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PEPTIDE PARATHYROID HORMONE ANALOGS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a divisional of co-pending US. 
patent application Ser. No. 09/228,990, ?led Jan. 12, 1999, 
Which application is, in turn, a continuation of International 
Patent Application No. PCT/US98/09843, ?led May 13, 
1998, Which claims bene?t of US. Ser. No. 60/046,742 ?led 
May 14, 1997, noW abandoned. 

TECHNICAL FIELD 

[0002] This invention is directed to compounds and their 
preparation, to pharmaceutical compositions containing the 
compounds and to their use in the treatment of physiological 
conditions capable of being modulated by agonist or antago 
nist activity on parathyroid hormone receptors. More par 
ticularly, this invention is directed to peptide parathyroid 
hormone analogs and peptide parathyroid hormone related 
protein analogs. 

BACKGROUND OF THE INVENTION 

[0003] Human parathyroid hormone (hPTH) is an 84 
amino acid protein Which is a major regulator of calcium 
homeostasis. Parathyroid hormone-related protein (hPTHrP) 
is a 139 to 171 amino acid protein With N-terminal homol 
ogy to hPTH. The N-terminal fragments of hPTH and 
hPTHrP, particularly those consisting of amino acids 1-34, 
retain the full biological activity of the parent hormone. 

[0004] hPTH(1-34) has 
sequence: 

[0005] Ser-Val-Ser-Glu-Ile-Gln-Leu-Met-His-Asn 
Leu-Gly-Lys-His-Leu-Asn-Ser-Met-Glu-Arg-Val 
Glu-Trp-Leu-Arg-Lys-Lys-Leu-Gln-Asp-Val-His 
Asn-Phe. (SEQ ID NO: 1) 

[0006] hPTHrP has the folloWing amino acid sequence: 

[0007] Ala-Val-Ser-Glu-His-Gln-Leu-Leu-His-Asp 
Lys-Gly-Lys-Ser-Ile-Gln-Asp-Leu-Arg-Arg-Arg 
Phe-Phe-Leu-His-His-Leu-Ile-Ala-Glu-Ile-His-Thr 
Ala. (SEQ ID NO: 2) 

[0008] The biological activity of hPTH is re?ected in the 
activation of tWo secondary messenger systems: G-protein 
coupled adenylyl cyclase (AC) and G-protein coupled and 
uncoupled protein kinase C (PKC) activity. The N-terminal 
fragments hPTH(1-34)OH and hPTH(I-31)NH2 have been 
demonstrated to be anabolic With respect to bone formation 
in humans and ovariectomiZed rats, respectively. This 
increase in bone groWth has been demonstrated to be 
coupled With stimulation of adenylyl cyclase activity. Ana 
logs of these N-terminal fragments have signi?cant thera 
peutic potential for the treatment of physiological conditions 
associated With bone cell calcium regulation including 
hypocalcemia; osteoporosis; osteopenia; and disorders asso 
ciated With osteoporosis and osteopenia such as hyperpar 
athyroidism, hypoparathyroidismn, and Cushings syn 
drome; glucocorticoid- and immunosuppressant-induced 
osteopaenia; and bone fracture and bone refracture repair. 

[0009] It has also been established that deletion of up to 
siX amino acid residues from the N-terminus of hPTH(1-34) 
markedly decreases the resulting analog’s ability to stimu 

the folloWing amino acid 
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late adenylyl cyclase While having little effect on receptor 
binding. Thus, analogs of hPTH(1-34) truncated by up to siX 
amino acid residues at the N-terminus inhibit the action of 
PTH and are useful in the treatment of disorders character 
iZed by an eXcess of PTH such as hyperparathyrodism and 
hyperparathyrodism-related hypercalcernia crisis, hypercal 
cemia of malignancy, renal failure and hypertension. 

[0010] Acyclic analogs of hPTH(1-27) to (1-34) are dis 
closed in US. Pat. No. 4,086,196. Acyclic analogs of 
hPTH(1-34) and hPTHrP (1-34) are disclosed in US. Pat. 
No. 5,589,452. [Nle8, Nle18, Tyr34, or Phe34]hPTH(1-34) are 
disclosed in US. Pat. No. 4,656,250. [Nle8, Nle18, Tyr34] 
hPTH(1-34) and N-truncated derivatives thereof are dis 
closed in US. Pat. Nos. 4,771,124 and 4,423,037. Other 
acyclic analogs of PTH(1-34) are disclosed in US. Pat. Nos. 
5,723,577 and 5,434,246, WO 97/02834, EPA 561 412-A1, 
EPA 747 817-A2, WO-94/02510, WO9603437, and 
WO9511988-A1. Analogs of hPTH(1-28)NH2 to hPTH(1 
31)NH2 and [Leu27]hPTH(1-28)NH2 to [Leu27 ]hPTH(1 
33)NH2 are described in US. Pat. No. 5,556,940. Acyclic 
antagonists of the PTH receptor including N-terminally 
truncated analogs of PTH are disclosed in US. Pat. Nos. 
5,446,130, 5,229,489, 4,771,124 and 4,423,037. 

[0011] Cyclic and bicyclic analogs of hPTH and hPTHrP 
have been disclosed. Cyclo(Lys26-Asp30)[Leu27]hPTH(1 
34)NH2 and cyclo(Lys27-Asp3O)hPTH(1-34)NH2 are dis 
closed in US. Pat. No. 5,556,940. Cyclo(Lys26-Asp31) 
[Leu27]hPTH(1-31)NH2, cyclo(Glu22-Lys26) [Leu27]hPTH( 
1-31)NH2, and cyclo(Lys27-Asp3O)hPTH(1-31)NH2 are 
described by Barbier, et al., J. Med. Chem. 1997, 40, 1373. 
Monocyclic and bicyclic derivatives of hPTH(1-34) or 
hPTHrP(1-34) are disclosed in patent documents WO 
96/40193, DE19508672-A1, and by A. Bisello, et al., in 
Biochemistry 1997, 36, 3293. Cyclo(Lys13 
Asp17)hPTHrP(7-34)NH2, a potent antagonist of the PTH 
receptor, is disclosed by M. Chorev, et al., Biochemistry 
1991, 30, 5698. Also, Kanmera, et al., has described a series 
of amide-containing analogs of hPTHrP, Peptide Chemistry 
1993: Okada, Y., ed.; Protein Research Foundation, Osaka, 
1994, 321-324.” 

SUMMARY OF THE INVENTION 

[0012] This invention is directed to a cyclic peptide com 
pound of formula I 

[0013] or a pharmaceutically acceptable salt or prodrug 
thereof Wherein 

[0014] X is selected from the group consisting of 
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[0072] A26 is Asp, Cys, horno-Cys, Glu, His, Lys, 
Orn, Ser, Thr, —NHCH(CH2)mNH2)CO— or 
—NHCH[(CH2)nCO2H]CO—; 

[0073] A27 is Leu or Lys, or an equivalent amino acid 
thereof; 

[0074] A28 is Ile or Leu, or an equivalent amino acid 
thereof; 

[0075] A29 is Ala, Asp, Cys, horno-Cys, Glu, Gln, 
Lys, Orn, Ser, Thr, —NHCH(CH2)mNH2)CO— or 
—NHCH[(CH2)nCO2H]CO—; 

[0076] A30 is Asp, Cys, horno-Cys, Glu, Gly, Lys, 
Orn, Ser, Thr, —NHCH(CH2)mNH2)CO— or 
—NHCH[(CH2)nCO2H]CO—; 

[0077] A31 is Ile, Leu or Val, or an equivalent amino 
acid thereof; 

[0078] A32 is His, or an equivalent amino acid 
thereof; 

[0079] A33 is Asn or Thr, or an equivalent amino acid 
thereof; 

[0080] A34 is Ala or Phe, or an equivalent amino acid 
thereof, 

[0081] A35 is absent or a peptide of from 1 to 4 amino 
acids; and 

[0082] the side chains of at least one of the folloWing 
pairs of amino acid residues, A10 and A14, A13 and 
A17, A14 and A18, A17 and A21, A18 and A22, A21 and 
A25, A25 and A29 and A26 and A30 are linked through 
an amide, ester, disul?de or lanthionine bond to form 
a bridge, and the side chain of each of the folloWing 
amino acid residues, A10, A13, A14, A17, A18, A21, 
A22, A25, A26, A29, and A30 contributes, at most, to 
the formation of a single bridge; provided that When 
the side chains of the folloWing pairs of amino acid 
acid residues, A13 and A17 or A26 and A30 are linked 
through an amide, disul?de or lanthionine bond to 
form a bridge, then the side chains of at least one of 
the folloWing pairs of amino acid residues, A10 and 
A14, A14 and A18, A17 and A21, A18 and A22, A21 and 
A25 and A25 and A29 are also linked through an 
amide, ester, disul?de or lanthionine bond. 

[0083] In another aspect, this invention is directed to a 
peptide compound of formula II 

[0084] or a pharrnaceutically acceptable salt or prodrug 
thereof Wherein 

[0085] X is selected from the group consisting of 

[0086] (a) R1a_AO_A1_A2_A3_A4_A5_A6_A7_A8_ 
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[0094] R1a-A9-, and 

[0095] 0) R13; 
[0096] Y is selected from the group consisting of 

[0097] (a) -R3, 
[0098] (b) _A28_R3> 

[0104] (h) 'A28'A29'A30'A31'A32'A33'A34'R3; 
[0105] R13, is H, alkyl, aralkyl or —COR2; 

[0106] R1b is R1'‘) or a group of formula 

R7 rlrs 0 

R6 )\/ N Or 
\T 
H R9 

R7 0 

R6 
\ N / , 

[0107] R2 is alkyl, alkenyl, alkynyl, aryl or aralkyl; 

[0108] R3 is a group of formula A35-OR4 or A35 
NR4R5; 

[0109] R4 and R5 are independently H or loWer alkyl; 

[0110] R6 and R9 are independently H or alkyl; 

[0111] R7 is alkyl; 

[0112] R8 is H, alkyl or COR2; 

[0113] R10 is H or halogen; 

[0114] R11 is alkyl or aralkyl; 

[0115] A0 is absent or a peptide of from one to siX 
amino acid residues; 

[0116] A1 is Ser, Ala, Gly or D-Pro, or an equivalent 
amino acid thereof; 

[0117] A2 is Ala, Val or Gly, or an equivalent amino 
acid thereof; 

[0118] A3 is Ala, Ser, Gly or D-Pro, or an equivalent 
amino acid thereof; 

[0119] A4 is Glu, Ala or Gly, or an equivalent amino 
acid thereof; 

[0120] A5 is Ile, His, Ala or Gly, or an equivalent 
amino acid thereof; 
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[0121] A6 is Ala, Gln, Gly or D-Pro, or an equivalent 
amino acid thereof; 

[0122] A7 is Ala, Leu or Gly, or an equivalent amino 
acid thereof; 

[0123] A8 is Leu, Nle, Gly or D-Pro, or an equivalent 
amino acid thereof; 

[0124] A9 is His, Ala, Gly or D-Pro, or an equivalent 
amino acid thereof; 

[0125] A10 is Ala, Asn, Gly Lys, Asp or D-Pro, or an 
equivalent amino acid thereof; 

[0126] AM is Ala, Gly, Leu or Lys, or an equivalent 
amino acid thereof; 

[0127] A12 is Ala or Gly, or an equivalent amino acid 
thereof; 

[0128] A13 is Ala, Gly or Lys, or an equivalent amino 
acid thereof; 

