha®1hPTH(1-34)NH,;[Cha’s 13-
15JhPTH(1-34)NH,; [Cha’s 1!, N1eB® 18, aib??,
Tyr34JnPTH(1-34)NH,; [Cha’/ 11, N1leB 28, aip!%, Lys3C

25 Tyr>4JhPTH(1-34)NH,; [Cha’s 11/ 35jhPTH(1-34)NH,;
[Aib*7JhPTH(1-34)NH,; [Cha’s 1!, Leu?’]hPTH(1-34) NH,;
(cha?r 13+ 15, 1eu?7)hPTH(1-34)NH,; [Cha?’ 1!+ 271 npTH(1-
34)NH,; [Cha?s 1+ 15/ 271npTH (1-34)NH,; [Trp*®]hPTH(1~
34)NH,; [NallS]hPTH(1-34) NH,; [Trp'®, Cha?3)hPTH(1-34)NH,;

30 [Chal5s 23)hpPTH(1-34)NH,; [Phe’s 11]hPTH(1-34)NH,; [Nal’-
131hpTH(1~34)NH,; [Trp’’ 1]1hPTH (1-34)NH,; [Phe’r 11/
151hPTH(1-34)NH,; [Nal’s 13+ 351hpTH(1-34)NH,; [Trp’s 11
15)hPTH(1-34)NH,; and [Tyr’s !¢ 1S5]hPTH(1-34)NH,..

- In another aspect, this invention relates to

35 peptides covered by the following formula:



Cha; Alerr] is Val., N e, or Cha; Alerr] is Hs; Alerr] is Asn; Alerr]

is Phe, Tye, Anp, or Aib; Rerr] is H Rerr] is H and Rerr] is NHerr].
20 If desired, at least one of Alerr] and Alerr] is Cha and at |east

one of A[err& /Lerr] and Alerr] is Aib; or at |east one of A#err;

Alerr], and WP&M334s cha and at |east one of Alerr] and APGHPISNEIR b,

In yet another subset, at |east one of Alerr] is Dap, Alerr] is
[err]-Nal, Trp, Pal, Phe or p- X-Phe, Alerr] is [err]-Nal, Trp, 25 Pal, Phe,
or p-X-Phe. For exanple, Alerr] is Ser, d@g,~ or Dap; Alerr] is Ser or
Aib;, Alerr] is NEt Nva, Leu, Val, Ile, or Nle; Alerr] is Asn or Aib;
Alerr] is Mt, % Nle; Alerr] is VaI Alerr] is Lys, A b, Leu,

hArg, or Cha; A[err a Cha; ,A32 is H's; Alerr] is Asn;
Alerr] is Phe, Tyr, %h% af #‘ 3,%11%1}; Géf’ef‘ff]'Aﬁ Hig~ApyAig Py a\[’)@‘liém ra1sH
The foll ow ng are gxanples of the peptide of this i nvention as covered
by the above fornul%: [Cha[err]hPTH(I - 34)NH err];

Ch hPTH( 1- 34) NH L
[or eI nPTH 1. 3) N4 er 1 | 05] CHALGRT 10 RF &l ot o) 22y lf_%f"]hlgsr HME 1 3

[ Cha[ er r] hPTH( 1- 34) NH2gk 330 2Ghed oy-A R PAL{-Rs34) NH err]; [ NI e[ er r]
WO 97/ 02834 PCT/ US96/ 11292

- 5- Cha[ erY}eHeAR 1- 34) NH[ err]; [Cha[err] hPTH(1-34)NH err];
[Cha[err] hPTH( 1- 34) NH2; 03‘[1[ iy%gﬁ I—%%B%Npégr r]
[ Cha[ err] hPTH( 1- 34) NH2; [ ChaleiT] H( 4)
[Chal[err]rP™Y 1-34) NH err] [Chapfer if Ser or Aib;
Ag is His, Ile, or Cha;
A, is Leu, Cha, Nle, B-Nal, Trp, Pal,
Phe, or p-X-Phe in which X is OH, a halogen, or CHjy;
Ag is Leu, Met, or Cha;
15 A o is Asp or Asn;
A,; is Lys, Leu, Cha, Phe, or g-Nal;
A;, is Gly or Aib;
A, is Ser or His;
A,5 is Ile, or cCha;
20 A,s is Gln or Aib; .
- A;, is Asp or Aib;
Alé is Leu, Aib, or Cha;
A9 is Arg or Aib;
A,, is Phe, Glu, Aib, or Cha;
b1 A, is Phe, Leu, Lys, or Cha;
A,, is Leu, Lys, or Cha;
A,s is His, Aib, or Glu;
A,¢ is His, Aib, or Lys;
A,5 is Leu, Lys, or Cha;
30 . A,g is Ile, Leu, Lys, or Cha;
Agg is Ala, Glu, or Aib;
" Ajgp is Glu, " Cha, Aib, or Lys;
A3; is Ile, Leu, Cha, Lys, or deleted;
A3z, is His or deleted;
as A33 is Thr or deleted;



[err] hPTH(1-34)NH err]; [Aib[err] hPTH(1-34)NH err]; [Ai b[err]hPTH(1- 5
B4)NH err]; [Aib[err]hPTH(1-34)NH err]; [Ai b[err] hPTH(1-34)NH err]
[Aib[err] bPTH(1-34)NH2; [Ai[bg:ﬁr{]hPil'H(h-S?)NH][errklb[ | err]
Ai b hPTH( 1-34)NH err]; alerr], elerr] , err

LPTHE?E%L)NM[ 77fops [cr[qa[e]rr],_ Nl e[err], Aib[err] ewwwilre 34) NH2;
[Cha7, Aib[err]hPTH(1-34) NH err] [Cha[err], 10 Aib[err]hPTH( 1-34)[err];

[Cha[err Aib[err]hPTH(1-34)NH2; [Chalerr], Al b[err]hPTH(1-34)NH err];
[Cha[err], Aib[err]hPTH(1-34)NH err]; [Chaerr] Ai b34] hPTH( 1- 34) NH2;
[ Cha28, Aib[err]hPTH(1-34)NH err]; [Cha [err] Aib[err] hPTH(1-34)NH err];

[ Nle[err] hPTH(1-34)NH err]; | hAlAg[ge«'FiF ]mﬁg:'ldeleteeg,) NH err]; [Dap[err],
Nl e[err], Tyr[err] hPTH(1-34) NH e@akh; o£5r F’Jig(-r%% @l’zrlgPTﬂéegélﬁd\&;l[ takt ] &,

el e, G, o SR
rgle
LYS[ grr] hPTH( 1 Pﬂyé k}’lEAFb{mrh]!ﬁmﬂ(ﬂlmyﬂllﬂ[ Gwﬂg [Cha[ err]

v AN H’E“i*‘%i“ ie“"* rr BHFH PR ok gpe
e|err err
[Chg[err]hPTH(f 4 PR ePPF %4)’1(114{" r"F’ )3 gﬁ[‘éﬂz}

Ai b[ err]] hPTH PMNI—FS-FJQ] allcma[émh abk@!ﬁlehr ]c7]_aewmse@mm Ci11-20
[ Al b err]] hPTHapthyNsliRy1 ] ; crﬁgaﬁwawm?@ 4) g bicyh h@heI " lc,.

hPTH( 1- 34) NH err rr rr

Tyr[ fer r] h?DTHE 1-29]4 Hdnyaz r’ ] 131'I\ﬁlbl["é? A dr°/35y5‘faé’?;r‘}’lay§¥feﬁ’]d
Tyr[ err] hPTRP1- 34) NH é'rar ]15 P@ha{“Efr]%PIﬁ(allJWNHpcr NH-Y-CH,~Z in Wthh
[Aib[ err] hPTH(ly 34) N%Tﬁrlr | hyliEBaa£hén ;mdiitlye bk BTHE 1 349y NS | by
[Cha[err]. Leu ] hP 1- 4)NH[err] | Cha[err]hPH'(l- %4)NH[err]
[ Cha[ err] hPTH 5@1) NH[ err] [ Trp[err] hPTH( 1- 34)NH err];

[ Nal [ err] hPTH( 1- 34) Nlﬂ[m}i,ed[ ‘Ehp{:e(r.] , atChiadamstr })hETH(ElAg%A)m @t 14,,30
[ Cha[ err] hPTH( Al 34ANH[ %31 g eir\lrH %{TFSB éﬁ)@Nl—l[,gri‘_l Ler&l_ Lat

Egﬂgi gjg mge#%? eﬂ%r eé%)]?'_:?ﬂﬂ(ml SQ)ENHPeN] \ 1) T pferﬁtz]zr Agse Bags
hPTH( 1- 34) NH[ egb; Zgpd PTyRbgrig IHEH dr3that( e¢ti) .at least one ol‘fliﬁ,anot her
aspect, his imyentign helates 4.9 32 Bl iddes E:‘ﬂ‘é‘i—&@@egi{iégfl};o ow ng
acceptable salt thereof. In one embodiment, at least one
of A; and A,; is Cha. 1In another embodiment, at least one
20 of A;g or A;g is Aib. Specific examples of peptides of
the just-recited formula include ,' but are not limited to,
[Cha’ JhPTHrP(1-34)NH,; [ChalY}hPTHrP (1 -34)NH,; [Cha’’
11)hpTHrP(1-34)NHy; [Aib®, Tyr34hPTHrP(1-34)NH,;
[Aib1° JhPTHrP (1-34)NH,; [Aib®s 191nPTHrP(1-34)NH,; [Cha’
25 1, Aip'®hPTHrP(1-34)NH,; [cha?s 11, Aib® JhPTHrP(1-34)NH,;
[Cha??, Leu?3s 28, 31  Gyu25: 29 pLyg26: 30 npTHYP(1-34)NH,;
[Glu??r 25, 29, 1eu23, 28, 31, p1yg26, 27, 301LpTHrp(1-34)NH,;
[Cha?2: 23, G1u?5s 2%, 1eu?®s 31, Lys?6: 301npTHrP(1-34)NH,;
[6lu?2r 25, reu?3s 28, 31 p3p?9, 1ys26 30)npTHrP(1-34)NH,;
30 [Glu??s 25/ 29 1yg23, 26, 30 16y28, 31y KpTHrP(1-34)NH,;
[61u?2, 25, 29 peu23s 28, 31, y1yg26, cha30)nPTHrP(1-34)NH,;
[G1lu®?r 25/ 29 pey?3s 28, 31 14526, A3p30 nPTHrP(1-34)NH,;
[Glu??s 258 2% p1ey23s 31, p1yg26, 28, 30y1nprHrp(1-34) NH,;
_ [Cha?2s 23; 24, 27, 28, 31 @1y25, 29, 1426, 301hpTHIP(1-
35 34)NH,; [Glu22s 25, 29, cna23, 24, 28, 31 1,026, 27,
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-6-
[err]-Val-Alerr]-Gu-Alerr]-An-Alerr]-Alerr]-His-Alerr]-Alerr]-Alerr]-Lys-
Alerr]-Aler

Alerr]- A[er“'}”l(f’@sf] Alerr]-Arg-Arg-Alerr]-Alerr]-Aerr]- Kfypﬂml\f%rr] Al er

r]-Alerr]- Alerr]-Alerr]-Alerr]-Alerr]-Alerr]-Alerr]-Rerr]
wherein Alerr] is Ala, Ser, or Dap; 10
Alerr] is Ser or Aib; -8 - Alerr] i's H's, Ile, or Cha;

Q[ ?;r]o_" SaLﬁ;I 863“3 TI-H?P@q[LJéI ;?‘a‘l_éluyzp zéaaﬁs' Chazg) s, 95, Q-ux Tp_lggzé n which

Met, or Cha; 158r 3°}hP'I‘HrP(1-34)NH ; [GIN®rri5.i 3° AqpysBPr Aén 3°, Cha24-

|A[seg]y :)f 'l&lyg 2,18, 13y, pllifp (£13 )%{2], Ibli 222, Szeé,erzs, 31 iGl w25, 29, Alerr] .,
Alerr] is Ile, Lys?®ni7s 01 nPTHrP(1-34)NH,; [Chad [@PPTaO’.i S lb‘rzsng

Alerr] is Asp oys?éh28, 301npTHYP(1~34)NH,; [Cha?2, Lys?3: 26, 30  g1425, .
29, pLeu?®r 31inPTHrP(1-34)NH,; [Cha??, Leu?3: 28, 31  G1y2?5,
Lys26: 30 aip?°] nPTHrP(1-34)NH,; [Cha?2?, Leu?3, 28, 31,
Glu25r 29, 1ys?6, Aip30 hPTHrP(1-34)NH,; [Glu2s 25, peu?3.
28, 31 ryg2?6, 27, 30 23529 hPTHrP(1-34)NH,; [Glu?2- 25,

10 Lys?3: 26, 30, 1ey 28 31, a3ip2°) hPTHrP(1-34)NH,; [Glu?2- 25,
Leu23: 31 rpyg 26, 28, 30, a3ip29 1nPTHrP(1-34)NH,; [Cha”- 11,
Glu??s 25, 29 1ey?3r 28, 31 1yg26.s 307 nMpTHYP(1-34)NH,;
[Cha7' 11, 22’ Leu23' 28, 31, G1u25, 29' LYSZG, 3°]hPTHI'P'(1"‘
34)NH,; [cha’s 1}, glu2?s 25 29 10u23s 28, 31 126, 27, 304

15 hPTHrP(1-34)NH,; [Cha’s 11, 22/ 23 g1y25/ 29 1ey28/, 31,
Lys26s 30JnpTHrP(1-34)NH,; [Cha’s 11, glu?2s 25, 29  pyg23,
26, 30 10128/ 3l LPTHrP(1-34)NH,; [Cha’s 11, G1lu?3s 25, 29,
Leu23r 31 rys26. 28, 307 npTHrP(1-34)NH,; [Cha’’ 11, Glu2%2-
25, Leu?3s 28, 31  aip?%, Lys26: 30 npTHrP(1-34)NH,; [Cha’’

20 11, @1lu2?2- 25, 29 3,o423s 28, 31 7426, A3p30)NPTHrP(1-
34)NH,; [Chal5, Glu?2s 25. 29, Leu?3: 28, 31 1ys26,
30)nPTHrP(1-34) NH,; [Chal®s 22, Leu?3: 28, 31 g1y25, 29,
Lys26s 30 hpTHrP(1-34)NH,; [Chal5, Glu?2r 25/ 2% pgu23. 28,
31' Lyszs, 27, 3°]hPTHrP(1—34)NH2; [Chals, 22, 23, Glu25- 29,

25 Leu28s 31, 1ys26, 301hpTHrP(1-34) NH,; [Chal®, Glu?2s 25,
Leu?3s 28, 31 p4in?9 rys26s 30)npTHrP(1-34)NH,; [Chal®,
Glu22s 25; 29 y1yg23, 26, 30 10428/ 311hpTHrP(1-34) NH,;
[Chal®, G1u2?: 25/ 29 p1eu23, 28, 31 1yg26 Aip30} KhPTHrP(1-
34)NH,; [Chal, Glu22s 28, 29  [oy23, 31 yus26, 28,

30 30JnPTHrP(1-34)NH,; [Chal®s 30, glu22s-25s 29, p1ey23. 28, 31,
Lys?S]hPTHrP(1~34)NH,; [Cha?’ 8¢ 22, Leu?3s 28, 31  g1y25, 29,
Lys?5s 30 npTHrP(1-34)NH,; [Cha’s 8, glu22s 25/ 29  71,ey423, 28,
31, 1ys26s 27: 30 npTHrP(1-34)NH,; [Cha’r 8 22/ 23 g1yu25,

28, pLeu?8r 31, 1yg?6:30] hpTHrP (1-34)NH,; [Cha’r 8, Glu32/

4

35 25/ 29 pey?3s 28, 31 pys26.30) hpTHrP(1-34)NH,; [Cha’’ 8,



Alerr] is Leu,

Alerr] is Phe, Qu, A b, or Cha; 25 Alerr] is Phe,
Leu, Lys, or Cha; Alerr] is Leu, Lys, or Cha;
A[err] is H or du; Alerr] is H's, Ab,
Lys; Wo sk Alerr] is Leu, Lys, or Cha; /US96/11292
Alerr] is Ile, Leu, Lys, or Cha; Alerr] is Al a,
A u, or A b; Alerr] is Qu, Cha, A b, or Lys;
Alerr] is Ile, Leu, Cha, Lys, or deleted; o - Alerr]
is Hs or deleted,,3 Alerr].is Thr or del eted;
VO 97/ 02834  Glu?2 35, Leu?ds 28, 3, 520 Ia;s"’s']3 O IhPRETPUSIB4 )1 DEH2
-7-h ( Rerr] [Cha+ 8, Gluzz'Q\Féf 2P, Iﬁzéﬂi’a & ) gibéii?z 31, JRPTHEP (1- ]
each o err 7,ngle ntsyzd—l 230280 rady a agé/,, gIr
phenyl al kyl , @ﬂz a c?ha al k Ipéﬂ%err gdroxyal kylL 3&1 %[3

hydroxyalkenyl
hydr oxynapt hyl

Clerr] phenyl al kS’Eo

10

33

20

25

30

35

Ai b, or Cha; Alerr] is Arg or Aib;

, Lyszs'

:]-'3@ lﬁ&{fr d@shényl garét-

aPk)?P]hmereL—u) d pohy?ofe 3@1‘ a[tezz.] 25n@9 R £&d3. i 28,
COE[err] in whisgh £ iﬂ?’?‘ﬁrﬂf— YNH, ; ?Eex\.d 1qee_;r'r]c: ahkyh, thrLsal kenyl,

NH,; [Serl, Ile5, cha’s 11, Met®, asn®, Hisl4, Glu22/ 25,
29, Leu?3s 28, 31 1yg26, 27, 301nprHrp(1-34)NH,; [Ser?,

1s14 Leu?3s 28, 31 1425, 29, 1,yg26/ 301npTHrp(1-34)

Ile®, cha’s 1!, Met®, asnl®, Hisgl4, clu22s 25/ 29, poy23, 31,

Lys26s 28¢ 30)hpTHrp(1-34)NH,; Ser!, IleS, cha’+ 11, Met$,
311hPTHrP(1-34)NH,; [Ser!, Ile®, cha”' 1!, Met®, Asnl®,

Hisl4, Glu?2s 25, pey23 28, 31 429  pue26, 309 hPTHrP(1-34)

NH,; [Ser!, IleS, cha?sr 11, Met®, asnl®, His4, G1lu22s 25.
29, Leu?3r 28, 31, 1yg26  23jp3%] PTHrP(1-34)NH,; [Ser?,
Ile®, cha?s 11 22/ 23 pMet8, Asnl0, Hisl4, @lu25s 29, 1eu28:
31, 1Lys?S: 30 hpTHCP(1-34) NH,; [Ser?, Ile5, cha?r 11, 15,
Met®, asn!®, Hisl4InPTHrP(1-34)NH,; [Serl, Ile5, Met8,
asn?®, Leu!l, His¥, Aibl®)nPTHrP (1-34)NH,; [Ser!, IleS,
Met®, asni®, Leulls 28, 31, pigld, cna22, 23, gyu2s, 29,
Lys?6: 30JhpTHrP (1-34)NH,; [Serl, Ile5, cha?s 11, MetS,
asn?®, Hisl4, Glu?2/ 25, 29 reu23, 28, 31  1yg26, 30jhprhyp
(1-34)NH,; [Serl, I1le5, Met8, asnlC, His%, chal%, c1u2?
25, 29 peu?3, 28, 31  1,yg26, 30 1hprHrP (1-34)NH,; [ser?,
I1e®, cha’’ 8, Asnl®, Hisl4, Glu22. 25/ 29, peu23, 28, 31,
Lys?6s 301nPTHrP (1-34)NH,;[Glu?2s 25, 29 1ey23, 28, 31
Lys24, 26, 301npTHrP(1-34)NH,; [Aib22, Leu?3s 28, 31  g1y,25,
29, 1ys?5’ 30InPTHrP(1-34)NH,; [Glu?2r 29, Ley23. 28, 31,
2ib?%, Lys?6: 30JhPTHrP(1-34)NH,; [Glu?2: 25 29 peyu23, 28,

31, aib?®, Lys301hPTHrP (1-34)NH,; [Glu?2s 25, 29 yey23, 28,

Lys 26, 30, 31y hpTHrP(1-34)NH,; [Serl, Ile®, Met®, a=nlO,
Leulls 23, 28, 31 pigld, cha22, glu25s 29, Lys26. 30

hPTHrP(1-34)NH,; [Ser!, Ile®, Met®, Asni®, Leull- 28, 31,
His4, Glu22r 25, 29 71,23, 26, 3°]P’i.'1-fri’(i-34)NH2; [ser?,

or



napt hyl al kyl , C[err] hydroxyal kyl, C[err] hydroxyal kenyl, C[err]

hydr oxyphenyl al kyl , or C err] hydroxynapthyl al kyl; and 10 Rerr] is
OH, NHerr], C[err] alkoxy, or NHY-CHerr]-Z in which Yis a dJerr]
hydr ocarbon_noiety and Zis H OH CJerr]H or CONH2;

provi ded thXOYWOH4; | cast one of Alerr], Alerr], Alerr], PAEAISP§11292
Alerr], Alerr], Aerr], Aerr], Alerr], Aerr], Aerr], A[err] or Alerr]
S Cha, or at 15 | east one of A[err] A[err], Alerr], A[err], A[err],

Alerr], Alerr], A[err] A[err] , =ABD~ or A34 is Aib; or that «(ii) at
| east one of Ale [err A err] [err or. Aler 25 4/ Sy9 OF @
phar naceut i cal | o5 ' *&%‘é ]10 yhie h%gre\e ;JIran-ﬁe n%i}élé teht, 2%t | east

one of Al er nlys&hd 24 éPﬂ]hPWHﬁi’lﬁl-ﬂtﬂ)m@t heerigniTadsyenets atadrddst one 20
of Alerr] or A([g_.%r a}, i2g, Anb. Hl;pecr h@zﬁ&&ﬂnbes%)gézspeﬁ,l 865 Hryrepihe

just-recited f rrularncl gh not %ﬁ 28, 31

[ Cha[ er r | hPTHr P@1NB4; r\Hf%r r.] Il alfl%‘lr H] RETHLPLE é4) i Brrit, masdferr)
hPTHr P(1- 34) NH[GG.EIP?' 2Fﬁlﬁl@”f] Lys39r Pey rﬂﬂUﬁWWE’(-MWI)I [[Egerft, Ile®,

[ Al b[err] hPTHr %ﬁ"l 11,A12bl QBI]ﬁiPT hgﬂﬁ @8/ l29 [ gr.{eerf] 25

Ai b[err hPTHrP erry err A-i'b rr
[Chc[a[er]r] LeuPdbr Wé“r‘ﬁ'—]"“l §§é]r‘?=] tlrﬁar rP%lle%@‘N&éJhP Hr G-'u][err] ,

Leu[err] , Lys[:mNthTHrP(l 34)NH err]; [Cha[err] Qu[err], Leu[err]

Lys[err] hPTHr P(1- 34 Nﬁ[j%g%h Gex(r%&%’ﬂr? rorf] Ee LeLidindY URH acid,

Lys[err] hPTHr P(1- 34

Leu[ er r] hPTRP Pedl3abRppeiayions P@Hu[éi?]°rﬂbﬂ[SferlnEy%?%#ﬁ]ln this

gﬁg% gr” Egmr E(ﬂls&él):é&{-ersﬂand fc{rGthEaeirsti:ucﬂJ.ﬁié[ errr]—ml:gaa[uray r-%%- B 34)

NH2; [ Chal e&‘}‘f%l% ﬁ 1y ’[de[ %%H%(?’#%%&%ﬁ# Bg sl cgfﬁ f(’L:

Cha[err] Lys [ @&dg the N-termlnal amino acid, ‘the abbrev1at10n
stands for the structure of =N-CH(R)~-CO-, wherein R is a

1s side chain of an amino acid. pg-Nal, Nle, Dap, Cha, Nva,

Amp, Pal, and Aib are the abbreviations of the following
c-amino acids: p-(2-naphthyl)alanine, norleucine, a,8~
diaminopropionic acid, cyclohexylalanine, norvaline, 4;
amino-phenylalanine, 3-pyridinylalanine, and a-

20 aminoisobutyric acid, respectively. 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

25 phenylpropionyl. -

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

30 and Cha!! for Leu!! in hPTH). The abbreviation hPTH
stands for human PTH, hPTHrP for human PTHrP, rPTH for
rat PTH, and bPTH for bovine PTH. The numbers between
the parentheses refer to the number of amino acids
present in the peptide (e.g., hPTH(1-34) is amino acids 1

35 through 34 of the peptide sequence for human PTH). The
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[err]hPTHr P(1-34)NH err]; [Qu[err] ChaJerr], Lys[err],

hPTHr P(1-34)NH err]; [Qu[err], Lys[err], ] hCha[ eEr] " I\IHPPTHr P(1-34) NH e]rr] ;-
Ch L a Lye[err] hPTHr P( 1 er err
[Leu([algare;]r], G%%@HM -5 llfglgE(ra]rr] hPTH)r/pE 1-34)NH err]; [Chal er#‘%rmsfé/ﬂé
Guferr], Leu[err]] hPTH P(1-34)NH err]; [Cha[err] Leu[err] Glu[err]
Lye[err], Aib[err] hPTH P(1-34)NH err]; [Cha[err], Leu[err], Quferr]
Lys[err], Aib[err]hPTH P(1-34)NH err]; [Ciu[-err], Leu[err] Lys[err],

Aib[err] hPTHr p 1 34)NH err]eké(HLQEHr 10 Ly skerr% Leuferr], Aib[err]
hPTHr P( 1- 34) NEEE Apphcep G af pPTH (1-34y[ BPFFXPLYspo) ¢ bP (1-34)' and

Ai b[ err] hPTHr Per2a M- e) r dire Iidtaderin Nisschubr)rét dxyl @(dc]eptwﬁ[F)$rH r ]P( .
hPTHr P( 1- 34) NH erd, r -
34)J|;||Ir-|[((arr] )[ogag;bb fg%gﬁ]a[ﬁfé]iéeﬁ[gé‘rgﬁl’ S ’]fé"ﬂﬁwa‘* 234)NH err];
[Cha[err], 4G up8fifa E%u'["}é"i‘?]the Gyisrad F‘Pﬁ q- BQBM%rlls] amidakederr],
Auerr], Lys| em](t;grz})_eu{mrtl}.él&'f'ﬁi’td%( hafd) I\h%sra}frééi‘rh’dleg lt:]-teﬁnﬂi;@ée{]r]

L L rrls

Ablerr], Ki[s[ere?]r] hp#%'l *HE Beptiagd g’f‘éﬁ ipfelitibh] e qreBlerer ]|
Lys[err], Aib[@fr phpmnipting h%éﬂ’Nl"lF@ borpaierd sukdegtedi} e e[ err],
Lys[err], hﬁihh&ilsﬁéh a&{aﬂhﬂmaﬂZQhahent} Lenigey rit iQ ukefal in
Lys[err] hPTHr Pgﬂ éi % os ﬁér% rgfli‘]{}q‘:’['t]l.lr when

Lys[err] hPTH P(1- NH err ulerr

Lys[ er r | hPTRf peER %ﬁr? Furee F%erlth aqR%ﬂ%§PFPt1¥@b[err]
Lys[ err] hPTH PtheBdpi erg], hisdptosphbnatesGhing ecEEEJ]czlndi{ielr.r]
Leu[err]hPTHrP(l 34) NH% peptgggg[gfréhls fH#% ﬁhanggLeﬁ pré@@ﬁé%rﬁh’

Al b[err] hPTHrP(1-
the form of pharmaceutically acceptable salts. Examples

of such salts include, but are not l;mlted to, those

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

20 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

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

30 by intratracheally) to a subject. The pill, tablet, or
capsule that is to be administered orally can be coated
with a substance for protecting the .active composition
from the gastric acid or intestinal enzymes in the
stomach for a period of time sufficient to allow it to

35 pass undigested into the small intestine. The



34)NH2; [Cha[err], Qu[err], Leu[err] Lys[err], 30 hPTH P(1-34)NH err];

[Cha[err], GQu[err], Leu[err] Lys[err] hPTHrP(1-34)NH err]; [Chalerr],
Leu[err] , Qu[err] Lys[err]hPTHrP(l]-34% (I\:IL-IZ[ [_C]fla[%rr] Auferr]
Leu[err], r]hpTHrP(1-34)NH err]; alerr uf er

Lys% err% hPﬂS#W{"SL) ﬁH[ erﬁ] ; [%:ha[ err], Guf[err], 35 L@G[TbFP‘f’lnglys[ err]
hPTHr P(1- 34) NH2; [Cha[err], WO 97/ 02834

PCT/ US96/ 11292 : - 9- AQuferr],
Leu[err], Aib[err] , Lys[err]hPTH P(1-34)idNH err]; [Cha[err] dQuferr],

, L hPTHr P( 1- . NH[ [Ch dad r Leu[err]
Cyalorr], A bl EREFaPeUtHbTRPMROBAEAFRY COT 3160 (AT RFCESTRIF & Leuforr] |
Lys[err], 5 bmsaee(:aasuwr& ricAbdpdegtaddbld esudtained| Eélé?vi?[ .

L hPTHr P err
AZ?I%EH% Hi g[gg)r iﬁiﬁﬁ err‘Tr [%‘ifo}\?:&ﬁ%ou &eﬁ{ I}]ﬁﬂlﬁ%%h?% 3 NH[err]
[Ser[err], ||eﬁéwrls%mz'fhﬁm1 Seeu [ er ¥ty { BFYents 3273191\ and ]
Leu[err], Lys[er,rEhPg2e Pfﬂd @@’ﬁﬂlﬂb@l&ba}:i&erlﬁ@l "o bQ/h.bSéﬂr] Chalerr],
Met Asn e

e ey by Rﬁﬁ L i b e ecaspievna wained
Asn[err], Hi s[dPplantabie 9y extexpalrpumpe(g«fr/] INFUSAID™ pump).

administration can also be conducted intermittently,

e.g., single daily injection, or continuously at a low
10 dose, e.g., sustained release formulation.