[0129] A14 is Ala, Gly, His, Ser, Asp, Lys or D-Pro, 
or an equivalent amino acid thereof; 

[0130] A15 is Ala, Gly, Ile, D-Pro or Leu, or an 
equivalent amino acid thereof; 

[0131] A16 is Asn, Ala, Gly, D-Pro or Gln, or an 
equivalent amino acid thereof; 

[0132] A17 is Ala, Asp, Gly, Ser, Lys or D-Pro, or an 
equivalent amino acid thereof; 

[0133] A18 is Lys, or an equivalent amino acid 
thereof; 

[0134] A19 is Arg or Glu, or an equivalent amino acid 
thereof; 

[0135] A20 is Arg, or an equivalent amino acid 
thereof; 

[0136] A21 is Arg, Lys, Asp or Val, or an equivalent 
amino acid thereof; 

[0137] A22 is Asp, Lys, Orn or Glu, or an equivalent 
amino acid thereof; 

[0138] A23 is Leu, Phe or Trp, or an equivalent amino 
acid thereof; 

[0139] A24 is Leu, or an equivalent amino acid 
thereof; 

[0140] A25 is Arg, His, Asp, Lys or Glu, or an 
equivalent amino acid thereof; 

[0141] A26 is Lys or His, or an equivalent amino acid 
thereof; 

[0142] A27 is Leu or Lys, or an equivalent amino acid 
thereof; 

[0143] A28 is Ile or Leu, or an equivalent amino acid 
thereof; 

[0144] A29 is Ala, Asp, Glu or Gln, or an equivalent 
amino acid thereof; 

[0145] A30 is Asp, Lys or Glu, or an equivalent amino 
acid thereof; 

[0146] A31 is Ile, Leu or Val, or an equivalent amino 
acid thereof; 
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[0147] A32 is His, or an equivalent amino acid 
thereof; 

[0148] A33 is Asn or Thr, or an equivalent amino acid 
thereof; and 

[0149] A34 is Ala or Phe, or an equivalent amino acid 
thereof; and 

[0150] A35 is absent or a peptide of from 1 to 4 amino 
acids. 

[0151] The peptide compounds of the present invention 
possess useful properties, more particularly pharmaceutical 
properties. They are especially useful for treating disease 
states capable of being modulated by compounds Which bind 
to parathyroid hormone receptors either With or Without 
comcommitant stimulation of adenylyl cyclase activity. The 
present invention is therefore also directed to the pharma 
ceutical use of the peptide compounds and pharmaceutical 
compositions containing the peptide compounds. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0152] As used above and throughout the speci?cation, the 
folloWing terms, unless otherWise indicated, shall be under 
stood to have the folloWing meanings. 

[0153] De?nitions of Terms 

[0154] 
[0155] “Alkyl” means an aliphatic hydrocarbon group 
Which may be straight or branched having about 1 to about 
20 carbon atoms in the chain. Branched means that one or 
more loWer alkyl groups are attached to a linear alkyl chain. 
“Lower alkyl” means about 1 to 4 carbon atoms in the chain 
Which may be straight or branched. Alkyl groups are eXem 
pli?ed by methyl, ethyl, n- and iso-propyl, n-, sec-, iso- and 
tert-butyl, and the like. 

[0156] “Alkenyl” means aliphatic hydrocarbon group con 
taining a carbon-carbon double bond and Which may be 
straight or branched having about 2 to about 20 carbon 
atoms in the chain. “LoWer alkenyl” means about 2 to 4 
carbon atoms in the chain Which may be straight or 
branched. EXemplary alkenyl groups include ethenyl, pro 
penyl, n-butenyl, i-butenyl, 3-methylbut-2-enyl, n-pentenyl, 
heptenyl, octenyl, cycloheXylbutenyl and decenyl. 

[0157] “Alkynyl” means aliphatic hydrocarbon group con 
taining a carbon-carbon triple bond and Which may be 
straight or branched having about 2 to about 20 carbon 
atoms in the chain. “LoWer alkynyl” means about 2 to 4 
carbon atoms in the chain Which may be straight or 
branched. Exemplary alkynyl groups include ethynyl, pro 
pynyl, n-butynyl, 3-methylbut-2-ynyl, n-pentynyl, heptynyl, 
octynyl and decynyl. 

[0158] “Alkylene” denotes a divalent group derived from 
a straight or branched chain saturated hydrocarbon by the 
removal of tWo hydrogen atoms, for example methylene, 
1,2-ethylene, 1,1-ethylene, 1,3-propylene, 2,2-dimethylpro 
pylene, and the like. 

[0159] “Aralkyl” means an aryl group attached to the 
parent molecular moiety through an alkylene. Preferred 
aralkyls contain a loWer alkyl moiety. Representative aralkyl 

“Patient” includes both human and other mammals. 
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groups include benZyl, 2-phenethyl, naphthlenemethyl, and 
the like. A preferred aralkyl group is benZyl. 

[0160] “Aryl” means an aromatic monocyclic or multicy 
clic ring system of 6 to about 14 carbon atoms, preferably of 
about 6 to about 10 carbon atoms. The aryl is optionally 
substituted With one or more substituents selected from 

alkyl, hydroxy, halogen and haloalkyl. Representative aryl 
groups include phenyl and naphthyl. 

[0161] “Amino acid” means an amino acid selected from 
the group consisting of natural and unnatural amino acids as 
de?ned herein. The amino acids may be neutral, positive or 
negative depending on the substituents in the side chain. 
“Neutral amino acid” means an amino acid containing 
uncharged side chain substituents. Exemplary neutral amino 
acids include alanine, valine, leucine, isoleucine, proline, 
phenylalanine, tryptophan, methionine, glycine, serine, 
threonine and cysteine. “Positive amino acid” means an 
amino acid in Which the side chain substituents are posi 
tively charged at physiological pH. Exemplary positive 
amino acids include lysine, arginine and histidine. “Negative 
amino acid” means an amino acid in Which the side chain 
substituents bear a net negative charge at physiological pH. 
Exemplary negative amino acids include aspartic acid and 
glutamic acid. Preferred amino acids are ot-amino acids. The 
most preferred amino acids are ax-amino acids having L 
stereochemistry at the ot-carbon. 

[0162] “Natural amino acid” means an ot-amino acid 
selected from the group consisting of alanine, valine, leu 
cine, isoleucine, proline, phenylalanine, tryptophan, 
methionine, glycine, serine, threonine, cysteine, tyrosine, 
asparagine, glutamine, lysine, arginine, histidine, aspartic 
acid and glutamic acid. 

[0163] “Unnatural amino acid” means an amino acid for 
Which is no nucleic acid codon. Examples of unnatural 
amino acids include, for example, the D-isomers of the 
natural ot-amino acids such as D-proline (D-P, D-Pro) as 
indicated above; Aib (aminobutyric acid), bAib (3-ami 
noisobutyric acid), Nva (norvaline), [3-Ala, Aad (2-aminoa 
dipic acid), bAad (3-aminoadipic acid), Abu (2-aminobu 
tyric acid), Gaba (y-aminobutyric acid), Acp 
(6-aminocaproic acid), Dbu (2,4-diamninobutryic acid), 
ot-aminopimelic acid, TMSA (trimethylsilyl-Ala), alle (allo 
isoleucine), Nle (norleucine), tert-Leu, Cit (citrulline), Orn 
(ornithine, O), Dpm (2,2‘-diaminopimelic acid), Dpr (2,3 
diaminopropionic acid), ot- or [3-Nal, Cha (cyclohexyl-Ala), 
hydroxyproline, Sar (sarcosine), and the like; cyclic amino 
acids; Na-alkylated amino acids such as MeGly (Na-meth 
ylglycine), EtGly (Na-ethylglycine) and EtAsn (Na-ethylas 
paragine); and amino acids in Which the ot-carbon bears tWo 
side-chain substituents. 

[0164] “Peptide” and “polypeptide” mean a polymer in 
Which the monomers are amino acid residues joined together 
through amide bonds. Preferred peptide compounds of the 
present invention are those comprising ot-amino acids. “Pep 
tide compound” means a compound comprising a peptide as 
de?ned herein. 

[0165] “Amino acid residue” means the individual amino 
acid units incorporated into the peptide compounds of the 
invention. 

[0166] The names of natural and unnatural amino acids 
and residues thereof used herein folloW the naming conven 
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tions suggested by the IUPAC Commission on the Nomen 
clature of Organic Chemistry and the IUPAC-IUB Commis 
sion on Biochemical Nomenclature as set out in 

“Nomenclature of (X-AIIIIIIO Acids (Recommendations, 
1974)” Biochemistry, 14(2), (1975). To the extent that the 
names and abbreviations of amino acids and residues thereof 
employed in this speci?cation and appended claims differ 
from those noted, differing names and abbreviations Will be 
made clear. 

[0167] “Equivalent amino acid” means an amino acid 
Which may be substituted for another amino acid in the 
peptide compounds according to the invention Without any 
appreciable loss of function. In making such changes, sub 
stitutions of like amino acids is made on the basis of relative 
similarity of side chain substituents, for example regarding 
siZe, charge, hydrophilicity, hydropathicity and hydropho 
bicity as described herein. The phrase “or an equivalent 
amino acid thereof” When used folloWing a list of individual 
amino acids means an equivalent of each of the individual 
amino acids included in the list. 

[0168] As detailed in Us. Pat. No. 4,554,101, incorpo 
rated herein by reference, the folloWing hydrophilicity val 
ues have been assigned to amino acid residues: Arg (+3.0); 
Lys (+3.0); Asp (+3.0); Glu (+3.0); Ser (+0.3); Asn (+0.2); 
Gln (+0.2); Gly (0); Pro (—0.5); Thr (—0.4); Ala (—0.5); His 
(—0.5); Cys (—1.0); Met (—1.3); Val (—1.5); Leu (—1.8); lie 
(—1.8); Tyr (—2.3); Phe (—2.5); and Trp (—3.4). It is under 
stood that an amino acid residue can be substituted for 
another having a similar hydrophilicity value (e.g., Within a 
value of plus or minus 2.0) and still obtain a biologically 
equivalent polypeptide. 

[0169] In a similar manner, substitutions can be made on 
the basis of similarity in hydropathic index. Each amino acid 
residue has been assigned a hydropathic index on the basis 
of its hydrophobicity and charge characteristics. Those 
hydropathic index values are: Ile (+4.5); Val (+4.2); Leu 
(+3.8); Phe (+2.8); Cys (+2.5); Met (+1.9); Ala (+1.8); Gly 
(—0.4); Thr (—0.7); Ser (—0.8); Trp (—0.9); Tyr (—1.3); Pro 
(—1.6); His (—3.2); Glu (—3.5); Gln (—3.5); Asp (—3.5); Asn 
(—3.5); Lys (—3.9); and Arg (4.5). In making a substitution 
based on the hydropathic index, a value of Within plus or 
minus 2.0 is preferred. 

[0170] In the peptide compounds of this invention, the 
ester, amide, disul?de or lanthionine bond Which links tWo 
amino acid residues is formed betWeen the side-chain func 
tionalities. Thus, an amide is bond is +formed betWeen the 
side-chain carboxyl group of an acidic amino acid residue 
and the side-chain amino group of a basic amino acid 
residue. Preferred acidic amino acid residues include Asp, 
Glu, —NHCH[(CH2)3CO2H]CO— and —NHCH 
[(CH2)4CO2H]CO—, Asp being most preferred. Preferred 
basic amino acid residues include His, Lys, Orn, 
—NHCH(CH2NH2)CO— and —NHCH[(CH2)2NH2] 
CO—, Lys being most preferred. 