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

15 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

20 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.

25 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
30 disclosure in any way whatsoever. Further, all

publications cited herein are incorporated by reference.

Structure '

PTH(1~34) has been reported to have two
amphophilic alpha helical domains. See, e.g., Barden, et



hPTHr P(1-34)NH err]; [Ser[err], lle[err], ChaJerr], Met[err], Asn[err]
His[err], GQu[err] Leu[err], Aib[err], Lys[err]hPTH P(1-34) 15 NH err];

[Ser[err], Ile[err], Chalerr], I\/EtEerg]jNﬁ[sn[e]rr][SHi[s[er]r] Gu[lelrr], |
Leu[err], L Aib[err] PTH P(1-34 err]; erferr elerr],
Cha%err}, I\/ﬁ‘%g{/ﬁz}?‘%n%err}, His[err], Qu[err] Leu[err]PCT ’US%’“”;
Lys[err] hPTH P(1-34) NH err]; [Ser[err], lle[err], Cha[err] Met[err],
Asn[err], H s[err] hPTH.P(1-34)NH err]; [Ser[err],.lle[err], Met[err], 20
Asn[err], Leu[err], His[err], Aib[err]hRTHER (1-34)NH err]; [Ser[err],
[le[err] NEt[err] Asn| err; Leu[err], H s[err], Cha[err], GQu[err],
Lys[ err] hPTHr p 8X-1- C?H-PRHFEM] Z{Ue?ﬁ e(r1r9]92)l I e[l'berﬁ.rs{ma{-éxerl]lx Wet [ err]

Asn[err], H s| @drmedCloakeeth, ahind @idild ressbebs] EPJHA%gh 1@1 gﬁ
ﬁferr]

[ S | [er N

[LeﬁHarer]r], Lys[eEarr% ]gﬁfggb E f’é}l}ﬁsﬁ[ ﬁlllﬁe[dséf%‘gﬁ’}‘ aminic Iar?[lgrf"' S1

Asn[err], H s[ & [ehrgugheep} L%Q}feerne]ptlder:sygreth;hra‘mam(mns@wpénr]

E}G uferr], Leuftger ]subgthigﬁféﬁ Lﬁﬁi&%&ﬁ?ﬂ@%ﬁ:ﬁhi L}r&ﬂ Al el ﬁgf.g: H

er I

Lyg%gm hPTHr P&G gﬂef%; ‘?errﬂ ‘1; L‘r"[fe?'r‘*i i 5‘;&3 b[ee'%r']' ?e??ﬁthTHrP

(1-34)NH err] U[eithin theg érlirFt a~hedivred ChHadTHaRY IC Ni2thfifer[err],

[le[err], Met[ enel se&aﬁ{ie&q];ehx, I[_eu[err] Hi s[err], Cha[err] €] x[sﬁ{re]rr]

L hPTHr P( 1- H r €

Lgﬁ%g”} 35 H s er§ 4}&(Lazﬁe’r éE §f {"l? %’ﬁ-’lr‘ﬁ("%["? kltfe?? '“”[ br9ferr ],

WO 97/ 0283410 P H(1-34) with the subst:r.tutlon of Aib oW &@Sgesidne?
adjacent to the a-helixes, e.g., Aib1®, Aib!?, and Aib3¢;
harg?? and Nle®!, or the substitution of Dpa for the N-

terminal residue.

Synthesis
1§ The peptides of the invention can be prepared by

standard solid 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
[Aib3%)hPTH(1-34)NH, was prepared. Other peptides of the

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

The peptide was synthesized on an Applied
Biosystems (Foster City, CA) model 4302 peptide
synthesizer which was modified to do accelerated Boc-

25 chemistry solid phase peptlde synthesis. See Schnoize,
et al., Int. J. Peptide Protein Res., 90:180 (1992). 4~
Methylbenz-hydrylamine (MBHA) resin gPenlnsula, Belmont,
CA) with the substitution of 0.93 mmol/g was used. The
Boc amino acids (Bachem, CA, Térrance, CA; Nova Biochen.,

30 LaJdolla, CA) were used with the following side chain
protection: Boc-Arg(Tos)-OH, Boc-Asp(OcHx1l)-OH, Boc-
Asn (Xan)-0OH, Boc-Glu(OcHx1l)-OH, Boc-His(DNP)-OH, Boc=-Asn-
GH, Boc-Val-OH, Boc-Leu-OH, Boc-Ser~OH, Boc-Gly-OH, Boc-
Met-OH, Boc-Gln-OH, Boc-Ile-OH, Boc-Lys(2ClZ)-OH, Boc-



- 10 - Ile[err], Met[err], Asn[err], Leu[err] H s[err], Quferr],

Lys[err] hPTHrP(1-34)NH err]; [Ser[err], lle[err], Met[err], Asn[ferr],
Leu[err], His[err], GQu[err], Lys[err] hPTHrP(1- NH err]; [Ser[err],
Ile[err], Met[err Asn[err], Leu[err], His[err], 5 du[err], Aib[err],
Lys[err] hPTPPIBH4)NH err]; [Ser[err] , Ile[err], MVetBEYS961B N[ err ],
Leu[err], H s[err], GQu[err], Lys[err], Aiblerr] hPTH P(1-34)NH err];
or [Ser[err], lle[err], Met[err] hPTH P(1- JNH err]. Wth the
exception of the N-term nal am no acid, -1¢ all abbreviations (e.g. Ala or
Alerr]) of amno acids in this di scl osure stand for the structure of

-NH CH(R) - CO-, Ser(Rrd) cPl, Fand RposiTap (EmhroHof The syntbeatsdwas. g., CH3 for

Aa). For the Nar@iBaneht sk NP Mgl mmbhesabs eVimid ®dc grehasisetdr the
structure of = e cha| n of an am no aci d.

R 5
[err]-Nal, N e, eB&éf acf’r’?é tm%{eenlt Rﬁﬁhsﬁg?% gsﬁj R 2ae 1t IR abBRKi at i ons
of the fol I ow mguno achds n(2 ftimiwl) frere] pte-adyivatingld) ahahlmﬂzunm Ioeum ne,
a, [err]h ld: aﬂ%mypaa@lm;c amdimzly%gotﬂ%ﬂléﬂ %?iﬂ‘%ndggléiség' L& |c aci d
a :
?Q”SBSCE’ i \e/g?/ya M Bta%’%?e‘ ‘%%Fr’rglza lﬁ%‘?g% ﬁﬂp’clﬁﬁa}-’ﬁﬁw | -al kyl ,
and hydroxyﬁ&éht- hyq:mmlﬁnqmn@@nwarq 5-mimheckcepy forstbetBocremits- Al so,
COE[ err] st andenf aha- €. f¥idwin gE%égﬁhﬁé %c-Aanxini[-Sﬁr]wﬁéaCéme but

are not lim teggps S?@éf’di%cﬁai&}dfsﬁé’ % B{é,)pl onyl A peptide of

this invention anot her format, e.qg.
[ Chal[ er r] hP¥#( 1- 34) NHR&r Ehe end hof che assepblyt of et.:harpaptlzda d-hainpm t he

natural sequenefieptasss was tﬁrema Wiensecanhtieh oF Bpackets (e.g., Cha7
for Leu[err], 30 _and err.] r [err n hPTH;% The, abbrevi ati on hPTH
stands for hunBRFEAPEOH /f:‘xg% Hgﬁg T’hﬁ?fqu? gP min, ko pgmovgng HPTH
for bovine PTH‘.thEFhBNPiLBMIB dyetthecHis side giwmisnt hBhesNreéeminal tHoe nunber
of amino aci dsgroupr¥se then refRveaPby derdferint WRETH( 1084)THS £8P BOyaci ds 1
15 2 min. After neutralization.of the peptide-resin with
10% DIEA in DMF (1 x 1 min.), the formyl group on the
side chain of Trp was removed by treatment with a
solution of 15% ethanolamine/15% water/70% DMF for 2 x 30
min. The partially-deprotected peptide-resin was washed
20 with DMF and DCM and dried under reduced pressure. The
final cleavage was done by stirring the peptide-resin in
10 mL of HF containing 1 mL of anisole at 0°C for 75 min.
HF was removed by a flow of nitrogen. The residue was
washed with ether (6 x 10 mlL) and extracted with 4N HOAc
25 (6 x 10 mL).
The peptide mixture in the agueous extract was
purified on a reversed-phase preparative high pressure
liquid chromatography (HPLC) using a reversed phase
Vydac™ C;g column (Nest Group, Southborough, MK). The
30 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% agueous TFA; Solution B = acetonitile
containing 0.1% of TFA). Fractions were collected and
checked on analytical HPLC. Those containing pure
35 product were combined and lyophilized to dryness. 62.3



35 through 34 of the peptide sequence for human PTH). The WO

97/ 02834 PCT/ US96/ 11292

- 11 - sequences for hPTH(1-34), hPTHrP(1-34), bPTH(1-34), and
rPTH(1-34) are |isted in N ssenson, et al., Receptor, 3:193 é1993) The
desi gnat i onWOH41 " in PTH(1-34)NH err] i ndi cat es t EETVYSA¥IB% of ni nus
of the peptide is amdated. 5 PTH(1-34), on the other hand, has a free
acid Cterm nus. Each of the peptides .of the invention is

capabl e of sti Iatln r 0, ect (L.£...4a

mamal such as™3 # r&lﬁ‘"b’a @r?tl%d ’fﬁﬁs {’T’?”‘f% us@f’ﬁll%yjnwas %%%gtl?aésaﬁdhent of
ost eoporosi s and ke ticek BRES anaiyste adBlectro-sgrayonassr eoncurrently
with antiresor efaéa@:omeﬁe&eraaﬁwsasggavblﬁwmmh%wamgnﬁaéelim .

The peptides oflghés |nvqﬂ% A C%ﬂe af@é&’égajm ﬁecul Qe ?éﬂlOf

phar maceut i cal | y A suc ude, but
are not I|n1¥e€°$©~7khose 15 forned mnth organi ¢ aci ds (e g., acetic,

laC{1 ic, rrﬂei c, lCIi'hecfsgl,vﬁﬁM@ls aﬁ@lﬂﬁkﬁfléﬂﬁﬁéﬁllcﬁf W@ihhpm d
(o g hyar oonfbrt £ 28, RPETpa “buf R thelHaih. mangef (4 AHg oBEve’
pol ymeric aC|dQYch%FiStQ§1dﬁéhéﬁlkﬁﬂﬁﬂ11%40§szné¥h91PRR&QQHadbémlpelyIactlc
pol yglycolic, acid Boc-Cha-OH was purchased from Bachem, CA. The
10 purity of the final product was >98%, and the electron-
spray mass spectrometer gave the molecular weight at
4197.0 (calculated molecular weight is 4196.9).
The full names for the abbreviations used above
are as follows: Boc for t-butyloxycarbonyl, HF for
15 hydrogen fluoride, Fm for formyl, Xan for xanthyl, Bzl
for benzyl, Tos for tosyl, DNP for 2,4-dinitrophenyl, DMF
for dimethylformamide, DCM for dichloromethane, HBTU for
2-(1H-Benzotriazol-l1-yl)~-1,1,3,3~-tetramethyl uronium
hexafluorophosphate, DIEA for diisopropylethylamine, HOAc
20 for acetic acid, TFA for trifluorocacetic acid, 2Clz for
2-chlorobenzyloxycarbonyl and OcHxl for O-cyclochexyl.
The substituents R; and R, of the above generic
formula may be attached to the free amine of the N-
terminal amino acid by standard methods known in the art.
25 For example, alkyl groups, e.g., C;.;; alkyl, may be
attached using reductive alkylation. Hydroxyalkyl
groups, e.g.,
C,.1» hydroxyalkyl, may also be attached using reductive
alkylation wherein the free hydroxy group is protected
30 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 egquivalents of both the free
acid and diisopropylcarbodiimide in methylene chloride
35 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—-



or copolymers of polylactic-glycolic acids). A therapeutically

ef fective anount of a peptide of this invention and a pharmaceutically
acceptabl e carrier substance (e.g., magnesium carbonate, |actose, or a
25 phospholipid with which the therapeutic conpound can form a m cel | e)
t oget her foMR¥Hér apeutic conposition (e.g., a pill, PCIAS11292,hsy) e,
or liquid) for adm nistration (e.g., orally, intravenously

transdermal |y, pul nonarily, vagi nal I'y155'ubcut aneously, nasally,

[ t h ti ' | t [

Lobl or Cor | etgbodipniiy HorbBIERS AR khbn 008 SlhGly <HB1E Be
With a subst ari?ﬁ?ﬁf‘-‘(weﬁr HiEht ?ﬂga@‘i‘]’e“éﬁlallvé Eﬁﬁ%s?ﬂ’dﬁlentﬁr 8f EPRT gastric
acid or intestinal ergynwes paptides ofstwigicinventisnpeahobe qirépalf%d

\S/\g glwcbggg 4t 0 J‘:’H la%wa.nalogogg R%?Eef‘ r]odﬂ %efagggo HSP ﬁﬁ%g% ff} GSt Ine. The

- 12 - tshethep@rti.c conposition can also be in the formof a
bi odegradabl e or nonbi odegradabl e sustai ned rel ease formul ation for

subcut aneous (3; igt,ramisgul ar adm nistration. See, e.g., US. Patents
3,773,919 and PCT Application No. WO 94/ 15587.
Conti nuous adrdniBinaangokocBEH BReeenfeTachi eved usi ng an ,

The peptides of the invention were tested for

their ability to bind to the PTH receptor present on

16 Sa0S~-2 (human osteosarcoma célls). Sa0S-2 cells
(American Type Culture Collection, Rockville, MD; ATCC
#HTB 85) were maintained in RPMI 1640 medium (Sigma, St.
Louis, MO) supplemented with 10% fetal bovine serum (FBS)
and 2 mM glutamine at 37°C in a humidified atmosphere of

15 5% CO, in air. The medium was changed every three or
four days, and the cells were subcultured every week by
trypsinization.

Sa0S-2 cells were maintained for four days until
they had reached confluence. The medium was replaced

20 with 5% FBS in RPMI 1640 medium and incubated for 2 hrs
at room temperature with 10 x 10% cpm mono-1251-[N1e8/18,
Tyr34(3-1251) ] bPTH(1-34)NH, in the presence of a
competing peptides of the invention at various
concentrations between 107'!M to 10”4 M. The cells were

25 washed four times with ice-cold PBS and lysed with 0.1 M
NaCH, and the radioactivity associated with the cells was
counted in a scintillation counter. Synthesis of mono-
1257.[N1e8-18, ryr34(3-1251)] LPTH(1-34)NH, was carried out
as described in Goldman, M.E., et al., Endocrinol.,

30 123:1468 (1988).

The binding assay was conducted with various
peptides of the invention, and the ICg, value, (half
maximal inhibition of binding of mono-1251-[N1ef:18,
Tyr34(3-1251) JbPTH(1-34)NH,, for each peptide was

35 calculated.



I npl ant abl e or external punp (e.g., INFUSAID err] punp). The

adm ni stration can al so be conducted intermttently, e.g., single daily
i njection, or continuously at a |low 10 dose, e.g., sustained rel ease
formul ati on. The dose of a peptide of the present invention for
treati ng théeV@8%B34enti oned di seases or disorders varies PCTESEMEM2ng upon
t he manner of adm nistration, the age and t he body wei ght of the

subj ect, and the condition of the 15 subjgtt-to be treated, and ultimtely

will be decided b the_attendin hysicign qr veteriparian., ,
Al so contenpl at edywi t Ht%h Spﬁ’gns&{jpgg’gfe %/]h'i al °r'fn\t7§ﬁt'f“5?1€?é RS e

covered by thehadowrehfghebinding fafifiimi&yf 6orutize iRTH meseptgrdosetbes or

di sorders 20 agg@glatgdiyith deficiency in bone growth or the Ilike,

e.g., osteoporgsis.qQr fragctures. O her_ feat.ures and advant ages
of the present B+ Sitg%}‘&rlu??’o‘?f' vﬁqslp‘dﬁé‘y?}ﬁﬁﬁr gﬁFlT?%rﬁ‘itﬁé’i&é’t ai | ed description
and fromthesclains. ThHeSability of the gidémtidessofi pheohnwvéntim Iboventi on

Based on the deg@hicR! hopiSfdfidhl HaGpBheachh saod-Y @hil@NwesB be utilized
toits fullest extent. Th fol | .ow gﬂ specific ,ex:i_ l.es are to be

The
construed as ndegpyred.; | Morg SREGAE 1CRLAYNnoRNY | Hi it % ofhEPeenmi nder of
t he 30 di scl osadenylataycyelaseshatvweasedeterfinefddry measuringulthiecdevehs cited

herein are ince,rfp%&ﬁtcﬁdspy S£1 QN (RdenosPhe Us! B &monophosphabéli( 4534) has
Deen rePOr 68 LAY Eel BrevadIPHY Rogad, POE JE!, S {9 Bivest®™: © 9
Bar den, et ’ '
72: 1511 (1983) and Goldman, et al., Endocrinol.,
123:1468 (1988). Confluent SAOS-2 cells in 24 wells
plates were incubated with 0.5 pci [3H]adenine (26.9
Ci/mmol, New England Nuclear, Boston, MA) in fresh medium
15 at 37°C for 2 hrs, and washed twice with Hank’s balanced
salt solution (Gibco, Gaithersburg, MD). The cells were
treated with 1 mM IBMX [isobutylmethyl-xanthine, Sigma,
St. Louis, MO] in fresh medium for 15 min, and the
peptides of the invention were added to the medium to
20 incubate for 5 min. The reaction was stopped by the
addition of 1.2 M trichlorocacetic acid (TCA) (Sigma, St.
Louis, MO) followed by sample neutralization with 4 N
KOH. CcAMP was isolated by the two-column chromatographic
methed (Salmon, et al., 1974, Anal. Biochem. 58, 541).
25 The radiocactivity was counted in a scintillation counter
(Ligquid Scintillation Counter 2200CA, PACKARD, Downers
Grove, IL).
The respective ECgy values (half maximal
stimulation of adenylate cyclase) for the tested peptides
30 were calculated and shown in'Table I. all tested
peptides were found to be potent stimulators of adenylate
cyclase activity, which is a biochemic¢al pathway
. indicative as a proximal signal for osteoblast
proliferation (e.g., bone growth).



WD 97/ 02834
13 - al ., Biochem, 32:7126 (1992).
bet ween am no acid residues 4 through 13, while
fornmed between amino acid residues 21 through 29.
i nventi on cOMO&V/P834 t he substitution of Cha for one
W thin or near these two regions of PTH(4-34),
Chal[err] within the first a-helix or
second a- hel i x.

e.g.,

So
or.

PCT/ US96/ 11292
The first a-helix is
the second a-helix is

nme tides of this
rm&éﬁp Wenpde s
Cha7 and

w | and.Chal[err] wthin
Al so covered by this inventi'on are variants of

f or ned

t he

10 PTH(1-34) wtirthe SUDSTITUTT O 0T A D Tor a resu‘iue,cd dl aeihwnt O] t he
a-helixes, e.d_ Aibler I i il
N e[err], or tig.su ﬁﬁﬂﬂgﬁhhon of Dpa for the N termagpal resi due.
$ynt hesi s +he—peptt-des—of—te—t+rventtomrecan—be—prepared—by
Standard sol i d [PHWEHEYNResi s. See, e.g.. Stewart, JOM . bt af® . sblid
Phase Syntheglqqgﬂmgﬁggmggen1cal Co. , 2d ed. 1984}. The followwng i p a
description of < er-HPHE= 34)Nhlc||1 WaS{pTepar et CtHeT
peptides of tHdMNID®iR Niban be prepared in an ahal oYBus fmnndér byl a
person of ordiqaﬁymﬁhhhbmﬁn the art. The eptdde whs synt hepi zed
on an Applied —CrtyCA—TTode— 304 R EP! e
synt hesi zer whiEH BRIt i ed t0 do accelerated Bacd 25°Rhe stry solld
phase pepti de |sxs6aaasonEgee Schnoi ze, 0.004 o7
10 | [ABIRPTHQ-34)NH,; 0.005 0.6
[AIHEPTH(1-34)NH5; 0.007 3
[Nie3}JhPTH(1-34)NH 0.004 0.7
{hArg2 |hPTH(1-34)NH, 0.007 1
[Dap, Nie® 18, Ty=34nPTH(1-34)NH, 0.150 10
15 | {Cha?% 28, 31, 1ys301PTH(1-3)NH; 05 7
jcna” 11, NieBs 18, Ty nPTH(134)NH, 0.006 06
[Cna” 11, NieB: 18, Aip16 19, Ty P4 nPTH (1-34)NH, 0005 15
[Cha” 11,NicB: 18, 31, Ajp16: 19, Ty 3nPTH(1-39)NH, 0.04 4
[ChallJhPTH(1-34)NH, 0.005 2
20 | [Cha®® 3WPTH(1-34)NH, 0.06 ?
[Cha”» 11, NieB> 18, A3 PTH(1-34)NH, 0.03 15
[ChalS)hPTH(1-34)NH, 0.005 13
{cha®11, AiloPTH(1-34)NH, 0.007 05
[cna? 11, AiblOJhPTH(1-34)NH, 0004 11
25 | 1aib!6 PLpTH(-34NH, 0.004 0.6
JAIb12JhPTH(1-34)NH, 0.005 2
[AibSJhPTH(1-34)NH, 0.004 11
[Cna? 11, Aib?%, Lys3OjhPTH(-3ONH, 0.004 2
[Cha”JHPTH(1-34)NH, 0.02 23
30 | [Cna?*28 3YnPTH(1-34)NH, 10 30
[ATAnPTH(1-34) 005 3
[Cha 1 L15]LPTH(1-34) 001 14




et al., Int. J. Peptide Protein Res., 90:180 (1992). 4-

Met hyl benz- hydryl am ne (MBHA) resin (Peninsula, Belnont, CA) with the
substitution of 0.93 mmol /g was used. The Boc am no acids (Bachem CA,
Torrance, CA; Nova Biochem, 30 LaJolla, CA) were used with the foll ow ng
si de chai n WO%0ZBect i on: Boc- Ar g( Tos) - OH, Boc- Asp( CcHx| PCEYSGiH22

Asn( Xan) - OH, Boc-Q u(OCcHxl)-0OH, Boc-Hi s(DNP)-OH, Boc-Asn- GH,

Boc- Val - OH, Boc-Leu-OH, Boc-Ser-CH, Boc-d y-0OH, Boc- Met - OH, Boc- d n- COH,
Boc-11e-0OH, Boc-Lys(2ClZ)-0OH, Boc- - 19 - WO 97/ 02834

PCT/ US96/ 11292 - 14 - Ser (Bzl ) - OH,

‘and Boc-Trp(Fm-CH The synt hesi LtlEx Emboddmentd out on a 0.14 mmol scal e.
The Boc groups vere g e‘EBVBQ WYadF SR SE Hna § iiQOEﬁJ%J 1%nx 1 mn.
4

Boc am no_aci ds ng wer e gre act,l vat e EJ 5 mmol)
and DI EA (1. 0PAF) bpandesc ™, RENIBPEE BT thederadieq r| or

neutral i zat i odestriptipepthetmafhsithatFthe fexegoinguiescrgptionsisere 5 nmin
except for shanﬁeﬁaﬁabto :,u%@&ctet Bﬁdf Bb{:oi‘hﬁ'ﬂt "Gl %%peBeE g(Xan) - OH,

wher ei n cou 20 end of the
assembly of tI’rE"BBgé-PEe %’a‘?"h is detfPrEePe?Ynt%ss‘f?%t"@dtRFt aPReRPYt | on of
20% mer captheatikanol 0iRés Ridpkats, DhBvantades, hdrimedifdcathons are

within the claims.




the DNP group on the His side chain. The N-terminal Boc group was then
renoved by treatnment with 100% TFA for 2 x 15 2 min. After neutralization
of the peptide-resin with 1 [ Xx 1 mn.), the fornmyl group
on the side chain of Trp mgmmﬂlmmﬂﬂ ment with a sol ution of
15% et hanol YR #)2$¥o, wat er / 70% DVFcf of 2vx 80 *  m n. The PCT/US96/11292

partial |l y-deprotected peptide-resin was washed 20 with DMF and DCM and

dri ed under reduced pressure. The final cleavage was done by stirring
the peptide-resin in 10 mL of HF contgpning 1 nL of anisole at O[err]C
for 75 mn. HF was renoved by a fl.ow of nitrogen. The residue was
washed with ether (6 Whap is)claimedxisacted with 4N HOAc 25 (6 x 10 nl).
The peptide m xture in the aqueous extract was purified on a
rever sed- phase preparative high, pressure | i qui d chromat ography (HPLC)
using a reversed phasg" SV Sggf‘g? 9t dh& TPTEYEBMM (Nest G oup,

Sout hbor ough, MA). The 30 columm was eluted with a |inear gradient (10%to
45% of sol ut®pon B over 130 min.) at a flowrate of 10 nL/mn
(Solution A = 0. M6 equs TFA; Sol ution B_ = acetonitile containing 0.1%

of TFA). Ffacti gﬁé’ PGPy SR R B A Aun - Ay ST HAP-RRITT.  Those

cont ai ni ng pur g 35 product were conbined and |yophilized to dryness. 62.3
WD 97/ 02834 2 PCT/ US96/ 11292

- 15 - AlG-A]_?‘Ala-Alg-Arg-Az l-Glu-Aza‘A24-Arg-LYS‘A27-A28“'Gln"

Azp=Aj31-Ajz3-A33-A34-Rj3,

10 wherein
A, is Ser, Ala, or Dap;
A; is Ser, Thr, or aib;
Ag; is Leu, Nle, Ile, Cha, f-Nal, Trp, Pal, Phe or
P-X-Phe, in which X is OH, a halogen, or CHj; _
15 A; is Leu, Nle, Ile, Cha, g-Nal, Trp, Pal, Phe, or
p-X-Phe in which X is OH, a halogen, or CHj;
Ag is Met, Nva, Leu, Val, Ile, Cha, or Nle;
A,; is Leu, Nle, Ile, Cha, g~Nal, Trp, Pal, Phe or
p-X-Phe in which X is OH, a halogen, or CH,;
20 A,, is Gly or Aib;
A;5 is Leu, Nle, Ile, Cha, f-Nal, Trp, Pal, Phe,
or p-X-Phe in which X is OH, a halogen, or CH;;
Ay¢ is Ser, Asn, Ala, or Aib;
A4y, is Ser, Thr, or Aib;
25 A;g is Met, Nva, Leu, Val, Ile, Nle, Cha, or Aib;
Aj9 is Glu or Aib;
Ay; is Val, Cha, or Met;
A,3 is Trp or Cha;
A,, is Leu or Cha;
30 Ag, is Lys, Aib, Leu, hArg, Gln, or Cha;
Apg is Leu or Cha; h
Ayp is Asp or Lys;
Az, is Val, Nle, Cha, or deleted;
Az, is His or deleted;



ng of a white solid was obtained. Purity was >99% based on anal yti cal
HPLC anal ysis. El ectro-spray nass spectroneter analysis gave the

nol ecul ar wei ght at 4054. Iml wi th the cal cul ated nol ecul ar
wei ght -of 5 4054.7). ﬂ“lm “'[Hﬂﬂﬂﬂt is and purification of

[ Cha[ er r ] hPYP97/028341 _ 34) NH2 *wa$ chrrfed odt in the same naRAEPS%41PRe above
synthesis of [Ai b[err] hPTH(1-34)NH2. The protected am no aci d Boc- Cha- OH
was purchased from Bachem CA. The 10 purity of the final product was >98%
and the el ectron- spray mass spectrangt er gave the nol ecul ar wei ght at

4197.0 (cal cul ated nol ecul ar weight is 4196.9). The full names
“for the abbreviati on®szgsksl 2ahower delgkedas fol | ows: Boc for

t - but yl oxycar bonyl , bjF fpg phe g Qoanpl | NoK] A& datelen;fornyl, Xan for

.Xxant hyl , Bzl for Tos r tosyl or I ni trophenyl DIVF

fof di nethyl f or mani d@‘a R 2R Fﬁ%f‘ﬁwe?ﬂ ?%enq%ﬁiyf'og Ci-12

2- (1H Benzot r azkpl; 16y} -dlKeryy 13- tdgt.ﬁ@rrétmwllallkmh; UM 1-20

hexaf | uor opflogRBeh&1ait r 'H}%ngﬂhc ghygar d ﬁ&,{ r acetic
? C ﬁA\ fdi %cid 2 ? 2 Tﬁnﬂ% oro }%/I o%car bonyl

acid, TFA for tr|f uoro
and OcHxl f or 20- or ‘ﬁ:nezcsdHSFPf‘&BﬁPE Rlerr] of

t he above genenécand cbm‘!mm:lr@ MyRQeaath@h@dcoﬁltm whigth &y Ae Of-jbhe N
termnal am ngiRgid t@ngg;};ﬂ _Qgspﬂg%lkplt I"% arg 25 For exanpl e,
Cj; ed US|

al kyl groups, | Kyl b reductive
al kzl atgl onIo ﬁ?ggi% 1) cigl%Jﬁ'gm‘%{y Tkyl, ‘é?rhﬁ’ W%%;’%ﬁ ;}1 Ic\l’;ﬁty al so

be attachetb uggp rtgyduroetucpheeylalleurkqun |Qm ;ymbwdrqumth}ebalﬂmfowdgr oup is

protected 30 with a i by Ven esﬁ}pr i’l AKRYRS : of - m,YQ@E[_@r hh wiHB¥nbe
attached by coupling he free a , E[err COOH,” to % he free am ne

of the N-ternfni$ %n?mza‘bY‘%FW’?ﬁ% ij’ltem! and n’rﬁé’twe(?HrreWan ®R 3 nol ar

equi val ents otoRmRi ) the free acid and dii sopropyl car bodi | mde in

nmet hyl ene chl ori de 3 llﬂﬂ” GXClhag resul re5| n t hrough
steps (a) to& in Bg;‘%%\gl/gtwasha@;hgear amO&’ o% ef G‘{\é’é k P17 Bis
187 A21' A23, A24, Az-,, Aza, and A31 is Cha, or at least

one of A;, Ajy, Ajg, B3, Ajg, Bjg, and Az, is Aib; or a
pharmaceutically acceptable salt thereof.