[0171] Ester bonds are formed betWeen the side-chain 
carboxyl group of an acidic amino acid residue as described 
above and the side chain hydroxy group of an amino acid 
residue such as Ser, Thr, Tyr and the like, Ser and Thr being 
especially preferred. 

[0172] Disul?des are formed from amino acid residues 
containing side chain sulfhydryl groups. Cys is especially 
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preferred for the formation of disul?de bonds. Lanthionine 
bridges are formed by desulfuriZation of the corresponding 
disul?de. 

[0173] The number of atoms in the bridge resulting from 
the amide, ester, disul?de or lanthionine bond formed as 
described above Will vary depending on the length of the 
side chain and the type of bond (i.e., amide, ester, disul?de 
or lanthionine). The bridge preferably comprises from 4 to 
12 atoms, more preferably from 6 to 10 atoms. A further 
preferred number of atoms contained in the bridge is 7, this 
bridge preferably comprising an amide bond betWeen the 
side-chain functionalities of a Lys and an Asp residue. 

[0174] A representative peptide compound of the present 
invention is denoted, for example, as cyclo(K18-D22)[A1, 
Nle8, K18, D22,L27]hPTH(1-31)NH2 With the linked amino 
acid residues in the parenthesis folloWing “cyclo” and 
substituted amino acids from the natural sequence are placed 
in brackets. hPTH stands for human parathyroid hormone 
and hPTHrP for human parathyroid hormone-related pro 
tein. The numbers in the second parenthesis refer to the 
number of amino acid residues in the peptide compound, 
beginning at the N-terminus (i.e., the ?rst 31 amino acids of 
hPTH). 
[0175] Where the peptide compound of the present inven 
tion is substituted With a basic moiety, acid addition salts are 
formed and are simply a more convenient form for use; and 
in practice, use of the salt form inherently amounts to use of 
the free base form. The acids Which can be used to prepare 
the acid addition salts include preferably those Which pro 
duce, When combined With the free base, pharmaceutically 
acceptable salts, that is, salts Whose anions are non-toxic to 
the patient in pharmaceutical doses of the salts, so that the 
bene?cial effects inherent in the free base are not vitiated by 
side effects ascribable to the anions. Although pharmaceu 
tically acceptable salts of said basic compounds are pre 
ferred, all acid addition salts are useful as sources of the free 
base form even if the particular salt, per se, is desired only 
as an intermediate product as, for example, When the salt is 
formed only for purposes of puri?cation, and identi?cation, 
or When it is used as intermediate in preparing a pharma 
ceutically acceptable salt by ion exchange procedures. Phar 
maceutically acceptable salts Within the scope of the inven 
tion are those derived from the folloWing acids: mineral 
acids such as hydrochloric acid, sulfuric acid, phosphoric 
acid and sulfamic acid; and organic acids such as acetic acid, 
citric acid, lactic acid, tartaric acid, malonic acid, methane 
sufonic acid, ethanesulfonic acid, benZenesulfonic acid, 
p-toluenesulfonic acid, cyclohexylsulfamic acid, quinic 
acid, and the like. The corresponding acid addition salts 
comprise the folloWing: hydrohalides, e.g. hydrochloride 
and hydrobromide, sulfate, phosphate, nitrate, sulfamate, 
acetate, citrate, lactate, tartarate, malonate, oxalate, salicy 
late, propionate, succinate, fumarate, maleate, methylene 
bis-p-hydroxynaphthoates, gentisates, mesylates, isethion 
ates and di-p-toluoyltartratesmethanesulfonate, 
ethanesulfonate, benZenesulfonate, p-toluenesulfonate, 
cyclohexylsulfamate and quinate, respectively. 

[0176] According to a further feature of the invention, acid 
addition salts of the peptide compounds of this invention are 
prepared by reaction of the free base With the appropriate 
acid, by the application or adaptation of knoWn methods. For 
example, the acid addition salts of the peptide compounds of 
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this invention are prepared either by dissolving the free base 
in aqueous or aqueous-alcohol solution or other suitable 
solvents containing the appropriate acid and isolating the 
salt by evaporating the solution, or by reacting the free base 
and acid in an organic solvent, in Which case the salt 
separates directly or can be obtained by concentration of the 
solution. 

[0177] Preferred acid addition salts are the tri?uoroac 
etate, acetate and hydrochloride. The acetate and tetrahy 
drochloride salts are especially preferred. 

[0178] The peptide compounds of this invention can be 
regenerated from the salts by the application or adaptation of 
knoWn methods. For example, parent peptide compounds of 
the invention can be regenerated from their acid addition 
salts by treatment With an alkali, e.g. aqueous sodium 
bicarbonate solution or aqueous ammonia solution. 

[0179] Where the peptide compound of the invention is 
substituted With an acidic moiety, base addition salts may be 
formed and are simply a more convenient form for use; and 
in practice, use of the salt form inherently amounts to use of 
the free acid form. The bases Which can be used to prepare 
the base addition salts include preferably those Which pro 
duce, When combined With the free acid, pharmaceutically 
acceptable salts, that is, salts Whose cations are non-toxic to 
the animal organism in pharmaceutical doses of the salts, so 
that the bene?cial effects inherent in the free acid are not 
vitiated by side effects ascribable to the cations. Pharma 
ceutically acceptable salts, including for example alkali and 
alkaline earth metal salts, Within the scope of the invention 
are those derived from the folloWing bases: sodium hydride, 
sodium hydroxide, potassium hydroxide, calcium hydrox 
ide, aluminum hydroxide, lithium hydroxide, magnesium 
hydroxide, Zinc hydroxide, ammonia, trimethylammonia, 
triethylammonia, ethylenediamine, n-methyl-glucamine, 
lysine, arginine, ornithine, choline, N,N‘-dibenZylethylene 
diamine, chloroprocaine, diethanolamine, procaine, n-ben 
Zylphenethylamine, diethylamine, piperaZine, tris(hy 
droxymethyl)-aminomethane, tetramethylammonium 
hydroxide, and the like. 

[0180] Metal salts of peptide compounds of the present 
invention may be obtained by contacting a hydride, hydrox 
ide, carbonate or similar reactive compound of the chosen 
metal in an aqueous or organic solvent With the free acid 
form of the peptide compound. The aqueous solvent 
employed may be Water or it may be a mixture of Water With 
an organic solvent, preferably an alcohol such as methanol 
or ethanol, a ketone such as acetone, an aliphatic ether such 
as tetrahydrofuran, or an ester such as ethyl acetate. Such 
reactions are normally conducted at ambient temperature but 
they may, if desired, be conducted With heating. 

[0181] Amine salts of peptide compounds of the present 
invention may be obtained by contacting an amine in an 
aqueous or organic solvent With the free acid form of the 
peptide compound. Suitable aqueous solvents include Water 
and mixtures of Water With alcohols such as methanol or 
ethanol, ethers such as tetrahydrofuran, nitrites such as 
acetonitrile, or ketones such as acetone. Amino acid salts 
may be similarly prepared. 

[0182] The base addition salts of the peptide compounds 
of this invention can be regenerated from the salts by the 
application or adaptation of knoWn methods. For example, 
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parent peptide compounds of the invention can be regener 
ated from their base addition salts by treatment With an acid, 
eg hydrochloric acid. 

[0183] As Well as being useful in themselves as active 
compounds, salts of peptide compounds of the invention are 
useful for the purposes of puri?cation of the peptide com 
pounds, for example by exploitation of the solubility differ 
ences betWeen the salts and the parent peptide compounds, 
side products and/or starting materials by techniques Well 
knoWn to those skilled in the art. 

[0184] “Pharmaceutically acceptable ester” means esters 
Which hydrolyZe in vivo and include those that break doWn 
readily in the human body to leave the parent peptide 
compound or a salt thereof. Suitable ester groups include, 
for example, those derived from pharmaceutically accept 
able aliphatic carboxylic acids, particularly alkanoic, alk 
enoic, cycloalkanoic and alkanedioic acids, in Which each 
alkyl or alkenyl moiety advantageously has not more than 6 
carbon atoms. Examples of particular esters includes for 
mates, acetates, propionates, butyrates, acrylates and ethyl 
succinates. 

[0185] “Prodrug” means a compound Which is rapidly 
transformed in vivo to yield the parent peptide compound, 
for example by hydrolysis in blood. “Pharmaceutically 
acceptable prodrug” means a compound Which is, Within the 
scope of sound medical judgement, suitable for pharmaceu 
tical use in a patient Without undue toxicity, irritation, 
allergic response, and the like, and effective for the intended 
use, including a pharmaceutically acceptable ester as Well as 
a ZWitterionic form, Where possible, of the peptide com 
pounds of the invention. Pharmaceutically acceptable pro 
drugs according to the invention are described in T. Higuchi 
and V. Stella, Pro-drugs as Novel Delivery Systems, Vol. 14 
of the A.C.S. Symposium Series, and in EdWard B. Roche, 
ed., Bioreversible Carriers in Drug Design, American Phar 
maceutical Association and Pergamon Press, 1987, both of 
Which are incorporated herein by reference. 

[0186] “Solvate” means a physical association of a com 
pound of this invention With one or more solvent molecules. 
This physical association involves varying degrees of ionic 
and covalent bonding, including hydrogen bonding. In cer 
tain instances the solvate Will be capable of isolation, for 
example When one or more solvent molecules are incorpo 
rated in the crystal lattice of the crystalline solid. “Solvate” 
encompasses both solution-phase and isolable solvates. Rep 
resentative solvates include ethanolates, methanolates, and 
the like. “Hydrate” is a solvate Wherein the solvent mol 
ecule(s) is/are H20. 
[0187] The peptide compounds of the present invention 
may contain asymmetric centers in addition to the chiral 
centers in the backbone of the peptide compound. These 
asymmetric centers may independently be in either the R or 
S con?guration. It Will also be apparent to those skilled in 
the art that certain peptide compounds of formula I may 
exhibit geometrical isomerism. Geometrical isomers include 
the cis and trans forms of peptide compounds of the inven 
tion having alkenyl moieties. The present invention com 
prises the individual geometrical isomers and stereoisomers 
and mixtures thereof. 

[0188] Such isomers can be separated from their mixtures, 
by the application or adaptation of knoWn methods, for 
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example chromatographic techniques and recrystalliZation 
techniques, or they are separately prepared from the appro 
priate isomers of their intermediates, for example by the 
application or adaptation of methods described herein. 

[0189] Preferred Embodiments 

[0190] Peptide compounds contemplated as falling Within 
the scope of the present invention include, but are not 
limited to 
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[0268] or a pharrnaceutically acceptable salt or prodrug 
thereof. 

[0269] A preferred cyclic peptide compound of formula 2 
has formula I above Wherein the bridge formed from the side 
chains of one pair of amino acid residues is non-overlapping 
With a bridge formed between the side chains of another pair 
of amino acid residues. 