2. A peptide of claim 1, wherein at least one of
A7, All’ Als, A23, A24, Az-,, Aza, and A31 is Cha; or a
20 pharmaceutically acceptable salt thereof.

3. A peptide of claim 2, wherein
A, is Ser;
Ag is Ile;
A, is Leu or Cha;
25 Ag is Met, Nva, Leu, Val, Ile, or Nle;

A;; is Leu or Cha;
A,, is Gly;
A 5 is Leu or Cha;
A,¢ is Asn or Aib;

* 30 A;, is ser;
A,g is Met or Nle;
A, is val;
A,, is Lys, hArg, or Cha;
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acid contains a free hydroxy group, e.g., p- WO 97/ 02934
PCT/ US96/ 11292 T ) - - 15 -

hydr oxyphenyl propi oni ¢ aci d, shoul d be performed with
an additional 3 nolar equi vaI% Wll» ﬁmm l'g
this invent i WR%U¥Mbe prepare

O her peptides of

ous manner DRCTAUSHGIREN of
ordinary skill in 5 the art. Functi onal Assays A. Binding to PTH
Recept or The peptides of the invention were tested for their
ability to bind to the PTH receptor presepf.on 10 Sa0S-2 (hunan
osteosarcoma cells). Sa0S-2 cells (American Type Culture Coll ection,
Rockville, MD, ATCC Ag#HB BH; were nmintained in RPM 1640 nedi um ( Si gnm,
St. Louis, MO supgl nfé]tm WiNale, 18% Eghal bovine serum (FBS) and 2
M gl ut am ne at 37[err]" n.a hum di'fi ed atfhrosphere of 15 5% Cerr] in
air. The nedi um was ng%op‘ Bery three or four days, and the cells
wer e subcul tured ever%yveﬂ Phe, Tyhr,ypsppi aataidsy. Sa0s-2 cells
were mai ntaiged for fgurigags unti | they had reached confluence. The
medi um was repl aced 20 wih 5% FBS in RPM 1640 nedi um and i ncubated for 2
hrs s H; and

R3 is NHZ'

or a pharmaceutically acceptable salt thereof.

4. A peptide of claim 3, wherein at least one of
10 A, and A;; is Cha; or a pharmaceutically acceptable salt
thereof.

5. A peptide of claim 4, wherein said peptide is
[cha’ 11]1hPTH(1-34)NH,, [Cha’ 1!, N1eB®: 18, Tyr34jhpTH(1-
34)NH,; [Chall]hPTH(1-34)NH,; [Cha’/3%/15]hPTH(1-34)NH,; or
is5 [Cha7]hPTH(1-34)NH2; or a pharmaceutically acceptable salt
thereof.

6. A peptide of claim 3, wherein at least one of
Ayg, Bp3s Agy, Ayy, Ajg, @nd A;, is Cha; or a
pharmaceutically acceptable salt thereof.

20 7. A peptide of claim 6, wherein said peptide is
[Cha?®]hPTH(1-34)NE,, [Cha?%]hPTH(1-34)NH,, [Nle8s 18,
Cha?’)hPTH (1-34)NH,, [Cha?®]hPTH(1-34)NH,, [Cha3l]hPTH(1-
34) NH,, [Cha?%s 28/ 31inpTH(1-34)NH,; [Cha24s 2B, 31,
Lys3C]hPTH(1-34)NH,; (Cha?®s 3}]hPTH(1-34)NH,; or

25 [Cha15]hPTH(1-34)NH2; or a pharmaceutically acceptable
salt thereof.

8. A peptide of claim 1, wherein at least one of
Az, Byp, Byg, Az, Ajg, A9, and Ay, is Aib; or a
pharmaceutically acceptable salt thereof.
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at roomtenperature with 10 x 10[err] cpmnono-[err]l-[N e[err],
Tyr[err](3-[err]l)] bPTH(1-34)NH[err: I n the presence of a conpeting

pepti des of the invention at vari uumclmmmmm ions between 10[err]Mto
10[err] M The cells were 25 was RO\ h ice-cold PBS and | ysed

with 0.1 M WOKEZ and the radioactivity assbciated with RFESMARR a5

counted in a scintillation counter. Synthesis of nono- [err]lI-[Ne[err],
Tyr[err](3-[err]l)] bPTH(1-34)NH err] was ‘carried out as described in
Gol dman, ME., et al., Endocrinol., 30 123:1468 (1988). The

bi ndi ng assay was conducted with various pepti des of the invention, and

the I err] value, (h2f A pepbdidenlofi chabit8 prwhdrdiimdi ng of
mono-[err]l-[Ne[err]a, is Todd @ hGB:[err]1)] bPTH(1-34)NH err], for each
peptide was 35 cal cul & efl. . WO 97/ 02834

PCT/ US96/ 11292 Ag 1s Ile; - 17- As shown in
Table |, all of the tkstisl Imptord€ha; had a high binding affinity for the

PTH receptorg on the g B Met Covh, LeuB val MMt iRnnak;Adenyl ate Cycl ase

Activity 5 The™ ahi | ity of e.peptid'es of the invention to
I nduce a bi ol ogi cal r%@pdﬁsg“%‘n BatR2D cells were measured. More
specifically, any stinulation of the adenyl ate cycl ase was determ ned by

measuring the |evel A, is Leu or Cha;

Ay -is Asn or Aib;
A,z is Met, Aib, or Nle}

10 A,y is Val;
Ay, is Lys, Aib, Leu, hArg, or Cha;
A3, is Val, Nle, or Cha;
A5, is His;
Aj; is Asn;

is Ay, is Phe, Tyr, Amp, or Aib;
R, is H;
R, is H; and
Ry is NH,;

or a pharmaceutically acceptable salt thereof.

20 10. A peptide of claim 9, wherein at least one of
Aa, Alz, AIG’ AI?' Alg' and A34 is Aib; or a
pharmaceutically acceptable salt thereof.

11. A peptide of claim 10, wherein said peptide
is [AibS)nPTH(1-34)NH,, [Aib!°)hPTH(1-34)NH,,

25 [Aib*4JhPTH(1-34)NH,; [Aib6: 1°)hPTH(1-34)NH,;
[Aib3]hPTH(1-34)NH,; [Aibl7]hPTH(1-34)NH,; or
[aib?2IhPTH(1~34)NH,; or a pharmaceutically acceptable
salt thereof.

12. A peptide of claim 1 wherein at least one of
- 30 A,, All’ AJ.S' A23, A24' Az-,, Aza, and A31 is Cha and at



of synthesis of cAMP (adenosi ne 3',5" -nonophosphate) as 10 descri bed

previously in Rodan, et al., J. O | n. I nvest. 72: 1511 (1983) and

Gol dman, et al., Endocrinol. Confluent SACS-2 cells in
24 wel |l's | ates were i ncubat eumm lﬂﬂﬁ]ﬂ"“mﬂllo [err] H adeni ne (26.9

G /mml, Ne {0283 Nucl ear, Bostofi, MA)"irs fresh medi um PETASSHI?Brr] C
for 2 hrs, and washed tw ce vm' th Hank' s bal anced salt solution (G bco,
Gai t hersburg, MD). The cells were treated with 1 nM | BMX

[ 1 sobut yl net hyl - xant hi ne, Si gma, St. lgwis, MJ in fresh nediumfor 15
mn, and the pepti des of the invention were added to the nediumto, 20

i ncubate for 5 ¥kaast Pme pfadii dawad, st dppedAly, Bhe, andddjt isnabh; 1.2 M
trichloroaceti @G %h@&%):eﬁ@l Secceptabii §a1MMIndrAldeoved by sarrpl e
neutralization with 4 N &VP\Naswo | ated by the two-colum

chr omat ogr aphi c met hod (Sal rmn, et al., 1974, Anal. Biochem 58, 541).
25 The radioactivity w3 cdupepttide eaf sclaim |23t wherebnnt er (Liquid

Scintillation Counter QRCRer PAEKARD: Downer s G ove, IL). The
respective EC[ err] val es, (hil f maxi nal stinul ation of adenylate
cycl ase) for 5t he testetp £i8és 30 were calcul ated and shown in Table I.

Al tested pepti desA-,wereLéuuorl Caa pe potent stinulators of adenyl ate
cyclase activity, whi c;h 1S fePi og@gmﬁg# Rﬁdtlhm&xfé oF ec.at ive as a

roxi mal signal for osteobl ast ro ‘erati‘on dne growt h
P 9 nb Luorpha, g )

2,5 is Leu or Cha;

10 Ajg is Asn or Aib;
A;g is Met, Aib, or Nle;
Ay, is Val;
A,; is Lys, Aib, Leu, hArg, or Cha;
Aj; is Val, Nle, or Cha;

15 A3, is His;
Az3 is Asn;
A3, is Phe, Tye, Amp, . or Aib;
R, is H;
R, is H; and

20 Ry is NH,;

or a pharmaceutically acceptable salﬁ thereof.

14. A peptide of claim 13, wherein at least one
of A, and A;, is Cha and at least one of A;g, Ao, and Ay,
is Aib; or a pharmaceutically acceptable salt thereof.

25 15. A peptide of claim 14, wherein said peptide
is [cha’r 11, N1e®s 18, Aip1®s 19, Tyr341hPTH(1-34)NH,,
[Cha’s 11, N1eBs 18: 31, a3plé. 19 gyr341npTH(1-34)NH,;
[cha’s 11, aib!®JhPTH(1-34)NH,; [Cha’s 1, aib6]hPTH(1-
34)NH,; [Cha’r 11, N1e® 18, Aip341nPTH(1-34)NH,; or [cCha’’

30 1, aib?®, Lys®°InPTH(1-34)NH,; or a pharmaceutically
acceptable salt thereof.
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O her Enbodi nent s It is to be understood that while the invention
has been described in conjunction with the detailed description thereof,
that the foregoing descriptionis 5 intemgbed to illustrate and not limt

t he scope of the I nvention, which is defined by the scope of the appended
claims. Qther aspectsibadvareenjdsle afd chadpf L3 atvhereisr at lgasti anehe

clai ms. of Ay, Ayg, and Az; is Cha and at least one of A,g and A,,

is Aib; or a pharmaceutically acceptable salt thereof.

‘ 17. A peptide of claim 16, wherein said peptide
5 is [Cha?8, N1e® 28, ajipl6s 19, ryr34inPTH(1-34)NH,, Or
[Cha?®, Aib'®:1%] PTH(1-34)NH,; or a pharmaceutically
acceptable salt thereof.

18. A peptide of the formula:

R
10 J\
Al-Va])—A_; "Glu"As-Gln-A-] -Aa -HiS"’Asn-All-Alz -LYS-HiS"Als -
Ry

A15—A17-A18—A19—Arg-A2 l-Glu"A23-A24-Arg-LYS"‘A2 7"A28—Gln_

15 Azp—Az1—Ajx—Az3-A34~Rj,

wherein
A, is Ser, Thr, or Aib;
Ag is Leu, Nle, Ile, Cha, g-Nal, Trp, Pal, Phe or
p-X-Phe, in which X is OH, a halogen, or CHj;
20 A, is Leu, Ile, Nle, Cha, g@-Nal, Trp, Pal, Phe, or
p-X-Phe in which X is H, OH, a halogen, or CH;;
Ag is Met, Nva, Leu, Val, Ile, Cha, or Nle;
A,; is Leu, Nle, Ile, Cha, g-Nal, Trp, Pal, Phe or
p-X-Phe in which X is OH, a halogen, or CHj;
25 A;, is Gly or Aib; .
A, is Leu, Nle, Ile, Cha, g-Nal, Trp, Pal, Phe,
or p-X-Phe in which X is OH, a halogen, or CHj;
A, is Ser, Asn, Ala, or Aib;
. A;, is Ser, Thr, or Aib;
30 A,g is Met, Nva, Leu, Val, Ile, Nle, Cha, or Aib;
. ) A;p is Glu or Aib;
Ay, is Val, Cha, or Met;
A,3 is Trp or Cha;
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- 20 - . Wiat is clained is: 1. A peptide of the
EE\EE}:; ;\a/;:;ll A[v% '}mG u-Alerr]-GAn I“lm lll mluml]lums Asn- Al er rc] AS[9§I;1r2]92 Lys-Hi s

A[err]-A[err]-A[err]-A[err]-Arg-A[err]-GI u-Alerr]-Aerr]
-Arg-Lys-Alerr]-Alerr]-dn-

Alerr]-Alerr]-Aerr]-Alerr]-Alerr]-R ere]as -10 whérein Alerr]
is Ser, Ala, or Dap; Al e rr] Is Ser, Thr, or AiDb;
Alerr] is Leu, Ne, |Pes dchdeyexy Trp, Pal, . Phe or - p-X-Phe, in

which X is C]—I a hal oggf,ls)r];.y@-,l[ aib)l ; 1,&5 hArg, GlnA[ gi-r];hé§ Leu, Ne, Ile,

Cha, [err]- Tr p, pXPheln which X is OH, ahalogen
or CH3; E E"l\/E%% cRﬁa Leu, Val, Ile, Cha, or Neg;
I

Alerr] is Leu, Ne, 80 J(Ehésp[ @K‘rI-YNaI Trp, Pal, Phe or p- X-Phe in
which X is G a hal oggp.idPWalBNle, cha, or deleted;
A3, is His or deleted;
Aj3 is Asn or deleted;
Ay, is Phe, Tyr, Amp, Aib, or deleted;
each of R; and R, is, independently, H, C,.,,
10 alkyl, C,_;, alkenyl, C;_,, phenylalkyl, Ci1-20
napthylalkyl, C;_;, hydroxyalkyl, C,_3o hydroxyalkenyl, C,_
20 hydroxyphenylalkyl, or C;;_,o hydroxynapthylalkyl; or
one and only one of R; and R; is COE; in which E; is c,_;,
qlkyl, Co.32 alkenyl, C,_,5 phenylalkyl, Ci1-20
15 napthylalkyl, C;_;, hydroxyalkyl, Cy_j2 hydroxyalkenyl, C,.
20 hydroxy-phenylalkyl, or Cy1-20 hydroxynapthylalkyl;
Ry 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,, ;
20 provided that at least A, is Dap, A, is pg-Nal,
Trp, Pal, Phe, or p-X-Phe; A,; is p-Nal, Trp, Pal, Phe, or
p-X~Phe, A,y is hArg, or A;, is Nle; or a pharmaceutically
acceptable salt thereof.