[0270] A more preferred cyclic peptide compound of 
formula 3 has formula 2 above Wherein A10 is Ala, Asn, Asp, 
Gly or Lys; A13 is Ala, Gly or Lys; A14 is Ala, Asp, Gly, His, 
Lys or Ser; A17 is Ala, Asp, Gly, Lys or Ser; A18 is Asp, Leu, 
Lys, Orn or Nle; A21 is Arg, Asp, Lys or Val; A22 is Asp, Glu, 
Lys, Orn or Phe; A25 is Arg, Asp, Glu, His or Lys; A26 is His 
or Lys; A29 is Ala, Asp, Glu or Gln; A30 is Asp, Glu or Lys, 
and 

[0271] the side chains of at least one of the following 
pairs of amino acid residues, A10 and A14, A13 and 
A17, A14 and A18, A17 and A21, A18 and A22, A21 and 
A25, A25 and A29 and A26 and A30 are linked through 
an amide bond to form a bridge, and the side chain 
of each of the folloWing amino acid residues, A10, 
A13> A14> A17> A18’ A21> A22> A25> A26’ A29> and A30 
contributes, at most, to the formation of a single and 
non-overlapping bridge; provided 

[0272] (a) that When the side chains of the pair of 
amino acid residues A13 and A17 are linked through 
an amide bond to form a bridge, then the side chains 
of at least one of the folloWing pairs of amino acid 
residues, A18 and A22, A21 and A25, and A25 and A29 
are also linked through an amide bond to form a 
bridge; 

[0273] (b) that When the side chains of the folloWing 
pair of amino acid residues A26 and A30 are linked 
through an amide bond to form a bridge, then the 
side chains of at least one of the folloWing pairs of 
amino acid residues A10 and A14, A14 and A18, A17 
and A21,A18 and A22 and A21 and A25 are also linked 
through an amide bond to form a bridge; and 

[0274] (c) that When the side chains of the folloWing 
pairs of amino acid residues A13 and A17 and A26 and 
A30 are linked through an amide bond to form a 
bridge, then the side chains of one of the folloWing 
pairs of amino acid residues A18 and A22 and A21 and 
A25 are also linked through an amide bond to form a 
bridge. 

[0275] Another more preferred cyclic peptide compound 
of formula 4 has formula 3 above wherein R1'‘) is H and Y is 
NH2. 
[0276] Certain cyclic peptide compounds of this invention 
possess agonist activity on the parathyroid hormone receptor 
and accordingly are useful in the treatment of physiological 
conditions associated With bone cell calciurn regulation 
including hypocalcernia; osteoporosis; osteopenia; and dis 
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orders associated With osteoporosis and osteopenia such as 
hyperparathyroidisrn, hypoparathyroidisrn, and Cushings 
syndrorne; glucocorticoid- and irnrnunosuppressant-induced 
osteopaenia; and bone fracture and bone refracture repair. 

[0277] A preferred cyclic peptide agonist compound of 
formula 5 has formula 4 above Wherein X is 

[0281] Arnore preferred cyclic peptide agonist compound 
of formula 6 has formula 5 above Wherein A1 is Ala, Gly or 
D-Pro; A8 is Nle and A27 is Leu. 

[0282] Another more preferred cyclic peptide agonist 
compound of formula 7 has formula 6 above Wherein 

[0283] the side chains of A10 and A14 are linked 
through an amide bond to form a bridge; 

[0284] (ii) the side chains of A14 and A18 are linked 
through an amide bond to form a bridge; 

[0285] (iii) the side chains of A17 and A21 are linked 
through an amide bond to form a bridge; 

[0286] (iv) the side chains of A18 and A22 are linked 
through an arnid bond to form a bridge; 

[0287] (v) the side chains of A21 and A25 are linked 
through an amide bond to form a bridge; or 

[0288] (vi) the side chains of A25 and A29 are linked 
through an amide bond to form a bridge. 

[0289] Another more preferred cyclic peptide agonist 
compound has forrnula above Wherein A10 is Asp or Lys; 
A13 is Lys; A14 is Asp or Lys; A14 is Asp or Ser; A18 is Nle; 
A21 is Arg or Val; A22 is Glu or Phe; A25 is Arg or His; A26 
is Lys or His, A29 is Ala or Gln; and A30 is Asp or Glu; and 
the side-chains of A10 and A14 are linked through an amide 
bond to form a bridge. 

[0290] Another more preferred cyclic peptide agonist 
compound has forrnula (ii) above Wherein A10 is Asn or Asp; 
A13 is Lys; A14 is Asp or Lys; A17 is Asp or Ser; A18 is Nle; 
A21 is Arg or Val; A22 is Glu or Phe; A25 is Arg or His; A26 
is His or Lys; A29 is Ala or Gln; and A30 is Asp or Glu; and 
the side chains of A14 and A18 are linked through an amide 
bond to form a bridge. 

[0291] Another more preferred cyclic peptide agonist 
compound has forrnula (iii) above Wherein A10 is Asn or 
Asp; A13 is Lys; A14 is His or Ser; A17 is Asp or Lys; A18 is 
Nle; A21 is Asp or Lys; A22 is Glu or Phe; A25 is Arg or His; 
A26 is His or Lys; A29 is Ala or Gln; and A30 is Asp or Glu; 
and the side chains of A17 and A21 are linked through an 
amide bond to form a bridge. 

[0292] Another more preferred cyclic peptide agonist 
compound has forrnula (iv) above Wherein A10 is Asn or 
Asp; A13 is Lys; A14 is His or Ser; A17 is Asp or Ser; A18 is 
Asp, Lys or Orn; A21 is Arg or Val; A22 is Asp, Glu, Lys or 
Orn; A25 is Arg or His; A26 is His or Lys; A29 is Ala or Gln; 
and A30 is Asp or Glu; and the side chains of A18 and A22 are 
linked through an amide bond to form a bridge. 

[0293] Another more preferred cyclic peptide agonist 
compound has formula (V) above Wherein A10 is Asn or Asp; 
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A13 is Lys; A14 is His or Ser; A17 is Asp or Ser; A18 is Nle; 
A21 is Asp or Lys; A22 is Glu or Phe; A25 is Asp or Lys; A26 
is His or Lys; A29 is Ala or Gln; and A30 is Asp or Glu; and 
the side chains of A21 and A25 are linked through an amide 
bond to form a bridge. 

[0294] Another more preferred cyclic peptide agonist 
compound has formula (vi) above Wherein A10 is Asn or 
Asp; A13 is Lys; A14 is His or Ser; A17 is Asp or Ser; A18 is 
Nle; A21 is Arg or Val; A22 is Glu or Phe; A25 is Asp or Lys; 
A26 is His or Lys; A29 is Asp or Lys; and A30 is Asp or Glu; 
and the side chains of A25 and A29 are linked through an 
amide bond to form a bridge. 

[0295] Another more preferred cyclic peptide agonist 
compound of formula 8 has formula 6 above Wherein 

[0296] (vii) the side-chains of A13 and A17 are linked 
through an amide bond and the side-chains of A18 
and A22 are linked through an amide bond to form a 
bridge; or 

[0297] (viii) the side-chains of A18 and A22 are linked 
through an amide bond and the side-chains of A26 
and A30 are linked through an amide bond to form a 
bridge. 

[0298] Another more preferred cyclic peptide agonist 
compound has formula (vii) above Wherein A10 is Asn or 
Asp; A13 is Lys or Asp; A14 is His or Ser; A17 is Lys or Asp; 
A18 is Lys or Asp; A21 is Val or Arg; A22 is Glu, Lys or Asp; 
A25 is Arg or His; A26 is His or Lys; A29 is Ala or Gln; and 
A30 is Asp or Glu; and the side-chains of A13 and A17 are 
linked through an amide bond and the side-chains of A1 8 and 
A22 are linked through an amide bond to form a bridge. 

[0299] Another more preferred cyclic peptide agonist 
compound has formula (viii) above Wherein A10 is Asn or 
Asp; A13 is Lys; A14 is His or Ser; A17 is Ser or Asp; A18 is 
Lys or Asp; A21 is Val or Arg; A22 is Glu, Lys or Asp; A25 
is Arg or His; A26 is Lys or Asp; A29 is Ala or Gln; and A30 
is Lys or Asp; and the side-chains of A18 and A22 are linked 
through an amide bond and the side-chains of A26 and A30 
are linked through an amide bond to form a bridge. 

[0300] Another more preferred cyclic peptide agonist 
compound of formula 9 has formula 6 above Wherein the 
side-chains of A13 and A17 are linked through an amide bond 
and the side-chains of A18 and A22 are linked through an 
amide bond and the side chains of A26 and A30 are linked 
through an amide bond to form a bridge. 

[0301] Another more preferred cyclic peptide agonist 
compound of formula 10 has formula 9 above Wherein A10 
is Asn or Asp; A13 is Lys or Asp; A14 is His or Ser; A17 is Lys 
or Asp; A18 is Lys or Asp; A21 is Val or Arg; A22 is Glu, Lys 
or Asp, A25 is Arg or His; A26 is Lys or Asp; A29 is Ala or 
Gln; and A30 is Lys or Asp. 

[0302] More preferred cyclic peptide agonist compounds 
of this invention include: 
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[0384] Cyclo(K18-D22)[A1,G1O,Nle8,K18,D22,L27] 
hPTH(1-31)NH2 (SEQ ID NO: 29) 

[0385] Cyclo(K18-D22)[A1,G13,Nle8,K18,D22,L27] 
hPTH(1-31)NH2 (SEQ ID NO: 31) 

[0386] Cyclo(K18-D22)[A1,G16,Nle8,K18,D22,L27] 
hPTH(1-31)NH2 (SEQ ID NO: 34) 

[0387] Cyclo(K18-D22)[A1,G17,Nle8,K18,D22,L27] 
hPTH(1-31)NH2 (SEQ ID NO: 35) 

[0388] Cyclo(K18-D22)[D-P1,Nle8,K18,D22,L27] 
hPTH(1-31)NH2 (SEQ ID NO: 36) 

[0389] Cyclo(K18-D22)[A1,Nle8,D18,D22,L27] 
hPTH(1-31)NH2 (SEQ ID NO: 47) 

[0390] Cyclo(K18-D22)[A1,Nle8,O18,D22,L27] 
hPTH(1-31)NH2 (SEQ ID NO: 48) 

[0391] Cyclo(K18-D22)[A1,Nle8,D18,O22,L27] 
hPTH(1-31)NH2 (SEQ ID NO: 49) 

[0392] Cyclo(K18-D22)[A1,Nle8,K18,E22,L27] 
hPTH(1-31)NH2 (SEQ ID NO: 50) 

[0393] Cyclo(K18-D22)[A1,Nle8,O18,E22,L27] 
hPTH(1-31)NH2 (SEQ ID NO: 51) 

[0394] Cyclo(K18-D22)[A1,Nle8,K18,D22,L27] 
hPTH(1-30)NH2 (SEQ ID NO: 52) 

[0395] Cyclo(K18-D22)[A1,Nle8,K18,D22,L27] 
hPTH(1-29)NH2 (SEQ ID NO: 53) 

[0396] Cyclo(K18-D22)[A1,Nle8,K18,D22,L27] 
hPTH(1-28)NH2 (SEQ ID NO: 54) 

[0397] Cyclo(K18-D22)[A1,Nle8’18,K1O,D14,L27] 
hPTH(1-31)NH2 (SEQ ID NO: 66) 

[0398] Cyclo(K18-D22)[A1,Nle8,K14,D18,L27] 
hPTH(1-31)NH2 (SEQ ID NO: 67) 

[0399] Cyclo(K18-D22)[A1,Nle8’18,K17,D21,L27] 
hPTH(1-31)NH2 (SEQ ID NO: 68) 

[0400] cyc10(I<18-D22)[A1,N1e8>18,I<21,D25,L27] 
hPTH(1-31)NH2 (SEQ ID NO: 69) 

[0401] cyc10(I<18-D22)[A1,N1e8>18,I<25,D29,L27] 
hPTH(1-31)NH2 (SEQ ID NO: 70) 

[0402] Cyclo(K18;D22)[K18,D22]hPTH(1-34)NH2 SEQ ID NO: 71 

[0403] CyC1O(K18_D22)[K18,26,3O,D22,L23,28,31,E25,29] 
hPTH(1-34)NH2 (SEQ ID NO: 72) 

[0404] Bicyclo(K1s-D17,K18,D22)[A1,Nle8,D17>22, 
K18,L27]hPTH(1-31)NH2 (SEQ ID NO: 73) 

[0405] Bicyclo(K18-D22,K26,D3O)[A1,Nle8,K18,D22, 
L27]hPTH(1-31)NH2 (SEQ ID NO: 74) 

[0406] Tricyclo(K1s-D17,K18-D22,K26-D3O)[A1,Nle8, 
K18,D17’22,L27]hPTH(1-34)NH2 (SEQ ID NO: 80) 

[0407] or a pharrnaceutically acceptable salt or prodrug 
thereof. 