19. A peptide of claim 18, wherein
25 A, is Ser, Gly, or Dap;
A3 is Ser or Aib;
Ag is Met, Nva, Leu, Val, Ile, or Nle;
Ay is Asn or Aib;
A;g is Met, Aib, or Nle;
30 Ayy is Val;
A, is Lys, Aib, Leu, haArg, or Cha;
A3, is Val, Nle, or Cha;
A3, is His;
Az3 is Asn;
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20 Al2 is Ay or Ab; _. Alerr]._is Leu, Ne, Ile, Cha,

[err]-Nal, Trp, Pal, Phe, or p-X-Phe in which Xis OH a hal ogen, or
CH3; Alerr] is Ser, m I Alerr] is
Ser, Thr, or Aib; 25 Mﬂlll" ﬂlﬂﬂ mﬁ Leu, Val, Ile, Ne, Cha,
or Alb; WOD97/02834 Alerr] is Gd of Arb;" A[er!?qwsgslvan, Cha,
or Met; Alerr] is Trp or Cha; Alerr] is Leu or Cha;
30 Alerr] is Lys, Aib, Leu, hArg, dn, aor Cha; Alerr]
is Leu or Cha; Alerr] is Asp pr_Lys; Alerr] is Val,
Nl e, Cha, or del eted; A32 is H s or deleted,;

-21 - A5, is Aftas,r fTyirs Asp, osr delkgt ed, :

Alerr] is Phe, Tyr, Aﬁglséulp or del eted; each of R[err]
and Rlerr] is, independently, H_Clerr] al kyl, Clerr] alkenyl, Cerr]

phényl al kyl , C[err] nBant®Hald®d | Jerr] hydroxyal kyl, C[err]
hydr oxyal kenyl CerrRy hj/sirNHyphenyl al kyI or (Jerr] hydroxynapht hyl al kyl ;
or ,one and qn ﬁ)c{]im[E]c%[ L ecggll r ich E[err] is
C[err] al kyl, %ferfﬁ a en;ﬁt]m%FqVR%s %enyk?l | ky % (%lglfre i‘é\’rr}apht hyl al kyl ,
Cerr] hydroxyal kyl, C[err] hydroxyal kenyl, C[err] hydroxy-phenylal kyl, or
C[err] hydroxynapht hyb_aL kyh; péprtide of claiﬁ[ 29} | wherdih é‘ﬂ:l[qeblébtiﬁi{aerr]
al koxy, or NH ¥z GHgrf1h Rpihic £03 ) ing, 2 (HhehP? ThetGa098mD & Vs,

N1et- 18, 'I‘yr34]hPTH(1—34)NH2; or a pharmaceutically

acceptable salt thereof.

10 21. A peptide of the formula:

N

Al-Val-A3 —Glu-As-Gln—A7—A8-His-A1°—A11—A12 “'LYS-A14"A15"‘

15 R,
A g=R19~A1g~ A 9= AXG-Arg-Ryy~Ry3=Ays~Rys~Ryg=Ryy~Ayg~
Agg=Azg=Az;=Azy~Az3=Azs~Ry
wherein

aA; is Ala, Ser, or Dap;
20 A3 is Ser or Aib;
A; is His, Ile, or Cha;
A, is Leu, Cha, Nle, g-Nal, Trp, Pal, Phe, or
p-X-Phe in which X is OH, a halogen, or CHj;
Ag is Leu, Met, or Cha;
25 A g is Asp or Asn;
A,; is Lys, Leu, Cha, Phe, or f-Nal;
4;, is Gly or Aib;
A,, is Ser or His;
A,; is Ile, or Cha;
30 his is Gln or Aib;
A, is Asp or aib;
Asp is Leu, Aib, or Cha;
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Zis H OH CJerr], H or CONHerr]; provi ded that at
| east one of Alerr], Alerr], Aerr], Alerr], Aerr], Aerr], Aerr],

A , A , A , A : i's Cha, t | t
of “aere), “Wetel ot ot NI I one iCer ) T o o

peptide is err], * Tyr[erm 34) NH2 arneCTussshies2
provided that Alerr] is not Aib when Alerr] is Tyr; or a pharnaceutically
accept abl e salt t her eof . _ 2. A peptide of
claiml, wherein at |east one of A[err],_%[grr], Alerr], Alerr], Aerr],
Alerr], Alerr], and Alerr] is Cha; or a pharmaceutically acceptable salt

t her eof . 3A;¢ 1s/Amepr ddoef claim 2, wherein Alerr] is
Ser ; Alerr] ixs lig; er s, Leu or Cha; Alerr]
is Met, Nva, Leu, Val ,Az?llf Tt et afhlT bk €rr] is Leu or Cha;

Al2 is dy; Ar5 1S Bhe, &eugndys, or Chajalerr] is Asn or Aib;
Alerr] is Ser; A, A=mdu, Lyt ofr chb g, Alerr] is Vval;

Alerr] is Lys, hArg, rzsq@;nis, aAib, or Glu;
Ay is His, Aib, or Lys;
A,; is Leu, Lys, or Cha;
A,g is Ile, Leu, Lys, or Cha;
Ayg is Ala, Glu, or Aib;
10 Azq i1s Glu, Cha, Aib, or Lys;
Ay, is Ile, Leu, Cha, Lys, or deleted;
A,, is His or deleted;
Az; is Thr or deleted;
Ay, is Ala or deleted;

15 each of R, and R, is, independently, H, Ci-12
alkanyl, C,_,o phenylalkyl, Cy3-20 napthyalkyl, C,_,,,
hydroxyalkyl, C,_,, hydroxyalkenyl, Ci-20
hydroxyphenylalkyl, or Ci1-20 hydroxynapthylalkyl; or one
and only-one of R; and R, is COE; in which E, is ¢;_4,

20 alkyl, C,_;, alkyl, c2_-12 alkenyl, C,_,o phenylalkyl, Ci3-20
napthylalkyl, C,_;, hydroxyalkyl, Cy.12 hydroxyalkenyl, C,_
20 hydroxyphgnylalkyl, or C;j;.po hydroxynapthylalkyl; and

Ry is OH, NH,, C;_;, alkoxy, or NH-Y-CH,~Z in which
Y is a C,_;, hydrocarbon moiety and 2 is H, OH, CO,H or
25 CONH,;
provided that at least one of A5, A,, Ag, Aj1, Agsy
A1gr Azps Bpzs BAyy, Ayq, Azg, Azg, Or Az, is Cha, or at
least one of Az, Ay, B, Ayq, A, A9, Agz, Ayg, Bgg,
Agg, Azg, Or Az, is Alb; or a pharmaceutically acceptable
30 salt thereof.

22. A peptide of claim 21, wherein at A,, is Phe
or Cha; A,; is Phe or Cha; A,; is His; A,, is His; Ay, is
Leu or Cha; A,g is Ile or Cha; A, is Ala; A3p is Glu or
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- 22 - Alerr] is Hs; Aerr] is Val, Ne, or Cha;
Alerr] is Asn; Alerr] is Phe, Tyr, Amp, or Aib; 5

Rlerr] is H Rl err] ismmm Rlerr] is NHerr];
o s prar gy acceotain o <ol JIRIMMIINTY "0 o pent e

phar maceutical |y acceptable salt t her eof . 5. A peptide of
claim4, wherein said peptide is [Cha[err] hPTH(1-34)NH err], [Chalerr]
N eferr] Tyr[err]hpTH(1- 34)NH err]; _[JSGhal[ err] hPTH( 1- 34) NH2;

[ Cha[ err] hPTH( 1- 34) NH2; or 15 [Cha[err] hPTH( 1- 34) NH[err] or a

phar maceut i cal Lys ackgptiabllzesartCha; tygr #9fHis; 233 is Thr; 4&nd Ajpepsi de of

claim 3, wherejfl, atg,l eé"%ha‘i%c@t;tlcaﬂ %c} %rlE] s @Le{:ﬁ% #}err] Alerr],
tica S e

and_Alerr] is a: or phar maceu y "accepta er eof . 20
7. A peptide of cIa|m6 wherein said peptide is
[ Cha err] hPTH( 1- 34) Nl—lgarr]A ﬁéibtaidﬁ dfhBIhifh- 32) Niherein gtNlehetrdne

Chaferr] hPTH (Jg 18 @al £rdd 3P Fg ?él ,N—gi&[ H PTH(I - '
NH[ err], [Chal er@%PTH( 1- 4) NH er’r] [ Chg e]rhrn d ysﬁﬂgr r %ﬁ%&igq NH[ err] ;.
[Cha[err]hP‘Fi—l(T=l &~ or 25 [Cha[err]] hPTH(1-34)NH err]; or
phar maceutical |y acceptabl e salt thereof.
24. A peptide of claim 22, wherein at least one of
Ay Or Aqg is Aib; or a pharmaceutically acceptable salt

thereof.

25. A peptide of claim 21, wherein A,, is Glu,

10 aib, or Cha; A23 is Leu, Lys, or Cha; A,; is Aib or Glu;
As is Aib or Lys; A, is Leu, Lys, or Cha; A,g is Glu or
Aib; Ajq is Cha, Aib, or Lys; A3, is Leu, Cha, or Lys; A,
is His; A33 is Thr; and A5, is Ala; or a pharmaceutically
acceptable salt thereof.

15 26. A peptide of claim 25, wherein at least one .
of A, and A,;; is Cha; or a pharmaceutically acceptable
salt thereof.

27. A peptide of claim 25, wherein at least one of
A;g Or A;g9 is Aib; or a pharmaceutically acceptable salt
20 thereof.

28. A peptide of the formula:

=\
A;-Val-A3-Glu-Ag=CGIln-A,-Ag-His-A;4=A,1~A 5-Lys—Aq,~A 15—
‘ 25 x
Ay1g=Ry7=R1g=R 1 g=ATY-AYg=Agy~Ay3~Ay~RAo5—Ayg=Ar;~RAzg™
Agg—RAzp~RAz1~R3p-A33~A3-R;y

wherein



8. A peptide of claim1l, mherein at Ieast one -of - A[err], Alerr], Alerr],
Alerr], Alerr], Alerr], and A i rmaceutically
acceptabl e salt thereof. /

accentani e sal Il IMHFFIH IIHHHIIIHIII 2

peptide of APMB4 wherein Al'ert] is Ser or AGHUSINI292

Alerr] is Ile; Alerr] is Leu or Cha; 5 Alerr] is Mt,
Nva, Leu, Val, Ile, or Neg; Alerr] is.Leu or Cha;
Alerr] is Leu or Cha; : Alerr]l 45s-Asn or Ai b; Alerr]:
is Met, Aib, or Ne; 10 Alerr] is Vval; Alerr] is Lys,
Aib, Leu, hArg, or Chay is Ala, Ser, AfePamp;is Val, N e, or Cha;

Alerr] is His; A, is SEL1dd dip;Asn;

A; is His, Ile, or Cha;
A, is Leu, cha, Nle, B-Nal, Trp, Pal, Phe, or
5 p-X~-Phe in which X is OH, a halogen, or CHj;
Ag is Leu, Met, or Cha; '
A;o is Asp or Asn;
a;; is Lys, Leu, Cha, Phe, or g-Nal;
A;, is Gly or Aib;
10 A4 is Ser or His;
A;5 is Ile, or Cha;
A, is Gln or Aib;
A;; is Asp or Aib;
Ajg is Leu, Alb, or Cha;
15 A;g is Arg or Aib;
Ay, is Phe, Glu, Aib, or Cha;
2,3 is Phe, Leu, Lys,.or Cha;
A,; is Leu, Lys, or Cha;
A,z is His, Aib, or Glu;
20 A, is His, Aib, or Lys;
A,,; is Leu, Lys, or Cha;
A,g is Ile, Leu, Lys, or Cha;
A,y is Ala, Glu, or Aib;
Aaq is Glu, Cha, Aib, or Lys;
25 A, is Ile, Leu, Cha, Lys, or deleted;
A3, is His or deleted;
A3 is Thr or deleted;
Az, is Ala or deleted;
each of R; and R, is, independently, H, C;_;,
30 alkanyl, C,_,o phenylalkyl, C;;_jo napthyalkyl, C;_j5.
hydroxyalkyl, C,_;, hydroxyalkenyl, C;_5q
hydroxyphenylalkyl, or C;,_,o- hydroxynapthylalkyl; or one
and only one of R, and R, is COE; in which E; is C;_4,
alkyl, C,_;5 alkyl, C,_;, alkenyl, C,_,o phenylalkyl, Cjj_pg



15 Alerr] is Phe, Tyr, Anp, or A b; Rlerr] is H

R2 is H and R3 is NH2; or a pharmaceutically acceptable
salt thereof. “ﬂmﬁm‘fmw’al m 9, wherein at | east one
of Alerr] ALera;j: Alerr], Hm‘ﬂ“ Alerr] |s Al b;

phar maceut i C¥PPYO% ¢ ept abl e sal *t her elof . 5’1?611?9 e of
claim 10, wherein said peptide Is [Al b[err] hPTH( 1- 34) NH2

[Ailb[err] hPTH(1-34)NH err] 25 [Ai b[err] hPTH( 1- 34) NH[ err];

[ Al b[ err] hPTH( 1- 34) NH2; [ Al b[err] hPTH(i1=34)NH err];

[Aib[err] hPTH(1-34)NH err]; or [Ailb[err] hPTH(1-34)NH err]; or a

phar maceut i cal hgptltybplkil e C1-1, Sutdroxiedkpl, C,.;p hydroxyalkenylh Fepti de
of claim1 wheyei cﬁtoﬂﬁﬁa%hyqaskyi ¥ A qu hyﬁﬂ:@k&]xapeﬁﬁa{]]kylA[ il -

Alerr], Alerr]7°A ok, 38° ﬁ §§[zvoﬁé—@f 13:?8?‘?] L e il

24-
Alerr], A[err]¥ dmda ACenp] hydroggdarbon moiety and 2 1s H, OH,0COgH or
pharmaceuti cal pyyRgeept abl e sal t thereof.

provided that at least one of A;3, Ay, Az, BAjg,
or A,, is Lys; or a pharmaceutically acceptable salt
thereof.

29. A peptide of claim 28, wherein a4,, is Glu,

10 Aib, or Cha; A23 is Leu, Lys, or Cha; A,z is Aib or Glu;
A,s is Aib or Lys; A,g is Leu, Lys, or Cha; A,y is Glu or
Aib; A,y is Cha, Aib, or Lys; Ay, is Leu, Cha, or Lys; Aj,
is His; A;; is Thr; and Az, is Ala; or a pharmaceutically
acceptable salt thereof.

15 30. A peptide of claim 29, wherein at least one
of A, and A,; is Cha; or a pharmaceutically acceptable
salt thereof.