[0408] Still yet more preferred cyclic peptide agonist 
compounds include: 

[0409] Cyclo(K18-D22)[A1,Nle8,K18,D22,L27] 
hPTH(1-31)NH2 (SEQ ID NO: 3) 

12 
Sep. 19, 2002 

[0410] Cyclo(K18-D22)[A1,Nle8,K18,D22,L27] 
hPTII(1-343)NII2 (SEQ ID NO: 46) 

[0421] Cyclo(K18-D22)[D-P1,Nle8,K18,D22,L27] 
hPTII(1-31)NII2 (SEQ ID NO: 36) 

[0422] Cyclo(K18-D22)[A1,Nle8,D18,D22,L27] 
hPTII(1-31)NII2 (SEQ ID NO: 47) 

[0423] Cyclo(K18-D22)[A1,Nle8,K18,E22,L27] 
hPTII(1-31)NII2 (SEQ ID NO: 50) 

[0424] Cyclo(K18-D22)[A1,Nle8,O18,E22,L27] 
hPTII(1-31)NII2 (SEQ ID NO: 51) 

[0426] Cyclo(K18-D22)[A1,Nle8,K14,D18,L27] 
hPTII(1-31)NII2 (SEQ ID NO: 67) 

[0431] or a pharInaceutically acceptable salt or prodrug 
thereof. 

[0432] Another still yet more preferred cyclic peptide 
agonist compound is Bicyclo(K13-D17,K26-D3O)[A1,Nle8’18, 
D17L27]hPTH(1-31)NH2(SEQ ID NO: 79) or a pharInaceu 
tically acceptable salt or prodrug thereof. 

[0433] Certain cyclic peptide compounds of this invention 
inhibit the action of PTH. Such cyclic peptide antagonist 
compounds are useful in the treatment of disorders charac 
teriZed by an excess of PTH such as hyperparathyrodisrn and 
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hyperparathyrodism-related hypercalcemia crisis, hypercal 
cemia of malignancy, renal failure and hypertension. 

[0434] Apreferred cyclic peptide antagonist compound of 
formula 10 has formula 6 above Wherein X is 

[0442] A more preferred cyclic peptide antagonist com 
pound of formula 11 has formula 10 above Wherein A8 is Nle 
and A27 is Leu. 

[0443] Another more preferred cyclic peptide antagonist 
compound of formula 12 has formula 11 above Wherein 
Wherein the side chains of A18 and A22 are linked through an 
amide bond to form a bridge. 

[0444] Another more preferred cyclic peptide antagonist 
compound of formula 13 has formula 12 above Wherein A10 
is Asn or Asp; A13 is Lys; A14 is His or Ser; A17 is Asp or Ser; 
A18 is Asp, Lys or Orn; A21 is Arg or Val; A22 is Asp, Glu, 
Lys or Orn; A25 is Arg or His; A26 is His or Lys; A29 is Ala 
or Gln; and A30 is Asp or Glu. 

[0445] More preferred cyclic peptide antagonist com 
pounds include: 

[0446] cyclo(K18-D22)[K18,D22,L27]hPTH(10 
31)NII2 (SEQ ID NO: 56) 

[0453] cyclo(K18-D22)[Nle8,K18,D22,L27]hPTH(7 
34)NII2 (SEQ ID NO: 65); and 

[0455] or a pharmaceutically acceptable salt or prodrug 
thereof. 

[0456] Certain acyclic peptide compounds of this inven 
tion also possess agonist activity on the parathyroid hor 
mone receptor and accordingly are useful in the treatment of 
physiological conditions associated With bone cell calcium 
regulation including hypocalcemia; osteoporosis; osteope 
nia; and disorders associated With osteoporosis and osteope 
nia such as hyperparathyroidism, hypoparathyroidism, and 
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Cushings syndrome; glucocorticoid- and immunosuppres 
sant-induced osteopaenia; and bone fracture and bone 
refracture repair. 

[0457] A preferred acyclic peptide agonist compound of 
formula 14 is the peptide compound of formula II Wherein 
R12 is H and Y is NH2. 

[0458] A more preferred acyclic peptide agonist com 
pound of formula 15 has formula 14 above Wherein X is 

[0462] Another more preferred acyclic peptide agonist 
compound of formula 16 has formula 15 above Wherein A1 
is Ser, Ala, Gly or D-Pro; A2 is Ala, Val or Gly; A3 is Ala, 
Ser, Gly or D-Pro; A4 is Glu, Ala or Gly; A5 is Ile, His, Ala 
or Gly; A6 is Ala, Gln, Gly or D-Pro; A7 is Ala, Leu, Gly; A8 
is Leu, Nle, Gly or D-Pro; A9 is His, Ala, Gly or D-Pro; A10 
is Ala, Asn, Gly, Asp or D-Pro; A11 is Ala, Gly, Leu or Lys; 
A12 is Ala or Gly; A13 is Ala, Gly or Lys; A14 is Ala, Gly, His, 
Ser or D-Pro; A15 is Ala, Gly, Ile or D-Pro; A16 is Asn, Ala, 
Gly, D-Pro or Gln; A17 is Ala, Asp, Gly, Ser or D-Pro; A18 
is Lys; A19 is Arg or Glu; A20 is Arg; A21 is Arg or Val; A22 
is Asp, Lys, Orn or Glu; A23 is Leu, Phe or Trp; A24 is Leu; 
A25 is Arg or His; A26 is Lys or His; A27 is Leu or Lys; A28 
is Ile or Leu or an equivalent amino acid thereof; A29 is Ala 
or Gln; A30 is Asp or Glu; A31 is Ile, Leu or Val; A32 is His; 
A33 is Asn or Thr; and A34 is Ala or Phe. 

[0463] Another more preferred acyclic peptide agonist 
compound of formula 17 has formula 16 above Wherein A1 
is Ala, Gly or D-Pro; A8 is Nle, A22 is Asp and A27 is Leu. 

[0464] Another more preferred acyclic peptide agonist 
compound of formula 18 has formula 17 above Wherein X 
is R1,-A1 -A2-A3-A4-A5-A6-A7-A8-A9-. 
[0465] Astill more preferred acyclic peptide agonist com 
pound is 

[0466] [A1,Nle8,K18,D22,L27]hPTH(1-31)NH2 (SEQ 
ID NO: 4) or a pharmaceutically acceptable salt or 
prodrug thereof. 

[0467] It is to be understood that this invention covers all 
appropriate combinations of the preferred aspects of the 
invention referred to herein. 

[0468] Synthesis of the Peptide Compounds 

[0469] The peptide compounds of the present invention 
may be synthesiZed by any techniques that are knoWn to 
those skilled in the art of peptide synthesis. For solid phase 
peptide synthesis, a summary of the many techniques may 
be found in J. M. SteWart and J. D. Young, Solid Phase 
Peptide Synthesis, W. H. Freeman Co. (San Francisco), 1963 
and J. Meienhofer, Hormonal Proteins and Peptides, vol. 2, 
p. 46, Academic Press (NeW York), 1973. For classical 
solution synthesis see G. Schroder and K. Lupke, The 
Peptides, vol. 1, Academic Press (NeW York), 1965. 

[0470] In general, these methods comprise the sequential 
addition of one or more amino acids or suitably protected 
amino acids to a groWing peptide chain. Normally, either the 
amino or carboXyl group of the ?rst amino acid is protected 
by a suitable protecting group. The protected or derivatiZed 
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amino acid can then either be attached to an inert solid 
support or utilized in solution by adding the neXt amino acid 
in the sequence having the complimentary (arnino or car 
boXyl) group suitably protected, under conditions suitable 
for forming the amide linkage. The protecting group is then 
removed from this neWly added amino acid residue and the 
neXt amino acid (suitably protected) is then added, and so 
forth. After all the desired amino acids have been linked in 
the proper sequence, any remaining protecting groups (and 
any solid support) are removed sequentially or concurrently, 
to afford the ?nal peptide cornpound. By sirnple rnodi?ca 
tion of this general procedure, it is possible to add more than 
one amino acid at a time to a groWing chain, for example, by 
coupling (under conditions Which do not racerniZe chiral 
centers) a protected tripeptide With a properly protected 
dipeptide to form, after deprotection, a pentapeptide and so 
forth. 

[0471] A preferred method of preparing the peptide corn 
pounds of the present invention involves solid phase peptide 
synthesis. 

[0472] In this particularly preferred method the alpha 
arnino function is protected by an acid or base sensitive 
group. Such protecting groups should have the properties of 
being stable to the conditions of peptide linkage forrnation, 
While being readily rernovable Without destruction of the 
groWing peptide chain or racerniZation of any of the chiral 
centers contained therein. Suitable protecting groups are 
9—?uorenylrnethyloXycarbonyl (Frnoc), t-butyloXycarbonyl 
(Boc), benZyloXycarbonyl (CbZ), biphenylisopropyloXycar 
bonyl, t-arnyloXycarbonyl, isobornyloXycarbonyl, 
(ot,ot)dirnethyl-3,5-dirnethoXybenZyloXycarbonyl, o-nitro 
phenylsulfenyl, 2-cyano-t-butyloXycarbonyl, and the like. 
The 9—?uorenylrnethyloXycarbonyl (Frnoc) protecting group 
is preferred. 

[0473] Particularly preferred side chain protecting groups 
are, for side chain amino groups as in lysine and arginine: 
2,2,5,7,8-pentarnethylchrornan-6-sulfonyl (prnc), nitro, 
p-toluenesulfonyl, 4-rnethoXybenZenesulfonyl, CbZ, Boc, 
Alloc (allyloXycarbonyl) and adarnantyloXycarbonyl; for 
tyrosine: benZyl, o-brornobenZyloXycarbonyl, 2,6-dichlo 
robenZyl, isopropyl, t-butyl (t-Bu), cycloheXyl, cyclopenyl 
and acetyl (Ac); for serine: t-butyl, benZyl and tetrahydro 
pyranyl; for histidine: trityl, benZyl, CbZ, p-toluenesulfonyl 
and 2,4-dinitrophenyl; for tryptophan: forrnyl and Boc; for 
asparagine and glutarnine: Trt (trityl); for aspartic acid and 
glutarnic acid: O-t-Bu and OAllyl. 

[0474] The cyclic peptide compounds of this invention are 
preferably prepared using a fragrnent-based approach in 
Which a fragment of the desired cornplete peptide compound 
containing the amide, ester, disul?de or lanthionine bridge 
(the cyclic peptide fragment) is separately prepared and 
puri?ed prior to coupling to a resin-bound amino acid or 
peptide portion of the complete peptide compound. The 
cyclic peptide fragment is prepared using classical solution 
phase synthetic techniques or solid phase peptide synthesis 
methodology as described herein. The synthesis of the 
complete peptide compound is then accomplished by 
sequential addition of the remaining amino acid residues to 
the resin-bound cyclic peptide; by addition of additional 
cyclic or acyclic peptide fragments to the resin bound cyclic 
peptide; or by any combination of the above. The prepara 
tion of cyclic peptide hPTH analogs using a fragrnent-based 
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approach is described in US. Ser. No. 60/081897, ?led Apr. 
15, 1998, incorporated herein by reference. 

[0475] Peptides of this invention Wherein R10 is 

R7 fig 0 
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[0476] are prepared using the method described by R. 
Waelchli et al., Tetrahedron Lett, 6(10), 1151-1156 (1996), 
incorporated herein by reference. 

[0477] The folloWing non-limiting examples Will serve to 
further illustrate the preparation of the novel peptides of this 
invention. 

[0478] General Methods 

[0479] The peptide compounds are prepared on a Protein 
Technologies, Inc. PS3 Autornated Solid Phase Peptide 
SynthesiZer using standard Frnoc solid-phase peptide syn 
thesis (SPPS) methodology. The Frnoc-protected amino 
acids are purchased from either Advanced ChemTech (Lou 
isville, Kent, USA), Bachern (Torrance, Calif., USA), or 
Senn Chernicals AG (Dielsdorf, SWitZerland) and are listed 
beloW: Frnoc-Ala-OH, Frnoc-Arg(Prnc)-OH, Frnoc-Asn 
(Trt)-OH, Frnoc-Asp(OtBu)-OH, Frnoc-Asp(OAllyl), 
Frnoc-Cys(Acrn)-OH, Frnoc-Cys(Trt)-OH, Frnoc-Glu 
(OtBu)-OH, Frnoc-Glu(OAllyl)-OH, Frnoc-Gln(Trt)-OH, 
Frnoc-Gly-OH, Frnoc-His(Trt)-OH, Frnoc-Ile-OH, Frnoc 
Leu-OH, Frnoc-Lys(Alloc)-OH, Frnoc-Lys(Boc)-OH, 
Frnoc-Orn(Alloc)-OH, Frnoc-Phe-OH, Frnoc-Ser(tBu)-OH, 
Frnoc-Thr(tBu)-OH, Frnoc-Trp(Boc)-OH, and Frnoc-Val 
OH. 

[0480] Amino acid analysis is performed by BACHEM 
Bioscience, King of Prussia, Pa. and is reported as: amino 
acid residue: value found (value expected). 

[0481] Sequence analysis is performed at the Microcherni 
cal Facility at Emory University School of Medicine, 
Atlanta, Ga. 

[0482] Preparation of the Amide-Bridge 

[0483] Arnide-bridged cyclic peptide compounds are pre 
pared by forrnation of an amide bond betWeen the side-chain 
carboXyl group of an acidic amino acid residue and the 
side-chain amino group of a basic amino acid residue in the 
presence of an activating agent as described above. Preferred 
acidic amino acid residues include Asp, Glu, —NHCH 
[(CH2)3CO2H]CO— and —NHCH[(CH2)4CO2H]CO—, 
Asp being most preferred. Preferred basic amino acid resi 
dues include His, Lys, Orn, —NHCH(CH2NH2)CO— and 
—NHCH[(CH2)2NH2]CO—, Lys being most preferred. 

[0484] In instances Wherein the peptide precursor to the 
cyclic peptide cornpound contains more than one acidic or 
basic amino acid residue, protecting groups for the addi 
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tional acidic or basic amino acids are selected so that the 
amino acids to be cycliZed may be selectively deprotected. 
Preferably, the desired acidic and basic amino acid residues 
are deprotected simultaneously. Furthermore, in addition to 
being stable to the reagents used to deprotect the selected 
basic and acidic amino acid residues, the protecting groups 
on the remaining amino acid residues are selected to be 
stable to the cycliZation conditions employed. 

[0485] The term “orthogonality” When used in reference to 
side chain protecting groups refers to a situation as described 
herein in Which there are tWo or more classes of protecting 
groups on a molecule, each class most optimally removed 
under speci?c conditions, While remaining stable to condi 
tions used to remove protecting groups in other classes. Thus 
one can remove all protecting groups of one class, While 
leaving all others intact. 

[0486] Preferred protecting groups having the desired 
orthogonality are: for the acidic amino acid residue to be 
cycliZed: allyl; for the basic amino acid residue to by 
cycliZed: allyloXycarbonyl (alloc); for any additional acidic 
amino acid residues: tert-butyl (tBu); and for any additional 
basic amino acid residues: tert-butyloXycarbonyl (Boc). 

[0487] The allyl and allyloXycarbonyl protecting groups 
are removed simultaneously by treatment With palladium, 
preferably tetrakis(triphenylphosphine) palladium(O). For 
mation of the amide bridge is then accomplished as 
described herein for amide bond formation. 

[0488] Preparation of the Ester Bridge 

[0489] Ester-bridged cyclic peptide compounds are pre 
pared by formation of an ester bond betWeen the side-chain 
carboXyl group of an acidic amino acid residue and the side 
chain hydroXyl group of a hydroXyl-containing amino acid 
residue. Preferred acidic amino acid residues include Asp, 
Glu, —NHCH[(CH2)3CO2H]CO— and —NHCH 
[(CH2)4CO2H]CO—, Asp being most preferred. Preferred 
amino acid residues containing a side-chain hydroXyl group 
include Ser, Thr, Tyr and the like, Ser and Thr being 
especially preferred. Formation of the ester bond is accom 
plished using the methods and reagents described above for 
formation of a amide bridge. 

[0490] Preparation of the Disul?de Bridge 

[0491] Disul?de-bridged cyclic peptide compounds are 
prepared by formation of a disul?de bond betWeen amino 
acid residues containing side chain sulfhydryl groups, of 
Which Cys is especially preferred. Preferred protecting 
groups for the side-chain sulfhydryl residues are trityl (Trt) 
and acetamidomethyl (Acm). Treatment of the fully pro 
tected peptide precursor to the disul?de-bridged cyclic pep 
tide compound With an oXidiZing agent, for example, thal 
lium tri?uoroacetate [TI(CF3CO2)3] in dimethylformamide 
(DMF) effects the selective removal of the Trt or Acm 
protecting group and concomitant disul?de bond formation. 

[0492] Preparation of the Lanthionine Bridge 

[0493] Lanthionine-based variants of the above-described 
disul?de bridged analogs are prepared from the disul?de 
using the desulfuriZation method described by Harp and 
Gleason (J. Org. Chem. 1971, 36, 73-80). FolloWing oXida 
tive removal of the Cys(Trt) or Cys(Acm) [or, the Homocys 
derivatives] and disul?de bridge formation, the peptide is 
treated With tris(diethylamino)phosphine in an appropriate 
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solvent. After the recommended Washings, the remaining 
side chain protective groups are removed as described 
above. The crude peptide compound is then puri?ed using 
reverse phase liquid chromatography 

EXAMPLE 1 

[0495] Ala-Val-Ser-Glu-Ile—Gln-Leu-Nle-His-Asn-Leu 
Gly-Lys—His—Leu-Asn-Ser-(Lys-Glu-Arg-Val-Asp)-Trp 
Leu-Arg—Lys-Leu-Leu-Gln-Asp-Val amide 

[0496] Method A 

[0497] Rink Amide MBHA Resin (Nova Biochem, La 
Jolla, Calif., USA) (0.75 g, 0.41 mmol) is loaded into a 
reaction vessel and sWelled for 10 minutes using DMF (10 
mL). The N-terminal Fmoc protective group is then removed 
over 5 minutes using a solution of 20% piperidine in DMF 
(15 mL). The resin is Washed siX times With DMF (15 mL) 
and then treated over 20 minutes With a solution containing 
Fmoc-Val-OH (0.34 g, 1.0 mmol) and HBTU (0.38 g, 1.0 
mmol) in 0.4M N-methylmorpholine (NMM)/DMF (5 mL). 
FolloWing the ?rst amino acid coupling, the resin is Washed 
three times With DMF (15 mL). The deprotection/coupling 
procedure is repeated using the folloWing amino acid resi 
dues: Fmoc-Asp(OtBu)-OH, Fmoc-Gln(Trt)-OH, Fmoc 
Leu-OH, Fmoc-Leu-OH, Fmoc-Lys(Boc)-OH, Fmoc 
Arg(Pmc)-OH, Fmoc-Leu-OH, Fmoc-Trp(Boc)-OH, Fmoc 
Asp(OAllyl)-OH, Fmoc-Val-OH, .Fmoc-Arg(Pmc)-OH, 
Fmoc-Glu(OtBu)-OH, and Fmoc-Lys(Alloc)-OH. The resin 
bound peptide is then removed from the instrument and 
Washed ?ve times With DMF (50 mL), ?ve times With THF 
(50 mL), and ?ve times With diethyl ether (50 mL). After air 
drying, the resin is suspended under a nitrogen atmosphere 
in 37:2:1 chloroform/acetic acid/NMM (40 mL). Tetraki 
s(triphenylphosphine)palladium(O) (2.8 g, 2.4 mmol) is 
added and the heterogeneous miXture is gently agitated for 
2 hours at ambient temperature. The resulting homogeneous 
solution is ?ltered and the resin is Washed successively With 
0.5% diisopropylethylamine/DMF (100 mL), 0.5% sodium 
diethyldithiocarbonate/DMF (100 mL), and DMF (200 mL). 
CycliZation betWeen the side chains of Lys18 and Asp22 is 
effected over 2 hours using HBTU (0.26 g, 0.62 mmol), 
HOBT (0.08 g, 0.62 mmol), and NMM (0.14 mL, 1.23 
mmol) in anhydrous DMF (20 mL); the cycliZation step is 
then performed a second time. The solvent is removed and 
the resin is Washed successively With DMF (100 mL), THF 
(100 mL) and diethyl ether (100 mL), and air-dried. 

[0498] A portion of this resin-bound peptide (0.46 g, 
approx. 0.1 mmol) is returned to the automated synthesiZer 
and the remaining seventeen amino acid residues are added 
as described previously in the order: Fmoc-Ser(tBu)-OH, 
Fmoc-Asn(Trt)-OH, Fmoc-Leu-OH, Fmoc-His(Trt)-OH, 
Fmoc-Lys(Boc)-OH, Fmoc-Gly-OH, Fmoc-Leu-OH, Fmoc 
Asn(Trt)-OH, Fmoc-His(Trt)-OH, Fmoc-Nle-OH, Fmoc 
Leu-OH, Fmoc-Gln(Trt)-OH, Fmoc-Ile-OH, Fmoc-Glu 
(OtBu)-OH, Fmoc-Ser(tBu)-OH, Fmoc-Val-OH, and Fmoc 
Ala-OH. The N-terminal Fmoc protective group is removed 
over 5 minutes using a 20% piperidine/DMF solution (15 
mL). The resin-bound peptide is removed from the instru 
ment and Washed successively With DMF (100 mL), TBF 
(100 mL), and diethyl ether (100 mL). The air-dried resin is 
suspended in 10 mL of TFA containing Water (0.5 mL), 
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thioanisole (0.5 mL), phenol (0.75 g), and ethanedithiol 
(0.25 mL). After 2 hours, the TFA solution is ?ltered into 
tert-butylmethyl ether (60 mL) at 0° C. Which effected the 
precipitation of the crude peptide. The resin is Washed With 
TFA (2 mL) Which is added to the peptide mixture. The 
peptide mixture is centrifuged at 2500 rpm for 5 minutes and 
decanted. The crude, White solid is resuspended in diethyl 
ether (30 mL), centrifuged, and decanted. This Washing 
procedure is repeated four times and the resulting peptide is 
dried in vacuo, dissolved in Water containing 0.1% TFA (50 
mL), and lyophiliZed to dryness. 