31. A peptide of claim 29, wherein at least cne of
A;g Or A;9 is Aib; or a pharmaceutically acceptable salt
20 thereof.
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113 A peptide of gk 3hdd s Bé‘@?ﬁﬁ | rbT/Uﬁergﬁ /13129 ¢

T Y ¥ 7

Alerr] is Leu or

ot A'b’
“Alerr] is Leu or\ ChaJ
Leu, Val, Ile,or N

Cha; 10 Alerr] is Leu or Cha;

Alerr] is Asn or Aib; - Alerr] is Met, A b,
or Nle; - A%]err] is Val;

Al err] %ys Al Db, Leé;sa is Asg or deletedn; 15 A3 is Val,
N e, a; Ay, is Phe, Tyr, Amp, Aib, or delefgder r] is His:

A[err] is Asn; each of R, and R, is, independently, Bj[@,5 ] i s Phe, Tyr, Anp, or
Ai b; alkyl, C, i, alkenyl, C, 5, phenylalyLIC,j5 H 20

Rlerr] is Hs and nahthylalkyl C,. ,hydro alk?rl , Cona hydmxy%l&h{dlo,s NH err];

or a phar maceutlca ylalkyl; o 14. A
pepti de of clalm ﬂ; 1sE‘,',f and Alerr] is Cha
1

and at | east one 5;{1:: 8 Aib; or a

phar maceuti cal | y Y& | nzo 15. A peptide
of claim 14, wher®s ﬂy&allgylpgptzméroxyalkyl Cm hydroxyalkenyl, §&.e[err], Aib[err],
Tyr[err] hBOH( 1- 34hjipxy-pbenylfliya peey,b, hydraxynaplithylaikyl; cand) ,

Tyr [ err] hPTH( 1- 34) NH[ eRg is;OH, NH,, C/[,{Gilkéxy, of NHMNYLCH 7] VL - 34) NH[ err ] :

Ch Ai b NI
[m bflgre;]r]hPTH( 1[ gwhb&’ﬁ* ,]hydmcarbong?dei%t?ﬂdhszrxkn bi%l @2g-lr,]ror eferr]

Lys[err] hPTH( 1- 33?EH| etr rl ided'thdd aP egsrtr&alg%%lkl’ c&l W AL A, accept abl e salt

thereof. 33s AL A, Am Ay, Ay, Ay, and Ay, is Cha, or at least
™ one of Ay, Apy, Ags Apys Ajs, Ays, and A,, is Aib; and further
R provided that A;, is not Aib when Ay, is Tyr; ora
' pharmaceutically acceptable salt thereof.
2. A peptide of claim 1, wherein at least one of
20 Ay Ay, Ay, Ay, Agyy Ay, Ay, and A, is Cha; ora
pharmaceutically acceptable salt thereof.
3. A peptide of claim 2, wherem
A, is Ser;
A;islle;
25 A, is Leu or Cha;
A, is Met, Nva, Leu, Val, Ile, or Nle;
A,, is Leu or Cha;
A,,is Gly;
A,sis Leu or Cha;
. 30 A, is Asn or Aib;
~— A, is Ser;
A,; is Met or Nle;
A, is Val;
A,, is Lys, hArg, or Cha;

r
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25. 7 16. A peptide of claim 13, wherein »
of Alerr], Alerr], and Alerr] is Cha and at | east one ogez[/gﬁ 2:5/A[]e|1r?9 <
5

-is Alb; or a pharnaceutically acceptable salt thereof.

17. A peptide of claim 16, wherein said peptide is [Cha[err],

Nl e[err], Aib[err] Tyr[err]hPTH(1-34)NH err], or [Cha[err], Aib[err]
PTH( 1- 34) NH2; or a pharmaceutically acceptabl e salt thereof. 10

18. A peptide of the fornula: - 22 - [err] -

Val -Alerr]-Au-Alerr]-An:Alerr]-Alerr]-H s-Asn-Alerr]
~Alerr]-Lys- H s- Atz ris His;
Alerr]-Alerr]-A eny ] -i eval; MbeAlerrCh&u- Alerr]-Alerr]-Arg-Lys-Alerr]-Ale

rr]-4adn- Aerr]- A[err] Alerr]-Aerr]-Rerr]

wher ei n B33 A££Kfén i s Dap; Alerr] is Ser, Thr, or
Ai b; 20 Ay -'i}sl%hﬁk_eLﬂ‘YN eBmp| eOr Chdbi[err]-Nal, Trp, Pal, Phe or
p- X-Pheg in whichgX {s gl—L a hal ogen, or CH3; Al err] Is Leu,
Ile, Nle, Cha, [erJr] Nal | Trg Pal , Phe, or p- X-Phe in which X is H,
OH, a hal ogen, orRoH®rH] Alerr] is Met, Nva, Leu, Val,

Il'e, Cha, or N eRrg 51sNH, Alerr] is Leu, Nle, Ile, Cha, [err]-Nal, Trp,

o PUE B ko A b P s o OCer 1]

€ry]-Nal, Trp, Pal, Phe, or p-X-Phe in which Xis OH a haI ogen, or
GHferr]; 4. A peptide of claim 3, wherein at least one of
10 A, and A;; is Cha; or a pharmaceutically acceptable salt
thereof. .

5. A peptide of claim 4, wherein said peptide is
(Cha’’ 1JhPTH(1-34)NH,, (Cha’’ 11, N1le® 18, Tyr34jhpTH(1-
34)NH,; [Chall]hPTH(1-34)NH,; [Cha’/11+15]hPTH(1-34)NH,; or
15 [Cha7]hPTH(1-34)NH2 ; or a pharmaceutically acceptable salt
thereof.

6. A peptide of claim 3, wherein at least one of
- Ayg, A3, Agy, Asy, A,g, and Ay, is Cha; or a
pharmaceutically acceptable salt thereof.

20 7. A peptide of claim 6, wherein said peptide is
[Cha?3)hPTH(1-34)NH,, [Cha?]hPTH(1-34)NH,, [Nle®s 18,
Cha?’ JhPTH (1-34)NH,, [Cha?®]hPTH(1-34)NH,, [Cha®!]hPTH(1-
34) NH,, [Cha24s 28/ 3} hpTH(1-34)NH,; [Cha?4s 28, 31
Lys3C]hPTH(1-34)NH,; [Cha?8s 311nPTH(1-34)NH,; or

25 [Cha'5)hPTH(1-34)NH,; or a pharmaceutically acceptable
salt thereof.

8. A peptide of claim 1, wherein at least one of

A3, Alz, Als, A17, Ale, Alg' and A34 is Aib; or a
pharmaceutically acceptable salt thereof.

DT



““30 “ - Aerr]is Ser, Asn, Ala, or Aib; PCTM& 96#*129

Thr, ofr Aib; Alerr] is Met, Nva, Leu, Val, 0
- Al b; Alerr] is[G u] or Aib; ‘#M &?gEﬂW
Cha, or Met; 35 -Alerr] is Trp or Cha; 40 '
26- Alerr] is Leu or Cha Alerr] is Lys, Aib,
Leu, hArg, d@n, or Cha; I's Leu or Cha;
Alerr] is Asp or Lys; 5 Alerr] §4Val Nl e, Cha, or deleted;
ﬁ%err% i's Elhs o[r del ited A[err] is Asn or del eted,
err] is e, r, , of err n
Rlerr] is, indepgndenm)y er?} %B’ ai‘kyi” E’[e"’rﬁn é’k C[erRE] }and
phenyl al kyl, C[err] orflpmmauémicmwacoqmbk]saﬂnuﬁmfym kyI
([ err] hydroxyal kenyl, Cerr] hydr oxy henyl al kyl ,, or C[err] .
hydroxynaﬁht hy:EaI kyl; or 130ne Acpeptide pYclaine 12wWhareiR | and Rlerr] is
CCE, in | err] is err |,
phenyl al kyl g]C[ [err]] a ! Aqi {s Seror%g;y cderrl alkenyt. Qerr]
A;isIle;
A, is Leu or Cha;
A, is Met, Nva, Leu, Val, Ile, or Nle;
A,, is Leu or Cha;
10 A, is Leu or Cha;
A, is Asn or Aib;
A,; is Met, Aib, or Nle;
A, is Val;
~ A,, is Lys, Aib, Leu, hArg, or Cha;
E 15 A,, is Val, Nle, or Cha;
: A,, is His;
Ag; is Asn;
A,, is Phe, Tyr, Amp, or Aib;
_ R,is H;
20 R,is H; and
R, isNH,;

or a pharmaceutically acceptable salt thereof.

14. A peptide of claim 13, wherein at least one
25 of A,and A, is Cha and at least one of A, Ay, and Ay,
is Aib; or a pharmaceutically acceptable salt thereof.
s
15. A peptide of claim 14, wherein said peptide
is [Cha™ ", Nle® ™, Aib'® ", Tyr’*] hPTH(1-34)NH,,
30 [Cha™", Nle* 3 Aib' ", Tyr*IhPTH(1-34)NH,;
[Cha™ ", Aib”]hPTH(1-34)NH,; [Cha™", Aib*JhPTH(1-
34)NH,; [Cha™", Nle*", Aib*]hPTH(1-34)NH,; or [Cha™
11 AibY, Lys*JhPTH(1-34)NH,; or a pharmaceutically
acceptable salt thereof.
35
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15 naphthylal kyl, Clerr] hydroxyalkyl, Clerr] hydroxyal “PCT/US eqrépée"rl 292
: ]

hydr oxy- phenyl al kyl , or ([ err] hydroxynapht hyl al kyl ; s
is OH NHerr], (Jerr] alkoxy, or NHY-CH err]-Z in which W%s

C[err] hydrocarbon noiety and Zis H OH COerr]H or ' H2;2§SEP’97
provided that at |least Alerr] is Dap, Alerr] is [err]-Nal,

Trp, Pal, Phe, or p-X-Phe, Alerr] is [errkzNal, Trp, Pal, Phe, or

p-X-Phe, Alerr] is hArg, or Alerr] is Nl e or a pharmaceutically

acceptabl e salt thereof. 19. A peptide of claim 18, wherein
25 Alerr] islégp?ng in3 8 in at 1 Alerr] is Ser or Aib;
Alerr] is Met, Nva, Leu, Va ,OF?le, O?,wl\h\eer;emat cast one Alerr] is Asn or
A b; of A,,, A2.and A,z Chadhd at least onedf &,y &nd A,,Lys, Ai b, Leu, hArg,

or Cha; .. Alerr] is Val, Ne, or Cha; Alerr] is
Hs: is Aib; oy a.pharmageytically acgsptable salt thereof. '

- 27 - 5 Alerr] is Phe, Tyr, Anp, or A b; - - Rlerr]
is H

17. A peptide of claim 16, wherein said peptide
is [Cha®, Nle*", Aib'*"] Tyr**]hPTH(1-34)NH,, or
[Cha®, *Aib'* ") PTH(1-34)NH,; or a pharmaceutically
acceptable salt thereof.
. 10
D 18. A peptide of the formula:

R,
\
A,- Val-A;-Glu-A;-GIn-A,-A,-His-Asn-A, -A ,-Lys-His-A ;-
15 I AyAprAgg Ay Arg-Ag-Glu-Agy-Ag -Arg-Lys-Ay-Ay-Gln-
Ry AsrAsrAsr-As-AseRs,
wherein
A, is Dap;
A, is Ser, Thr, or Aib;
20 A, is Leu, Nile, Ile, Cha, B-Nal, Trp, Pal, Phe or
p-X-Phe, in which X is OH, a halogen, or CH;;
A, is Leu, Ile, Nle, Cha, -Nal, Trp, Pal, Phe, or
p-X-Phe in which X is H, OH, a halogen, or CH;;
A, is Met, Nva, Leu, Val, Ile, Cha, or Nle;
D, 25 A,, is Leu, Nle, Ile, Cha, $-Nal, Trp, Pal, Phe, or
p-X-Phe in which X is OH, a halogen, or CH;;
A, is Gly or Aib;
A, is Leu, Nle, Ile, Cha, B-Nal, Trp, Pal, Phe,
or p-X-Phe in which X is OH, a halogen, or CH,;
30 A,¢ is Ser, Asn, Ala, or Aib;
Ay, is Ser, Thr, or Aib;
A,g is Met, Nva, Leu, Val, [ie, Nle, Cha, or Aib;
A, is Glu or Aib;
A,, is Val, Cha, or Met;
35 A,, is Trp or Cha;

" T
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‘I.Q[e;r] Is.H and Rler]r is NHerr]; 5 or Nsc&blal|1292

accept abl e salt thereof. 20. A peptide nk]zg %

-sai d peptide is [Nle[err] hPTH(1-34)NH err], S §97
[ hArg[err] ] hPTH(1-34)NH err], or [Dap[err] Nle[err] "’
Tyr[err]hPTH(1-34)NH[err]; or a pharnmaceutical ly accept abl e 'sal t

t her eof . 10 21. A peptide of t fornmul a:

[err]-Val-Alerr]-Qu-Alerr]-An-Alerr]-Alert]-Hs-Alerr]-Alerr]-Alerr]-Lys-
Nerr]-Aerr]- 15 AyisLeuorCha;

Al err]-Alerr]-Al err] HfisLyp, Aibglew, hAsg Gl onChasr | - Alerr]-Alerr]-Alerr]-Aler

r]-Alerr]- Ay isAlearorlChaf err]-Alerr]-Alerr]-Alerr]-Alerr]-Rerr]
wher ei n Aj 8rAsp orLys) a, Ser, or Dap; 20 Alerr] is Ser
or Al b; Niug'\dal e ﬁa,owﬂeteﬁf Cha; Alerr] is Leu,
Cha, N e, [err] NaI,Alngf &b, or p-X-Phe in which Xis OH a

hal ogen, or CH3; err] is Leu, Met, or Cha; 25 Alerr]
[

Ajis Asno @F
is Asp or Asn; 3 refi S, Lys,. Leu, Cha, Phe, or [err]-Nal;
Al2 is Ay or A b; A34‘5Ph°=%YT’AA!P4A|1§> ondeletsd; 1 s

each of R, and R, is, independently, H, C, ,,

10 alkyl, C, ., alkenyl, C;,, phenylalkyl, C;; 5
naphthylalkyl, C, ,, hydroxyalkyl, C, ,, hydroxyalkenyl, C,
.20 hydroxyphenylalkyl, or C,,,, hydroxynaphthylalkyl; or
one and only one of R, and R, is COE, in which E, is C, ,,

alkyl, C,.,, alkenyl, C,,, phenylalkyl, C,; 5
15  naphthylalkyl, C,.,, hydroxyalkyl, C, ;, hydroxyalkenyl, C,
.20 hydroxy-phenylalkyl, or C,, ;, hydroxynaphthylalkyl;
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,;
20 provided that at least A, is Dap, A, is B-Nal,

Trp, Pal, Phe, or p-X-Phe, A, is $-Nal, Trp, Pal, Phe, or
p-X-Phe, A,, is hArg, or A, is Nle; or a pharmaceutically

acceptable salt thereof.
L 19. A peptide of claim 18, wherein
~ 25 A, is Ser, Gly, or Dap;
A, is Ser or Aib;
A;is Met, Nva, Leu, Val, Ile, or Nle;
A,¢ is Asn or Aib;
A, is Val;
30 A,, is Lys, Aib, Leu, hArg, or Cha;
A, is Val, Nle, or Cha;
A,, is His;
Ay, is Asn,

35

I
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“Alerr] is Ile, or Cha; 30 A16 is A n or Alb; AY7qi -
Asp or Aib; A18 is Leu, Aib, or Cha; CCT/IUS 96771129 ¢

or

. 28 Alerr] is Arg or Aib; Alerr] is Phe,
Gu, Aib, or Cha; Alerr] is Phe, Leu, Lys, or Cha; 5
Alerr] is Leu, Lys, or Cha; Alerr] is H's, Alb, or Gu;
Alerr] is H's, A b, of Lys; Alerr] is Leu, Lys, or Cha;
A%err] is Ile, Leu, Lys, or Cha; 10 - 27 - Alerr] is Ala, Gu, or A b,
Alerr] is Qu, Cha, A b, _or Lys; \ Alerr] is Ile, Leu, Cha,
Lys, or del et ed; Azq is Phe, ¥Yr1A@EPr]°FsAFP§ or gele%ed;
Alerr] is Thr or Iﬁgeg 15 Alerr] is Ala, Aib or deleted;
each of R[[err] {%e& ié, i ndependently, H (err] al kanyl ,
Clerr] phenyl al kyT'2 2R pht hyl al kyl , C[err] hydr oxyal kyl ,
Cerr] hydroxyalkngyis Hﬁfir] . hydroxyphenyl al kyl, or Cerr]

Cheor 1] ER W heeacde RAR TP acddpeably ?ﬂff"*‘a[%?h‘fl aikeny! . err]
phenyl al kyl , C err]
20. A peptide of claim 19, wherein said peptide
is [N1e3ljhPTH(1-34)NH,, [hArg?’ JhPTH(1-34)NH,, or [Dap ,
N Nles'l8 Tyr34]hPTH(1-34)NH2, or a pharmaceutically
- acceptable salt thereof.