[0499] The crude peptide is puri?ed by reverse-phase high 
performance liquid chromatography using a Rainin HPLC 
system equipped With a DYNAMAX-60A semi-preparative 
1“ C18 column. The mobile phase initiated With Water (0.1% 
TFA) and ramped over 30 minutes to 60% ACN (0.08% 
TFA)/Water (0.1% TFA). The pure fractions eluting at 
approximately 23 minutes are combined and lyophiliZed to 
give 40 mg of the puri?ed peptide. IS-MS: 3634 (M+). 
Amino Acid Analysis: Asp/Asn: 3.86 (4); Ser: 1.85 (2); 
Glu/Gln: 4.00 (4); Gly: 0.98 (1); Ala: 0.97 (1); Val: 2.86 (3); 
He: 0.95 (1); Leu: 6.49 (6); Nle: 0.91 (1); Lys: 2.75 (3); His: 
2.06 (2); Arg: 2.09 (2); Trp: not determined The position 
of the amide bridge is con?rmed by Edman degradation and 
tryptic digest mapping. 

[0500] Method B 

[0501] Rink Amide MBHA Resin (Nova Biochem, La 
Jolla, Calif, USA) (0.75 g, 0.41 mmol) is loaded into a 
reaction vessel and sWelled for 10 minutes using DMF (10 
mL). The N-terminal Fmoc protective group is then removed 
over 5 minutes using a solution of 20% piperidine in DMF 
(17 mL). The resin is Washed six times With DMF (17 mL) 
and then treated over 20 minutes With a solution containing 
Fmoc-Val-OH (0.34 g, 1.0 mmol) and HBTU (0.38 g, 1.0 
mmol) in 0.4M N-methylmorpholine (NMM)/DMF (8 mL). 
FolloWing the ?rst amino acid coupling, the resin is Washed 
three times With DMF (17 mL). The deprotection/coupling 
procedure is repeated using the folloWing amino acid resi 
dues: Fmoc-Asp(OtBu)-OH, Fmoc-Gln(Trt)-OH, Fmoc 
Leu-OH, Fmoc-Leu-OH, Fmoc-Lys(Boc)-OH, Fmoc 
Arg(Pmc)-OH, Fmoc-Leu-OH, Fmoc-Trp(Boc)-OH, Fmoc 
Asp(OAllyl)-OH, Fmoc-Val-OH, Fmoc-Arg(Pmc)-OH, 
Fmoc-Glu(OtBu)-OH, Fmoc-Lys(Alloc)-OH, Fmoc 
Ser(tBu)-OH, Fmoc-Asn(Trt)-OH, and Fmoc-Leu-OH. The 
resin-bound peptide is then removed from the instrument 
and Washed ?ve times With DMF (50 mL), ?ve times With 
THE (50 mL), and ?ve times With diethyl ether (50 mL). 
After air drying, the resin is suspended under a nitrogen 
atmosphere in 37:2: 1 chloroform/ acetic acid/N MM (40 mL). 
Tetrakis(triphenylphosphine)palladium(O) (1.0 g, 0.86 
mmol) is added and the heterogeneous mixture is gently 
agitated for 2 hours at ambient temperature. The resulting 
homogeneous solution is ?ltered and the resin is Washed 
successively With 0.5% diisopropylethylamine/DMF (100 
mL), 0.5% sodium diethyldithiocarbonate/DMF (100 mL), 
and DMF (200 mL). CycliZation betWeen the side chains of 
Lys18 and Asp22 is effected over 2 hours using BBTU (0.23 
g, 0.62 mmol), HOBT (0.08 g, 0.62 mmol), and NMM (0.13 
mL, 1.23 mmol) in anhydrous DMF (20 mL); the cycliZation 
step is then performed a second time. The solvent is removed 
and the resin is Washed successively With DMF (100 mL), 
THF (100 mL), diethyl ether (100 mL), and air-dried. 
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[0502] The resin-bound peptide (approx. 2.2 g) is returned 
to the automated synthesiZer and the remaining fourteen 
amino acid residues are added as described previously in the 
order: Fmoc-His(Trt)-OH, Fmoc-Lys(Boc)-OH, Fmoc-Gly 
OH, Fmoc-Leu-OH, Fmoc-Asn(Trt)-OH, Fmoc-His(Trt) 
OH, Fmoc-Nle-OH, Fmoc-Leu-OH, Fmoc-Gln(Trt)-OH, 
Fmoc-Ile-OH, Fmoc-Glu(OtBu)-OH, Fmoc-Ser(tBu)-OH, 
Fmoc-Val-OH, and Fmoc-Ala-OH. The N-terminal Fmoc 
protective group is removed over 5 minutes using a 20% 
piperidine/DMF solution (17 mL). The resin-bound peptide 
is removed from the instrument and Washed successively 
With DMF (100 mL), THF (100 mL), and diethyl ether (100 
mL). The air-dried resin is suspended in 40 mL of TFA 
containing Water (2.0 mL), thioanisole (2.0 mL), phenol (3.0 
g), and ethanedithiol (1.0 mL). After 2 hours, the TFA 
solution is ?ltered into tert-butylmethyl ether (160 mL) at 0° 
C. Which effects precipitation of the crude peptide. The resin 
is Washed With TFA (2 mL) Which is added to the peptide 
mixture. The peptide mixture is centrifuged at 2500 rpm for 
5 minutes and decanted. The crude, White solid is resus 
pended in diethyl ether (120 mL), centrifuged, and decanted. 
This Washing procedure is repeated four times and the 
resulting peptide is dried in vacuo, dissolved in Water 
containing 0.1% TFA (100 mL), and lyophiliZed to dryness. 

[0503] The crude peptide is puri?ed by reverse phase 
liquid chromatography as described previously to provide 
261 mg of material Which is shoWn to be identical by mass 
spectral and HPLC analysis to an authentic sample prepared 
by Method A. In addition, the material provided by Method 
B is identical to that prepared by Method A by in vitro 
analysis in the ROS 17.2/8 cell cAMP assay (vide supra). 

[0504] Method C 

[0505] Rink Amide MBHA Resin (Nova Biochem, La 
Jolla, Calif., USA) (0.75 g, 0.41 mmol) is loaded into a 
reaction vessel and sWelled for 10 minutes using DMF (10 
mL). The N-terminal Fmoc protective group is then removed 
over 5 minutes using a solution of 20% piperidine in DMF 
(17 mL). The resin is Washed six times With DMF (17 mL) 
and then treated over 20 minutes With a solution containing 
Fmoc-Val-OH (0.34 g, 1.0 mmol) and HBTU (0.38 g, 1.0 
mmol) in 0.4M N-methylmorpholine (NMM)/DMF (8 mL). 
FolloWing the ?rst amino acid coupling, the resin is Washed 
three times With DMF (17 mL). The deprotection/coupling 
procedure is repeated using the folloWing amino acid resi 
dues: Fmoc-Asp(OtBu)-OH, Fmoc-Gln(Trt)-OH, Fmoc 
Leu-OH, Fmoc-Leu-OH, Fmoc-Lys(Boc)-OH, Fmoc 
Arg(Pmc)-OH, Fmoc-Leu-OH, Fmoc-Trp(Boc)-OH, Fmoc 
Asp(OAllyl)-OH, Fmoc-Val-OH, Fmoc-Arg(Pmc)-OH, 
Fmoc-Glu(OtBu)-OH, Fmoc-Lys(Alloc)-OH, Fmoc 
Ser(tBu)-OH, Fmoc-Asn(Trt)-OH, Fmoc-Leu-OH, Fmoc 
His(Trt)-OH, Fmoc-Lys(Boc)-OH, Fmoc-Gly-OH, Fmoc 
Leu-OH, Fmoc-Asn(Trt)-OH, Fmoc-His(Trt)-OH, Fmoc 
Nle-OH, Fmoc-Leu-OH, Fmoc-Gln(Trt)-OH, Fmoc-Ile-OH, 
Fmoc-Glu(OtBu)-OH, Fmoc-Ser(tBu)-OH, Fmoc-Val-OH, 
and Fmoc-Ala-OH. The resin-bound peptide is then 
removed from the instrument and Washed ?ve times With 
DMF (50 mL), ?ve times With THF (50 mL), and ?ve times 
With diethyl ether (50 mL). After air drying, the resin is 
suspended under a nitrogen atmosphere in a 37:2:1 chloro 
form/acetic acid/NMM solution (40 mL). Tetrakis(triph 
enylphosphine)palladium(O) (1.0 g, 0.86 mmol) is added 
and the heterogeneous mixture is gently agitated for 2 hours 
at ambient temperature. The resulting homogeneous solution 
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is ?ltered and the resin is Washed successively With 0.5% 
diisopropylethylamine/DMF (100 mL), 0.5% sodium dieth 
yldithiocarbonate/DMF (100 mL), and DMF (200 mL). 
CycliZation between the side chains of Lys18 and Asp22 is 
effected over 2 hours using HBTU (0.23 g, 0.62 mmol), 
HOBT (0.08 g, 0.62 mmol), and NMM (0.13 mL, 1.23 
mmol) in anhydrous DMF (20 mL); the cycliZation step is 
then performed a second time. The solvent is removed and 
the resin is Washed successively With DMF (100 mL), THE 
(100 mL), diethyl ether (100 mL), and air-dried. 
[0506] The N-terminal Fmoc protective group is removed 
over 5 minutes using a 20% piperidine/DMF solution (17 
mL). Theres in-bound peptide is Washed successively With 
DMF (100 mL), THE (100 mL), and diethyl ether (100 mL). 
The air-dried resin is suspended in 40 mL of TFA containing 
Water (2.0 mL), thioanisole (2.0 mL), phenol (3.0 g), and 
ethanedithiol (1.0 mL). After 2 hours, the TFA solution is 
?ltered into tert-butylmethyl ether (160 mL) at 0° C. Which 
effects precipitation of the crude peptide. The resin is 
Washed With TFA (2 mL) Which is added to the peptide 
mixture. The peptide mixture is centrifuged at 2500 rpm for 
5 minutes and decanted. The crude, White solid is resus 
pended in diethyl ether (120 mL), centrifuged, and decanted. 
This Washing procedure is repeated four times and the 
resulting peptide is dried in vacuo, dissolved in Water 
containing 0.1% TFA (100 mL), and lyophiliZed to dryness. 

[0507] The crude peptide is puri?ed by reverse phase 
liquid chromatography as described previously to provide 
puri?ed peptide Which is shoWn to be identical by mass 
spectral and HPLC analysis to authentic samples prepared 
by Methods A and B. In addition, the material provided by 
Method C is identical to that prepared by Methods A and B 
by in vitro analysis in the ROS 17.2/8 cell cAMP assay (vide 
supra). 
[0508] Method D 

[0509] The fragment-based synthesis of the title com 
pound is described in US. Ser. No. 60/081897, ?led Apr. 15, 
1998, incorporated herein by reference. 

EXAMPLE 2 

[0510] [A1,Nle8,K18,D22,L27]hPTH(1-3 1)NH2 (SEQ ID 
NO: 4) 

[0511] Ala-Val-Ser-Glu-Ile-Gln-Leu-Nle-His-Asn-Leu 
Gly-Lys-His-Leu-Asn-Ser-Lys-Glu-Arg-Val-Asp-Trp-Leu 
Arg-Lys-Leu-Leu-Gln-Asp-Val amide 

[0512] Rink Amide MBHA Resin (Nova Biochem, La 
Jolla, Calif., USA) (0.75 g, 0.41 mmol) is loaded into a 
reaction vessel and sWelled for 10 minutes using DMF (10 
mL). The N-terminal Fmoc protective group is then removed 
over 5 minutes using a solution of 20% piperidine in DMF 
(17 mL). The resin is Washed six times With DMF (17 mL) 
and then is treated over 20 minutes With a solution contain 
ing Fmoc-Val-OH (0.34 g, 1.0 mmol) and HBTU (0.38 g, 1.0 
mmol) in 0.4M N-methylmorpholine (NMM)/DMF (8 mL). 
FolloWing the ?rst amino acid coupling, the resin is Washed 
three times With DMF (17 mL). The deprotection/coupling 
procedure is repeated using the folloWing amino acid resi 
dues: Fmoc-Asp(OtBu)-OH, Fmoc-Gln(Trt)-OH, Fmoc 
Leu-OH, Fmoc-Leu-OH, Fmoc-Lys(Boc)-OH, Fmoc 
Arg(Pmc)-OH, Fmoc-Leu-OH, Fmoc-Trp(Boc)-OH, Fmoc 
Asp(OAllyl)-OH, Fmoc-Val-OH, Fmoc-Arg(Pmc)-OH, 
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Fmoc-Glu(OtBu)-OH, Fmoc-Lys(Alloc)-OH, Fmoc 
Ser(tBu)-OH, Fmoc-Asn(Trt)-OH, Fmoc-Leu-OH, Fmoc 
His(Trt)-OH, Fmoc-Lys(Boc)-OH, Fmoc-Gly-OH, Fmoc 
Leu-OH, Fmoc-Asn(Trt)-OH, Fmoc-His(Trt)-OH, Fmoc 
Nle-OH, Fmoc-Leu-OH, Fmoc-Gln(Trt)-OH, Fmoc-Ile-OH, 
Fmoc-Glu(OtBu)-OH, Fmoc-Ser(tBu)-OH, Fmoc-Val-OH, 
and Fmoc-Ala-OH. The resin-bound peptide is then 
removed from the instrument and Washed ?ve times With 
DMF (50 mL), ?ve times With THE (50 mL), and ?ve times 
With diethyl ether (50 mL). After air drying, a portion of the 
resin (1.5 g, ~0.25 mmol) is suspended under a nitrogen 
atmosphere in a 37:2:1 chloroform/acetic acid/NMM solu 
tion (20 mL). Tetrakis(triphenylphosphine)palladium(O) 
(0.5 g, 0.43 mmol) is added and the heterogeneous mixture 
is gently agitated for 2 hours at ambient temperature. The 
resulting homogeneous solution is ?ltered and the resin is 
Washed successively With 0.5% diisopropylethylamine/ 
DMP (100 mL), 0.5% sodium diethyldithiocarbonate/DMF 
(200 mL), DMF (200 mL), THE (100 mL), diethyl ether 
(100 mL), and air-dried. 

[0513] The N-terminal Fmoc protective group is removed 
over 5 minutes using a 20% piperidine/DMF solution (20 
mL). The resin-bound peptide is Washed successively With 
DMF (100 mL), THE (100 mL), and diethyl ether (100 mL). 
The air-dried resin is suspended in 20 mL of TFA containing 
Water (1.0 mL), thioanisole (1.0 mL), phenol (1.5 g), and 
ethanedithiol (0.5 mL). After 2 hours, the TFA solution is 
?ltered into tert-butylmethyl ether (160 mL) at 0° C. Which 
effects precipitation of the crude peptide. The resin is 
Washed With TFA (2 mL) Which is added to the peptide 
mixture. The peptide mixture is centrifuged at 2500 rpm for 
5 minutes and decanted. The crude, White solid is resus 
pended in diethyl ether (120 mL), centrifuged, and decanted. 
This Washing procedure is repeated four times and the 
resulting peptide is dried in vacuo, dissolved in Water 
containing 0.1% TFA (100 mL), and lyophiliZed to dryness. 

[0514] The crude peptide is puri?ed by reverse phase 
liquid chromatography as described previously to provide 75 
mg of ?nal, puri?ed peptide. IS-MS: 3652 (M+). Amino 
Acid Analysis: Asp/Asn: 4.00 (4); Ser: 1.78 (2); Glu/Gln: 
3.92 (4); Gly: 0.95 (1); Ala: 0.95 (1); Val: 3.03 (3); He: 0.90 
(1); Leu: 6.36 (6); Nle: 0.90 (1); Lys: 3.06 (3); His: 2.01 (2); 
Arg: 2.04 (2); Trp: not determined The primary 
sequence of the peptide is con?rmed by Edman degradation. 

EXAMPLES 3-18 

[0515] A portion of the resin-bound peptide previously 
prepared using Method A and terminating With the Kls-D22 
amide bridge (0.46 g, 0.1 mmol) is evenly distributed 
amongst 17 three mL-Wells of a 96-Well block of an 
Advanced ChemTech 496 MBS instrument. In each Well, the 
N-terminal Fmoc protective group is removed using a 20% 
piperidine/DMF solution (0.5 mL). A synthesis program 
Which alloWs for the independent preparation of all seven 
teen PTH analogs Where L-alanine is systematically substi 
tuted in each of the seventeen N-terminal positions using 
standard Fmoc-coupling conditions (0.5 mmol Fmoc-amino 
acid per coupling step; triple couplings per residue) is 
employed. FolloWing completion of the programmed syn 
thesis, the PTH analogs are deprotected and removed from 
the resin using Reagent K (1.0 mL/Well) over a tWo-hour 
period. The cleavage solutions are then individually added to 
diethyl ether (8 mL) at ambient temperature. The resulting 
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EXAMPLE 15 

[0554] Ala-Val-Ser-Glu-Ile-Gln-Leu-Nle-His-Asn-Leu 
Gly-Lys-Ala-Leu-Asn-Ser-(Lys-Glu-Arg-Val-Asp)-Trp 
Leu-Arg-Lys-Leu-Leu-Gln-Asp-Val amide 

[0555] IS-MS=3567 (M+). 

EXAMPLE 16 

[0557] Ala-Val-Ser-Glu-Ile-Gln-Leu-Nle-His-Asn-Leu 
Gly-Lys-His-Ala-Asn-Ser-(Lys-Glu-Arg-Val-Asp)-Trp 
Leu-Arg-Lys-Leu-Leu-Gln-Asp-Val amide 

[055s] IS-MS=3591 (M+). 

EXAMPLE 17 

[0560] Ala-Val-Ser-Glu-Ile-Gln-Leu-Nle-His-Asn-Leu 
Gly-Lys-His-Leu-Ala-Ser-(Lys-Glu-Arg-Val-Asp)-Trp 
Leu-Arg-Lys-Leu-Leu-Gln-Asp-Val amide 

[0561] IS-MS=3590 (M+). 

EXAMPLE 18 

[0563] Ala-Val-Ser-Glu-Ile-Gln-Leu-Nle-His-Asn-Leu 
Gly-Lys-His-Leu-Asn-Ala-(Lys-Glu-Arg-Val-Asp)-Trp 
Leu-Arg-Lys-Leu-Leu-Gln-Asp-Val amide 

[0564] IS-MS=3617 (M+). 

EXAMPLES 19-34 

[0565] A portion of the resin-bound peptide previously 
prepared using Method A and terminating With the Kls-D22 
amide bridge (0.46 g, 0.1 mmol) is evenly distributed 
amongst 17 three mL-Wells of a 96-well block of an 
Advanced ChemTech 496 MBS instrument. In each Well, the 
N-terminal Fmoc protective group is removed using a 20% 
piperidine/DMF solution (0.5 mL). A synthesis program 
Which alloWs for the independent preparation of all seven 
teen PTH analogs Where glycine is systematically substi 
tuted in each of the seventeen N-terminal positions using 
standard Fmoc-coupling conditions (0.5 mmol Fmoc-amino 
acid per coupling step; triple couplings per residue) is 
employed. FolloWing completion of the programmed syn 
thesis, the PTH analogs are deprotected and removed from 
the resin using Reagent K (1.0 mL/Well) over a tWo-hour 
period. The cleavage solutions are then individually added to 
diethyl ether (8 mL) at ambient temperature. The resulting 
heterogeneous mixtures of precipitated peptide in diethyl 
ether are then centrifuged and the supernatant is decanted 
aWay from the crude peptides. The solid peptides are Washed 
successively With ?ve portions of diethyl ether (8 mL) 
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folloWed by drying in vacuo. The White solids are dissolved 
in Water (2 mL) containing 0.1% TFA, froze, and lyo 
philiZed. 
[0566] The peptides are Weighed, analyZed by ion-spray 
mass spectrometry, and assayed for their ability to stimulate 
the formation of cAMP in ROS 17.2/8 cells using the 
method described (vide infra). 

EXAMPLE 19 

[0568] Gly-Val-Ser-Glu-Ile-Gln-Leu-Nle-His-Asn-Leu 
Gly-Lys-His-Leu-Asn-Ser-(Lys-Glu-Arg-Val-Asp)-Trp 
Leu-Arg-Lys-Leu-Leu-Gln-Asp-Val amide 

[0569] IS-MS=3619 (M+). 

EXAMPLE 20 

[0571] Ala-Gly-Ser-Glu-Ile-Gln-Leu-Nle-His-Asn-Leu 
Gly-Lys-His-Leu-Asn-Ser-(Lys-Glu-Arg-Val-Asp)-Trp 
Leu-Arg-Lys-Leu-Leu-Gln-Asp-Val amide 

[0572] IS-MS=3591 (M+). 

EXAMPLE 21 

[0574] Ala-Val-Gly-Glu-Ile-Gln-Leu-Nle-His-Asn-Leu 
Gly-Lys-His-Leu-Asn-Ser-(Lys-Glu-Arg-Val-Asp)-Trp 
Leu-Arg-Lys-Leu-Leu-Gln-Asp-Val amide 

[0575] IS-MS=3603 (M+). 

EXAMPLE 22 

[0577] Ala-Val-Ser-Gly-Ile-Gln-Leu-Nle-His-Asn-Leu 
Gly-Lys-His-Leu-Asn-Ser-(Lys-Glu-Arg-Val-Asp)-Trp 
Leu-Arg-Lys-Leu-Leu-Gln-Asp-Val amide 

[057s] IS-MS=3561 (M+). 

EXAMPLE 23 

[0580] Ala-Val-Ser-Glu-Gly-Gln-Leu-Nle-His-Asn-Leu 
Gly-Lys-His-Leu-Asn-Ser-(Lys-Glu-Arg-Val-Asp)-Trp 
Leu-Arg-Lys-Leu-Leu-Gln-Asp-Val amide 

[0581] IS-MS=3577 (M+). 

EXAMPLE 24 

[0582] Cyclo(K18-D22)[A1,G6,Nle8,K18,D22,L27]hPTH(1 
31)NH2 (SEQ ID NO: 25) 
[0583] Ala-Val-Ser-Glu-Ile-Gly-Leu-Nle-His-Asn-Leu 
Gly-Lys-His-Leu-Asn-Ser-(Lys-Glu-Arg-Val-Asp)-Trp 
Leu-Arg-Lys-Leu-Leu-Gln-Asp-Val amide 

[0584] IS-MS=3562 (M+). 






















































































































