10 21. A peptide of the formula:

Al-Val "Aa -Glu"As“Gln-A-’ “Ae-His-Alo-All-Alz -Lys-A14—A15-

15 Ry
Ryg=A17-R1g=R19=Arg-Arg-Ayy=Ay3-Ayg~Ays—Aze~Az7 R2g™
| Ayg=A3p—RA31~R3p~A33-A34~R3
;v;' wherein

A, is Ala, Ser, or Dap;
20 A; is Ser or Aib;
Ag; is His, Ile, or Cha;
A, is Leu, Cha, Nle, g-Nal, Trp, Pal, Phe, or
p—xéPhe in which X is OH, a halogen, or CH,;
Ag is Leu, Met, or Cha;
25 A,o is Asp or Asn;
A,, is Lys, Leu, Cha, Phe, or f-Nal;
A,, is Gly or Aib;
A,4 is Ser or His;
A,5 is Ile, or Cha;
30 A, is Gln or Aib;
A,, is Asp or Aib;
A,g is Leu, Aib, or Cha;

A



"nap'ht hyl al kyl., C[err] hydroxyal kyl, Cerr] hydroxyal kenyﬁCHUS]gé / 4 1 Z 9 '
hydroxyphenyl al kyl , or ( err] hydroxynapht hyl al kyl ; and _ '

-Rlerr] is OH NHerr], Cerr] alkoxy, or NHY-CHerr]-Z im &2 SEP&QQT

a CJerr] hydrocarbon noiety and Zis H OH Cderr]H or CONH[ err]

provi ded that at |east one of Alerr], Alerr], Aerr], Aerr], Aerr],

Alerr], Alerr] Alerr], Alerr], Aerr] A[ez? Alerr], or Alerr] is Cha, or
at | east one of A[err] Alerr], Alerr], Alerr], Aerr],

Alerr], Alerr], Aerr] A29 A30, or A34 |s Ai b; or a pharmaceutically
accept abl e sahib 1%@@@ 22. A peptide of claim 21,
wherein at A22 is Phfg,isPhe, GlwrAibhar,Ch;err] is Phe or Cha; Alerr] is His;
Alerr] is H's; Al errA, iePhg)LeGys, 6f Cha;] i S Ile or Cha; Alerr] is
Al a; A[err]5|s Au Q(u?sieu,Lys ordﬂQ 97/ 02834 ,

PCT/ US96/ 11292 - 29 - Lys; Alerr]
is Ile or Cha; A[er'rithts X% Is Thr; and Alerr] is Ala; or a
pharmaceutical ly ac Ij%lls ereof 23. A peptide of
claim 22, wherein atdd¥a ,un,[,)g%orc 20f Alerr] and Alerr] is Cha; or a

phar maceut i cal | y acdepisdis, deuslysapt Chdier eof .
10 A, is Ala, Glu, or Aib;

As, is Glu, Cha, Aib, or Lys;
A, is Ile, Leu, Cha, Lys, or deleted;
A,, is His or deleted;
A,; is Thr or deleted;
15 A,,is Ala, Aib or deleted;

each of R, and R, is, independently, H, C, ,,
alkanyl, C, 5, phenylalkyl, C,; 5 naphthylalkyl, C, 1,
hydroxyalkyl, C,.,, hydroxyalkenyl, C; 5
hydroxyphenylalkyl, or C,, ;, hydroxynaphthylalkyl; or one
20 and only one of R, and R, is COE, in which E, is C,,,
alkyl, C, 1, alkenyl, C,, phenylalkyl, C,; 5
naphthylalkyl, C, , hydroxyalkyl, C,,, hydroxyalkenyl, C,-
.0 hydroxyphenylalkyl, or C,, ,, hydroxynaphthylalkyl; and
R, is OH, NH,, C, ,, alkoxy, or NH-Y-CH,-Z in which
™, 25 Y isaC,,, hydrocarbon moiety and Z is H, OH, CO,H or
~ CONH,;
provided that at least one of A;, A;, A, Ay, Ay,
Augs Az Ags, Aggs Aggs Agg, Ay, OT Ay, is Cha, or at
least one of A;, Ay, Ajg, Aygs Ajes Ajgy Aggy Agsy Aggy

)

30 Ay, Ay, Or Ay, is Aib; or a pharmaceutically acceptable
salt thereof.
22. A peptide of claim 21, wherein at A,, is Phe
or Cha; A,; is Phe or Cha; A, is His; A, is His; A,, Leuor Cha; A,is
Ile or Cha; A,yis Ala; A, is Gluor
35

g
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24. A peptide of claim 22, wherein at | east one of Alerr] oqr’%okf)‘g‘r'#] i,s

~

Ai b; .or a pharnmaceutically acceptable salt t her eof . (P0C s @hjo A
pepti de of claim 21, wherein A22 is Qu, 10 Aib, or Cha; A23 is Leu, Lys,
or Cha; Alerr] is Aib or Qu; Alerr] is Alb or Lys; Alerr] is Leu, Lys,
or Cha; A29 is Gu or Aib; A30 is Ch&!-Aib, or Lys; Alerr] is Leu, Cha,
or Lys; Alerr] Is Hs; A33 is Thr; and A34 is Ala; or a pharnaceutically
acceptabl e salt thereof. 15 26. A peptide of claim25, wherein
at | east one of Alerr] and Alerr] is Cha; or a pharnaceutically

accept abl e sales is Ren epdeleted; ' 27. A peptide of claim 25,

wherein at |east ongpht T rak rr] is Alb; or a pharnaceutically
acceptabl e salt 26t ﬁgr'eg{'.ﬂﬁmd' oPdeiéled 28. A peptide of the fornula:

[err]-Val - Al er r] eathiofR,@nd]R. 8, independentivi\He £4.].-aMiyk CAl.alkenylACes phemathyt,] - Lys-
AL or 1] CAPEFeRiziol, Gy bydipoygll, Gz.c hyeosikopyl, Crco hyctorsphopyiaios. of Gure - o er
r ] - Al ehy§roxynaphthylalkyl; or oijeeand]only @er 4f-Rhaad R.-I\COE; r whieh 1} A€ e, alkyIRCapr |
wher ei Ialkenyl, C;2 phenylalkyl, C,,.z naphthylalkyl, C,,, hydroxyalkyl, C,,, hydroxyalkenyl, C;,
hydroxy-phenylalkyl, or C;4.», hydroxynaphthylalkyl; and
Rs is OH, NH,, C,.1, alkoxy, or NH-Y-CH,-Z in which Y is a C,.;, hydrocarbon moiety and
Zis H, OH, CO,, H, or CONH,;
provided that at least one of Ag, A7, Ag, Aq1y Ass Agas Aoty Azs, Assy Agz, Ags, @nd Ag,
~ is Cha, or at least one of Ag, Az, Ase, Az, Ags, Asg, and Ag, is Aib; the peptide is not [Aib*,
Tyr**IhPTH(1-34)NH, and further
provided that A,, is not Aib when A, is Tyr; or a pharmaceutically acceptable salt

thereof.

2. A peptide of claim 1, wherein at least one of A;, A4, Ass, Ags, Ass, Agr, Agg, and Ag,
is Cha; or a pharmaceutically acceptable salt thereof.

3. A peptide of claim 2, wherein
A; is Ser;

Asis lie;

A; is Leu or Cha;

Ag is Met, Nva, Leu, Val, lle, or Nle;
A,q is Leu or Cha;

A, is Gly;

A5 is Leu or Cha

A is Asn or Aib;

Aq; is Ser;

A;g is Met or Nie;

Ag is Val;

Ay is Lys, hArg, or Cha;

TR erocewe e
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- 30 - IThis She ﬁeq1Re| % ser, or Dap:; Alerr] is Ser
ar_Ai b; Nz““ ‘] Mﬁ s, Ile, or Cha; Alerr]7 is Leu,
Cha, N e, [err]- he, or 5 p-X-Phe in which Xis OH a

hal ogen, or CH3; Alerr] is Leu, Met, or Cha; Alerr]
is Asp or Asn; Alerr] is Lys3! teu, Cha, Phe, or [err]-Nal

Alerr] is Ay or. Ajb:, 1 Alerr]l. is Ser or H.s; Alerr]
is Ile, or ,thlﬂalkyg' °1ﬂpeP¥FrL§YE;]1ﬁY3r im;z hydroxyalkenyly, Gy-j s aAsp
or Al b; 20 hydroxAfpveriylsikydly, ok I€,,04, Gydrokynapthylalkiigrand s Arg
or A Db; [ err hiyl SyBhe, ~4 u, Al or v 3 .err] iIs
Phe, Leu, Lys,..or gﬁa?% b, NS CLﬂFeﬁﬁrgfg'ng?ﬁE I-Che Enin whah

Alerr] is H¥% 18\i® Cpnchydrggarbon moiefyeppfl £sifj éf’ﬁﬁb,cezfiwr;;
Alerr] issLe(ngﬁ,‘y;e, or Cha; Alerr] is Ile, Leu, Lys, or Cha;
provided that at least one of A3, Ay, Ay, Ajg,
or A5, is Lys; or a pharmaceutically acceptable salt
thereof.

29. A peptide of claim 28, wherein A,, is Glu,

10 Aib, or Cha; A23 is Leu, Lys, or Cha; A,5; is Aib or Glu;
Ay¢ is Aib or Lys; A,g is Leu, Lys, or Cha; A,9 is Glu or
Aib; A3 is Cha, Aib, or Lys; A;, is Leu, Cha, or Lys; Aj,
is His; A3; is Thr; and Aj, is Ala; or a pharmaceutically
acceptable salt thereof.

15 30. A peptide of claim 29, wherein at least one
of A, and A,; is Cha; or a pharmaceutically acceptable’
salt thereof.

31. A peptide of claim 29, wherein at least one of
Ajg Or A;g is Aib; or a pharmaceutically acceptable salt
20 thereof.

32. The compound of the formula [Glu**?*®, Leu %3,  Aib?,

Lys®**-*° 1 hPTHrP (1-34)NH,.

THIS SHEET HAS BEEN

L :3 =




06 oo !

I
Alerr] is Ala, Gu, or Aib; Alerr] is Gu, Cha, Ai b, (bof: ©fis; 25
Alerr] is Ile, Leu, Cha, Lys, or deleted, Alerr] is H's or

del et ed,; Alerr] is Thr or del eted; Alerr] is Ala or
del et ed,; each of Rlerr] and R2 is, independently, H {err] 30
al kanyl, C[err] phenylalkyl, Clerr] napthyal kyl, Cerr] hydr oxyal kyl ,

C err] hydroxyal kenyl derr] hydrﬂxlglphenyl al kyI or err]

hydr oxynapt hyl al one only one of Rlerr] and_Rerr]

COE[ err] i Makh T&fgﬁ@fﬂ t5-10] éwﬁroxyaikxyr Coher PYAEPRYR 1kenaidy Cal—kenyl
Clerr] phenyl ayHoxy@dminylalkyl, or c, hydroxynapthylalkyl' and 731

- napthylalkyl er roxyal ky err] _h | ken e

hydr oxyphenyl al ky! R3(():$ C{)gl’r%ﬂ?hy‘fvﬂﬂﬂyﬁ&ﬁ% ;’Eyﬁg g éﬁ £ 1C‘:‘[‘C{‘R[ err]
is OH NH & ris &nb ayﬁvnyarbonl\theq‘IZaﬂdm whilth OH, YCOsH aoxX] err ]

hydr ocar bor-diR{ ety and Zis H OH CJerr]H or 5 CONH2;

provided that &' 1 east one of Aerr]kl %err] Alerr], A[err] or Alerr]
i's Lys; or a pharnREEYdAed| Mpagcasprgpre eaPt Of Apjverfensfs, 227, Age, 29.

A peptide @&fr dgi D28 ysyhereial phdzriaseGtically AckepeableasaAZ3 is Leu,
Lys, or Ch%heAele.] is Altb or G u;

29. A peptide of claim 28, wherein A,, is Glu,
10 Aib, or Cha; A23 is Leu, Lys, or Cha; A,; is Aib or Glu;
“— A,¢ is Aib or Lys; A,g is Leu, Lys, or Cha; A,g is Glu or
Aib; A, is Cha, Aib, or Lys; A,; is Leu, Cha, or Lys; A,,
is His; A33 is Thr; and A3, is Ala; or a pharmaceutically
acceptable salt thereof.

15 30. A peptide of claim 29, wherein at least one
of A, and A,; is Cha; or a pharmaceutically acceptable
salt thereof.

31. A peptide of claim 29, wherein at least one of
A, Oor A;9 is Aib; or a pharmaceutically acceptable salt
20 thereof.

f 32. The compound of the formula [Glu**?**, Leu ?*?%3 Aip?,

' Lys®®3°] hPTHrP (1-34) NH,.

33. The use of a compound of claim 1 for the manufacture of a
medicament for stimulating the growth of bone in a subject.

34. The use of a compound of claim 1 and a bisphosphonate or

calcitonin for the manufacture of a medicament for stimulating the

growth of bone in a subject.
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: ' |Pos s opy .
Alerr] is Aib or Lys; Alerr] is Leu, Lys, or Cha; A29 is Qu or A4 H0oABO-{
Is Cha, Alb, or Lys; Alerr] is Leu, Cha, or Lys; A32 iIs Hs; A33 is Thr;
and A34 is Ala; or a pharnaceutically acceptabl e salt thereof. 15
30. A peptide of claim?29, wherein at |east one of Alerr] "% Alerr] is

Cha; or a phar nkcéagl cally acce t abl e salt t her eof . ROMDIE
pepti de of cl ai wher ei Pt MELUEIALBOZETY CRONTATEY o A o1l

2, a1 TR AR RGN Yl A \,cm&i@ﬁﬁlﬁﬁﬁ%?ﬂ‘@gﬂ

33, THED Inteabopa! Rt CiRsiraion 8 cl ai m ]hi ! anmmmmmmmw a wWO 97/0283
hedi AG1E 58/29, (COTK 06, L4/635 ¢
E oila | To T and o ; g %%%ﬁmmn e o e 'P97f;6%h97)

e ofla compound of claiml and a isH
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(57) Abstract

Peptide variants of fragment (1-34) of parathyroid hormone, in which at least one of the amino acid residues at positions 7, 11, 23,
24, 27, 28 and 31 is cyclohexylalanine, or at least one of the amino acid residues at positions 3, 16, 17, 18, 19 and 34 is c-aminoisobutyric
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